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Foreword

Two yuotisons from Shakespeare s Aing Menry Vi mn b apth \ﬁﬂl«’l‘::;
medicil problems and to none more thn to fnpertension In the first scen
the second 1t 1 messenger sud

And many strokes thou i with o hetle axe
Hew down and fell the hordest timbered oak

whnch may be said to Mustrate the wewr nd teie from fuch blood pressurc over
the years and the need to control 1t or better stil of course to prevent &t In
the erhith scene of the fourth aet 1 still more sigmficant truth ts uttcred

A hitle fire is quickly trodden ont
Which beng suffercd nters cannot quench”

Someday we must learn to recogmze the Cwndidates for scnous Bapertension
before 1t strikes and to protect them from 1t even ints erliest stages before at
his had amv harmful effect We are shl) ot the threshold of such proventse
mediane wd hue not vet dane much of mthing ather to mark the < ndudates
of to appls prophylactic measures

Meanwhide however much 1s known about the (ffects of hvpertension wnd
much his been dane though largedy empincalhy to dheek 1t or 1 part to con
trol 1t not onlv by the radical measures of surgeny {thoracolumbr sympthees
tom ) diet {sen low salt intihe s m the nice diet) and the more powesful
livpotensive drugs hut also by the application of relneh simple Ingienc
meusures of diet regulation contro} of oheswts proper proportions of rest nd
cxercise and avondance of excesstve nenous stram nd vessne use of tobeco
wd b the nse of the milder sedative drugs

This book by Dr Edwards presents clearly ind suecinctly the prosent stitns
ui the problem of hypertension and s treatment Impartint detuls of the use
:hcﬂ\“; rlvm::‘ndts\dn;gs alm:‘c 'm(ll n combmations are mciuded As vet we are in
o hwenonsm.\nh:(r:?‘(h :'n:! :;lcl;m of our an\!;du not only of the treatment
will b ncedtd n the ot for e se process stself Wathout doubt new editions

nt future to keep up with these advanecs

Boston \lass PAUL DUDLEY WHITE M p
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Introducton

The first Amencm paper on hvpertnsion wis puhhshod by Jancwan soon
after the turn of the century wnd 1t stimulited an enormous numbce of chintes
pathologic stuckes Goldblitt more than amvont ehe ope nedd the era of txpen
mental work on hvpertension about twenty fae vuars Tter nd when thas en
tun entered 1ts turd quarter drues which could be depended upon to fower
astend pressure beenme av whble to the profession To be sure they re nat
pertect drugs but 1t least they mike 1 brgnming, This book 1s 2 bold attempt
to summarze the myor desclopments 1 this evong wd find beld §t shonld
therefore be a useful gwde to theripy

Until the meanmng, of Jugh blood pressure bocomes appirent and more actu
il data are eviluated the mmpulation of minametnic r adings will continue
15 the weepted procedurc It 15 however + mancuver Winch we must amploy
since there 15 certunh no cudence thit 1 Inh artena pressure s useful to the
patient with progressne arterial docise For the moment physicans must e
pend largeh upon 1 vancty of chemicals whose 1ctions we complex somctimes
unplewmnt and afw s poorly understood Tmpiric s these chemother ypontie
approaches may be there s reason to behicve that they often relieve svmptoms
and sometimes prolong hife

Smec there 15 wo genenl agrecment concerming the sclechon of drugs or the

techmyue of their admmstration Dr { dwards has ficed 1 formdyble b He
s wiscl refraned from presenting

s entterin and seliedules which are too ngid
mnd et the practitioner faced with a specific prablem will find oypenenced
counsc] here

THOMAS 1IADIT
Professor af \Mcdicme o e
Medical Colle e of C¢cria
Au usta Ca






Preface

of the
Thus book 15 itended to sene 15 1 gmde m(l‘“( }{m:;l‘lsn\al ;:\ ;:lcll\;:]n:‘\‘n;' N
patient with hvpertensu e diseise 1t 15 wnitten for the phy i
who wants the latest mformation on the treatment of hypurtansion and g Y
w selecting proper medication for 1+ puwticulir pitient \ patic nt \\1; |l n‘n“(“
artersal hypertension may be unible to respond porlly to exertion or ‘u 1 i "
tests depending upon the underhing disease Tn more scaere stiges oF Jorms lu
the disease the responses av uhible e midcquate for cven the ordimary de
mands of daiy hie
A plan such s descloped m tus book should be followed to ud m 1 better
understanding and a more logical use of the wailable 2gents in the mangement
and control of hypertension It 15 important ta know what drugs to use and
when to use them butit1s equally important to know wint not to do
Axtennal by may eust as whopatt

or essentuil hvpertension cnsed
by humorl or newrogeme frctors or perbips more directh 15 1 conditian sec

ondan to acute or chrome renal disease hvpertension secondin to phen-
chromocytomas  coarctation of the sort thremboses or strictures of the aartt
or renal artenes 1s usually reicved when the Cuse s corrected surgienlly Acute
prefonephritis and obstructive wropithy may he putials or temporands re
sersthle with speafic therapy

In the treatment of a particalar patient the time my finally armve when ot
15 obvous to the phvsiian that the therapy previousls wstituted 15 ine fectn e
The management of the disease then becomes more a matter of the shall nd
wisdom of the phveician m the art of medicme rither than of medication lone
The patient humself 1nd not hus chemical ens ronment becomes parimount 1t g5

apparent that proper medical minagement before the anset af 1rresersible renal
msufficiency will delw or even reverse the

T
— process underlving esscntial hyper
Frequenth no explanation for the bieh of corrdditson betwe en haaglt of tlood
pressure and symptoms or seventy of the underlying lesion 1s avarlible A blood
pressure which may be 3t normal for 1 patient reeenthy n good health mas not
pecessary be 1 defect requnng nyd control i the chironic “compunsated
Ivpertensive pabient Thus 1s espeunlly P‘

trie m some panents m the oldor age
groups swho hiave a modernte eler ahan of blood pressure -

9
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Thus mterpretation hoth of the need for and the results of ticitment often
depends more upon the opmion of the clinin tha upon the results of the
Iiboratory tests alone Lich pitient ranuns an mdivadud to whom no one
formuln applhes

Although an understinding of the plvsiology and chemstry of the nauro
arculitory system 15 smportant n the ficld of hyputensine disewsc at 15 not
withmn the scope of this book to go mto detul bout such mechwisms How
ever 1 rview of the expenmental work wnd chimel studies of theripy m recent
yewus hs been mcluded

It 15 constdercd mmportmt to ud the chmictin m heeping wbreast of the recent
developments i the theripy nd minagement of the patient with hypertension
by bringing together m one baok many of the methods wnd obserstions 1
physicrn his found of v tlue in Tis own expenience

The helptul ertiasm of Dr Cul V Moore Dt 1T Mitchdd! Perny id Dr

John R Smmth of the Washington University School of Medieme who raviewed
myor portions of the mnuscript for me 1s gritcfully achnowledged Dr Henry
A Schroeder gave mamy v hnible suggestions The Aindncess of Dr Paul Dudlay
White and D Thomis T'indley i whose Tibortories much of my knowledge
wis aequired an contributing the Forcword and the Introduction 1s decphh ap
preenited The collaborition of Dr Scymour Monat on the chpter on ITyperten
sion Assocnted With Pregnaney s gntefully whnonledged Acknow ledgment
15 tso mide to the Washington Unisarsity Dep urtment of Hlustition for the
photogripls to Dr Junes N Stokes for the discussion on the technque of
rortogrwphy nd to the house staff of Barnes wd St Luhc s Hospatals for ¢ap able
asststnce m the ce of my prtients The chme personnel were very cooperatne
Dr Pwl O Ilgann uded my miaest mov by pertension cie at St Lukes
Hospital

The s aloble assistince of Miss Cima Irobbicter wnd Mre Minna Pafiey
m typing wd revising the matcrnd wath tirdless enthusizsm was of the utmost
viue Miss Frohbreter Dilped 2o m reading the proof Without the cooperi
tion nd forbearance of my wafe har hedp in typmg the manuscrpt ind m cot
recting the proof wd her deep understnding of the cntire problam  this book
could never hue been finished My entire famly 1ssisted me i spmt Also T
am gruteful for the understinding ttitude of my patients during the time this
book was n prepirition

Such 1 book requires pertodic revision medietl progress 15t ncver ending
process It 15 my hope tht this mitenal my ud the better understinding

wd mmgument of the paticnt with hvpertensine disc ise
JosLHH ¢ LDW ARDS MDD
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chapter 1

Arterial Hyperlension

The medictl wnd socioeconomme wmpact of hvpertensie disc s on Amencin
lfe 15 underscored by the knowledge that m 1935 4957 of ot n s A deaths w
the Umited States and 937 of the 510,200 deaths from errdion ascular disese wert
caused by artenosclerosis and hvpertension OF the threc quurtes mulhon daths
10 that ver attributed to these two conditions 117 wete ¢sed by hvpustension
alone ' About five million persons m this country ine atenal hyvputension of
some degree 1f the upper normt homts for blood pressure are arhitrndy sttt
130 mmn Hg svitohe wd 90 mm Hyg dustole? T diffienit howeser ta agrec
upon Iimts of normil blood pressure or ta define lvels thit must he regarded
as abnormil or 1s trals scnons Within ruisonable himats the cntical Fictor
proguonss 15 nat the mere hewght of the blood pressure mewsurument but morc
mportantly the niture and degree of the underlying v seular diseise Tustence
of elevated blood pressure mav of course ccelerate or promote other v iscular
pathologic changes prescnt Until more 15 understood about the basie sl shon
shups and etiologues of vasenlar disease and irtenal hypertension medical effort
must be directed toward attempting safely to mmmize diastobe pressures
DEFINITION

A definition of hugh bload pressure should not be bascd on wny wbitrary level
of pressure Instead frequency tunves for an cntire population shonld be studied
together with selictive group charactenshies which might Yead 1o @ determination
of susceptibles There should be follow up to identifs the fictors imohed m
appearauce or progression of hypertinsive disease m susceptible ndiiduals ?

Artertal hypertension represents a dusorder which 15 charactenized by an n
aease n systolic and diastolic pressure with normal carding output and by a
grreral mcrease in perspheral vascular Thus defi of

excludes elevated blood pressure resulting fre
om coarctation of the
mclasticits of the aorta and laxy & oy o fom

ge arteries i the elderly mdwidual
artenoveneus shunts and increased blood pressure sccomiirv to el
e output * The upper hmits of blood

aceepied values

sugmented car
pressute m1y be Ingher than the usuilly

2
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vl TETRALOGY OF FALLOT 13

DIAGRAM Vi-1

[etralogy of Fallot suith pulmonary stenots before
clasure of the ductus arteriofus

The four components of the tetralogy of Tallor ate (1) yulmom‘r) slﬂ:i‘:{ :(:‘)‘ d“r
oposiuon of the a0mta, (3) venticular septal defect, and (4) nght ventr e
lmp%zc deviroposiion of the zoma means that the aorta over nides the sentricular sep-
tum When this occurs the a0t seprum Cantiot mect the weataicylar septum tn the
sormal manner heace the over nding of the sorta inevitably causes a tugh < enteuler
sepual defect. The foramen onale closes normally There may, howenet, be a delay m
the closure of the ductus artenosus When thas occurs the ducws anenosus hecomes of
funcuonal tmportance and 1ncreases the curculation to the lungs Under such arcum
stances the airculauon of the blood 1s as follaws

The blood from the nght auncle flows nto the nght ventnee Part of the blood
from the night ventricle 1s pumped out through the stenosed pulmonar artery to the
fungs and part 1s pumped direcdy 1nto the aona Al the blood in the pulmonacy as
teries goes to the Tungs and the ovygenated blood 1s returned by the pulmonary veins
totheleftauncle thence it passes to the lefe ventricle The blood §rom the Jelt ventricle
1s puraped out 1nto the zorta Inasmuch as the aona over ndes the ventneular seprum
some of the blood from the nght ventricle 13 also pumped directly 1o the aorta There
fore the aorts and the systerme arculanon always recene 2 mitture of axyeenated
blood from the lungs and enous blood from the nght ventncle Most of the bload 1n
the aora 15 durected to the systemic arculanon and 1s retarned by the superor vena
cava and the infenior vema eava to the nght auncle Owing to the pulmonary stenosis
and the low pressure in the pulmonary artery, omme blood from the aorta flows through
the ductus arteriosus into the pulmonary anery “Thus the lungs recenve blood from the
right ventncle and also from the aorta through the ductus asteriosus The combined
blood flow to the Iungs means that a relatiy cly large volume of bload reaches the lungs

All the blood which reaches the Jungs 15 returned by the pulmonary veins to the lek
aurnicle and thence to the lefe ventacle Conse

quently a relatnely lage solume of oty
genated blood 15 pumped out from the Jeft ventricle “Ths blood 15 miced with the rela

tvely small volume of blood which is pumped feom che nght ventncle snto the aona
The resultant admuxture of venous and arterial blo

od may be wsufficicy
w1 1ble cyanoss ! e e
Clineal diagnoss ‘The heart ss narmalin size and 1n nfancy there 1s only a systohc
mumlmdr Therefore the climeal picty e thes age closefy simulates that of a ventricylar
septal detect The elecrrocardiogram 1 addiuon o the usual nght axis deviation
shows evidence of nght ventricula hypertrophy, )
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V1 TETRALOGY OF FALLOT 15

Diacranm vi-2

Tetralogy of Fallot nith pulnonary stenoss affer
Aosure of the ducins srieriosus

The four components of the tetralogy of Fallot ate {a) pefimonary senoss, (2) dex
troposituon of the aorta (3) ventricuar sepeal defect, and (5} nght sentricstar bypee
trophv
The dextroposion of the orta means that the aorta over ndes the yemneutar sep
wm W hen this occurs st 15 1mpossible for the aorue septum to meet the ventncular
septurn 1 the normal fashion Thus destroposmon of the aorta neviably means that
thete 1s 2 hugh ventricular sepeal defect  uch 1s the nawre of the ventnicular defectan
the tetralogy of Fallot In thus malformaton: the foramen ovale closes and the ductus
artenosus undergoss normal chliteration
The bood whuch eers the nght avncle flows 1o the nght ventncle Trom the
nghtvennide patt of the biood 15 pumped through the stenosed pulmonary onfice to
the lungs where it xs oxygemated and the o genated blood 18 retuened by way of the
pulmonary veins to the Jeft auncle and thence passes 10 the lefi sennele “The blood
from the left ventnicle 1s pumped out through the 2orta o the yystemc urculavon In
asmurk 2s chie dorra over ndes the ventnicular sepram 1t vhercby commumicaes direatly
with the nght ventncle hence past of the blood from the nght ventricle 18 directed out
1nto the aorta Thereby the aorta and the systemuc airculauon recerse blood from both
the nght ventnicle and the left ventncle. All the blood »n the systemie arelavion 1s 3¢
:;:r::t: ‘boy ic:ug:n:r [\x 1:3: c';;a m:}(\l the ;\nf:nor sea2 e2va to the nght auncle and
feft ventri fe angd d:lat“pan of th‘c)sblo;dn? e reces i he blocd lrom the
rom the nght ventncle which was pumped
directly inta the aonta. In contyast 1o this, the Jefr ventnele recenes only the bleod from
%::ffh::v::u;clc which was pumped through the pulmonary anery ta the luags
] ore the nght ventricle atways recenves a greater volume of blood than dacs the
z;[: :;1::2: Fl;ﬂhumorev the nght veaticle has to pump the blood enther through
pulmonary astery to the lungs or agatast systerme pressure. H th
work of the nght ventricle s increased and there results nghtvent ! ular kv ooy
Che nght ventncle 18 entirged and thuck walled the left ven “‘C o YPQT“"P‘I)
vetaces togeher gve  heat of apprommely sopmd e tncle s small Themo
huth“‘c;d' y Sm‘\“s!s ined with the dearop of the aorta means that
e reaches the lungs for ox;
1 pumped 1ato the systt‘ml% mmm)’ﬁ:‘nﬂchy:l;j:i:h::ua ‘\):ugc solume of venous blaod
Clinwcal diagnoss There 1s usually 2 history of au; {’"‘;‘nsc
tafancy and o squating 1n Celdbood The ot showc s of parotysmal dyspnea n
ucamts The bart s of normal s2¢ A gy s Cynnl:sls and clubbing of the
an 2bsence of fullness of the pdmonary conus Th emur 35 the rule. The x ray shows
© electrocardiogram shows a nghe

axis deviaton and endence of ght ventrenlar hypertraphy
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f
some blood flows from the night auricle to the left aurscle The glrc-ncrlpm o
the cycle starts
the blood 1 the night aunicle flows 1nto the nght ventrsck There y
again (sec Diagram Vi-3)

PHYSIOLOGY OF THE AALFORMATION

In the tetralogy of Fallot, regardless of whether there 1s pulmonary stenoss
or pulmonary atresa, onlya small volume of biood reaches the lungs for oxygen
atron, and a large volume of blood 1s pumped out through the aerta ta the sys
temic circulation 1t follows that the pulmonary blood flaw 1 reduced, the
systee blood flow 15 snereased, and the volume of blood returned to the nght
awstcle and the aght entricle 15 greater than normal The night ventricle not
only has an sncreased volume of blood to pump, but 1t also encounters d|lﬁcu1q
1n the expulsion of blood thraugh the stenosed pulmonary artery Furthermore,
1n many instances, 1n order to pump blood anto the aorta the nght » entricle must
pummp agamst systemuc pressure It follows that the ejectrle force of the nght
ventricle must be approximately the same as that of the left ventricle Neserthe
less, sunce blood can escape from the right ventricle into the aorta, rcgardlcss of
the seventy of the pulmonary stenosus, the pressure in the nght ventacle scldom
greatly exceeds that 1n the left ventnicle

The night ventricle undergoes shght dilatation and considerable hypertraphy
Asthe foramen ovale tends to close, the stratn on the night awecle 13 creased, 1t,
too, may become hypertrophied The left ventrcle, however, recenves only 2

small volume of blood and therefore remans a relatiyely small chamber

The pulmonary stenosis breaks the ejectile force of the nght ventricle and,
1 addition, 1t reduces the volume of blood which seaches the ungs Conse
quently the pressure i the pulmonary astery 1s normal or abnormally Jow and
the expanston of the lungs s normat

Inasmach as the patency of the ductas arteniosus 1s not pimanly determincd
by mechameal factors, althaugh the cosute of the ductys arterosus 15 often de

layed for stx montbs or even for one year 1t 15 usual to find that, 1n spate of the
pu]momry stenosis or even ?ulmm\:\rj Atresia, e ductus arteriosus un(krgocs
normal obliteration When this occurs 10 a paent with pulmonary atresta, Iife

can be muntained only provided that there 15 sufficient coflateral arculation to
the Jungs Under such circumstances the condition 15 functionally that of a
pseudo tsuncus artenosus in which the eireulation o the lungs 15 by m

collateral vessels (see Chapter xwv) The chmeal g Tosly se

picture, however, closcly re
sembles that of a tetralogy of Fallot wth extreme pulmonary stcnosu’ ’
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frequently the only pathway by which the blood can reach the lungs Therefore
even during fetal bife blood must flow from the aorta through the ductus ar
tertasus tnto the lungs (see Figure vie7) Since the Jungs do not function and
the pressure within the lungs 15 hugh, the pulmonary bload flow 15 very meager
At burth the heart 1s frequently phenomenatly smll
Immediately after birth, with the expansion of the lungs, the pulmonary ar
culation s established by way of the ductus atteriosus The blood which flows
from the aorta to the fungs 1s fully oxygenated in the lungs and 1s returned 1n
the normal manner to the left auncle and thence to the left ventrcle and the
aorta All the blood 1n the aorta which 15 directed to the systemic arculation 1s
returned by the superior vena «ava and the mferior vena cavy to the right aurs
cle Consequently the volume of blood returned te the nght auncle 15 greater
than that returned to the left aurcle and the pressure i the nght auncle 15
Iugher than that m the feft auncle The mcreased pressure 1n the nght aunde
ends to hold the foramen ovale open and therefore duning the first days of hife
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Diagran vI-3

Tetralogy of Fallot wuth pulmonary atresia

onal
When 2 tetralogy of Fallot 1s assocsared with gﬂlmon:\rz ;1::;2::?\ r:?tdl:‘;:‘gh lh“c
stenosis the course of the arculation 8 altered because o ;
ungs 1y the enure ¢ to the lungs
swec pilmonaty aner 1o he W0 k Hateral arculation de
15 by way of the ductus artenosus Therefore unless extensine collat rlal g
selops early the condion s compatible with e only 25 long as the ductus arteniosu
atent.
rtm;l(r;;p of the blood from the nght auncle flon s 1o the nghe ventncle inasmuch as
there1s pulmonary atresia the blood cannot be pumped from the nght ventricle into
the pulmonary artery All the blood from the nght ventricie 18 pamped out snte the
aorta, which over nides the ventnicular septum and opens direatly into the nght semn
dle. From the sorta the greater part of the blood flows mto the sysiemuc arcutanon and
15 returaed by the supenor and fenor venac canac to the nght wncle Tnasmuch as
there 1s pultmonary atressa the pressure in the pulmonary antery 1 sbnorrmally low and
some blood from the zorta flows through the ductus arteriosus nto the pulmonary
arterses and thence to the lungs The oxygenated blood from the lungs is returned by
way of the pulmonary veinss to the left aunidle Thence at passes to the lefe sentricle and
1s pumped out into the aorta where 1t mixes with the senous blood from the nght
ventncle. There the cycle stans again
The adsusture of artenal and svenous blood 1n the aorta combined with the rela
tvely small volume of blood which reaches the Jungs for oxygenaton causes persistent
cyanosis As the ductus arteniosus closes off Tess and less blood reaches the Jungs, mare
and more bload 1 pumped through the ystemic circulation Conscquently the volume
of blood which 1s returned to the nght aueicle becomes larger and the volume of blood
to the lefe auncle becomes smaller As the pressure 1n the nght suncle nises and the
pressure in the left auncle falls, the valve covenag the faramen ovale 15 forced open

and the venou blood from the night auncle flows nto the lefe auricle, thence 1t flows
10 the left ventricle and out snto the aorta

Cyanoss becomes progressively more mtense The obliteration of the ductus ar
tenosus wsually renders the condion incompauble with e The durauon of hfe and

the amount of hyperirophy of the night ventnicle depend upon the rate of cbluteration
of the ducrus anenosus

Chintcal diagnosis Cyanos:s 1s intense The onset of parotysmal dyspaca oceurs
carly tn b The attacks may be long and severe and profrzess o foss of consciousness
The infant gans weight slowly and may cease to gain The heart ts small The
mur if present 15 systolic 1n time Duagnosts 15 ba g

sed primanly on x cay findiny
S
Viewed m the antenor pastertor po stion the heatt 55 essenuially normat <omog\n

with no fullness of the pulmonary copus Tn the )
¢ left antenor-obliqu
veatncle ss enlarged the left ventncle 1s relamely sm: ey e nght

all and the pul,
unduly clear, the heart 15 Jike g htele round apple The :\ecxrg:n:(\!m::)\'n:w:dm‘ M
night axis devianon and evidence of 1 ght ventricutar hypertrophy oo shaws
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Cyanoss usually becomes evident between three and srx months of ane
Oftenat fist the wnfant suffers from attacks of cyanosts wnd parotysml dyspner
Then after a number of such cpisodes cyanous tecomes persistent Sometimes
115 not until the mfant begins to W all. that cyanosis becomes apparent In sare
snstances, even 1n childhood, cyanows 1s apparent only upon exercise Although
the desclopment of cyanoss 1s alays distressing to the parents, the later tts ap-
pearance, the less severe s the pulmonsry stenosis Therefore, when cymoss 15
not suspected until early childhood, parents can be gnven the consolation that the
pragrosss is relunely better than 1f the cyanosis had dev cloped at an earher ape

The sneensity of the cyanasis vanes with the amount of available hemoglobm
and the percentage of reduced hemoglobin i the circulaung blood The lanter
depends upon the degree of the pulmonary stenosts and the extent of the dex-
twagatan of the aorta After the closure of the ductus antenosus, cyanoss 1s
almost always present 1€ the stenosss 1s extreme, ¢yanosis appears carly and be
comes tense Some patients show a purple glow over the entire body Neser
theless, 1t 1¢ 1nportant to emphasize that many infants may suffer from severe
degrees of anokemra with only munimal cyanosss

Polycythema although seldom pre<ent m early infancy, ss the rule m cinf
dren and adults who suffer from anoxemia It usually develops simultancously
with the development of the collateral xreulation, wnd hence after the closure
of the ductus artertasus The rate at whach polycythema develops depends upon

the degree of oxygen unsaturatton of the artenal blood and the demands of the
bady for oxygen The red blood cell count, the amount of avajable hemoglabin,
and the hematocrit reading usually reman withen nosmal hmats for the first sx
months of hife It 15 for this reason that cyanons 25 30 much fess conspicuous 1n
wnfants than n children Indeed, onl} 1n patients with severe pulmonary stenosts
1s there marked polj cythenua by twso years of age
In chuldren and young adules che development of polyeythenua 1s the sule
The red bloed cell connt 15 usually betw een 6 and 10 million and may occasion
:\HY reach 11 or even 12 millon The amount of avatlable hemoglotua and the
ematoent reading are proportionatly wereased The hemoglobm tmay seach 22
E::‘:;Snfg ;4: f[::r‘; :f;:l:a The hematocnt seading 15 usuafly between 6o and o per
The blood p[atcletr;cztm z r:lsc al:’mc opero
fibrinogen becomes abnorm‘lll;l)oy ccome markedly seduced and the blood

W, as the blood becomes abnormall
though the dlotting time remarns normal, the clot becomes n:::\clyydf::;!t\’l"
id

These changes probably express an atempt on the body s part to compeneate §
o1



20 SPECIFIC MALFORMATIONS

CLINICAL FINDINGS
The clintcal findings vary with the severtty of the pulmonary stenosis As
previously mentioned, so long as the ductus arteniosus remains open the com
bined flow of blood to the lungs through the pulmonary artery and through the
ductus arterosus may be sufficient to prevent “visible” cyanosts
It 1s worthy of note that in Sandifort's case and in the first case reported by
Peacock both physicians stressed the fact that the patient was perfectly normal
at birth Furthermore, Sandifort postulated that the normality of color during
early infancy was probably due to the flow of blood through the ductus Botalls!
Defficulty in feeding, fultre to gan, and stunting of growth may be the first
mndications of an abnormality These difficulties result from an inadequate sup
ply of oxygen The mfant gains weight very slowly because he simply cannot
digest much food Small and frequent feedings may help Many nfants develop
severe anemua, which adds to the difficulty Cessarion of weight gam 1s a serious
manifestation and 1s usually indicative of an extremely low artersal oxygen satu
ration During childhood the patient generally improves but growth s slow The
onset of puberty may be delayed, nevertheless, the majorsty of indrviduals with
a tetralogy of Fallat attamn full physcal development
Attacks of parorysmal dyspnea are common i infants with a tetralogy of
Fallot These atticks may be precipitated by nurstng or by bowel movements,
occasionally they occur without provocauon The infant becomes very cyanotic,
respiranions arc rapid, and there 1s often difficulty 1n espuration These ttachs
may progress to loss of conscrousness and may even cause convulsions They ap
parently occur at the time when the ductus arterrosus 1s undergoing obhiteration
The perod of greatest difficulty 1s usually between the ages of «ix and eyghteen
manths From exghtcen months to two years of age the infant holds lus own
Duning this time the attacks of paroxysmal dyspnea decrease and then cease,
thereafter the child starts to xmprove For the treatment of paroxysmal dyspnea,
see below and also Chapter
Loss of consciousness 15 always 1 serious mamfestation Infants seidom lose
conscrousness unttl the ovygen saturation of the artenal blood falls to 12 per cent
It may fall even lower An extremely low arterial ovygen saturation should
never be dismussed s 1 technical error, nor should 1t be assumed that the sample
was taken from 1 vein, because the oxygen saturation of the arterral blood can be
extremely low When the artenal saturation 15 only To or 12 per cent, there 15 real
danger thata further fall may be fatal Indeed, such 1s the probable cause of sud

den death, which occasionally occurs
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Frouke -8 Squatung

Although the habst of squatung 1s charactersstic of children with a tetralogy
Fallo, 1t 13 niot hmsted to this malformation Chuldren with 2 complete trans-
sition of the great vessels combined wath pulmonary stenasis also squat when
ed The reason why these chaldren squat 35 not known Osne chuld, who was
n years of age, rephied to the author s query as to why he squatted  Cant you
e? It cuts off the arculation to my legs and increases the arcnlation to my
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the increased viscosity of the blood, they lessen the danger of thrombosis but
merease the patient’s tendency to hemorrhage
Telangsectases and purpuric eruptions frequently develop over the lower ex-
tremuties 1 patients with long standing polycythemia Such eruptions are gen
erally assocated with didatation of the capilfanes and may be related to the
changes 1n the clotting mechamsm of the blood
Clubbing of the extremities develops as the red blood cell count nises It 1s the
result of the compensatory polycythermia, the dilatation of the capillarses, and the
persistent oxygen unsaturation of the arterial blood With extreme polycythenua
the fingers and toes may show drumstich. deformties After successful operation
even pronounced clubbing may eventually disappear
Dy sprea on exestion 1s common The pattent’s abshty to exercise may be ex-
tremely himited Although the heart rate mereases with everaise, owing to the
pulmonary stenoss the cireulation to the lungs cannot be sgmficantly increased
The consequence s that, with an increase i the minute volume, the amount of
blood which reaches the lungs remans constant and the increase 1n the heart
rate causes more venous blood to be pumped into the systemic arcutation There
1s 2 fall m the oxygen saturation of the arterial blood For a short period of time
the mcrease 1n the heart rate may suffiaently compensate for the fall m the
arter1al oxygen saturation to matntain or even to sncrease the supply of oxygen
to the body Nevertheless, the oy gen saturation of the artersal blood falls rapsdly
and to such a low level that the patient develops dyspnea and a corresponding
increase n the intensity of the cyanosis
Squattng 1s a common habit among chuldren with a tetralagy of Fallot (see
Figure vi-8) These children are able to get their breath more easily 1 this post
non Sometimes the child runs for a shert distance and then suddenly squats
down The author had one pauent who walked 1n a squatting posiion The
benefit which may be demnved by squatting was delightfully dllustrated by an
other patient, who could play football but could not partcipate 1 any other
sport Football was passible because, as he said, All the chuldren ran and squat
ted down and ran agan
Children with severe pulmonary stenosis frequently desire to sit crouched on
their legs They usually like to cross their knees and, if allowed, wall double up
the knees and sit leaning sightly fornard wath the chest upon the hnees Most
of these infants and children, when extremely fatigued, automatwally assume
the knee chest position, lying with the weight of the thorax on the shoulders and

nech
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Fioure v-§  Squatung

Although the habit of squattng 15 charactensue of children with 4 tetralogy
of Fallat, 1t 15 not fymited to this malformation. Children with a camplete trans
position of the great vessels combined with pulmonary stenosts also squat when
ured The reason why these children squat 1s not hnown One child, who was
ten years of 4ge, rephied to the anthor s query as to why he squatted “Can’t you
see? It curs off the urenlanon to my Jegs and increases the arculavon to my
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the mcreased viscosity of the blood, they lessen the danger of thromboss but
increase the patient’s tendency to hemorrhage

Telangiectases and purpuric ernptions frequently develop over the lower ex
tremities 1n patients with long standing polycythemia Such eruptions are gen
erally associated with dilatation of the capillaries and may be related to the
changes in the clotting mechamsm of the blood

Clubbing of the extremuies develops as the red blood cell count rises It s the
result of the compensatory polycythema, the dilatation of the capillares, and the
persistent oxygen unsaturation of the artersal blood With extreme polycythemia
the fingers and toes may show drumstick deformities After successful operation
even pronounced clubbing may eventually disappear

Dyspnea on exertion 1s common The patient’s ability to exeraise may be ex
tremely limited Although the heart rate increases with exercise, owing to the
pulmonary stenosis the airculation to the lungs cannot be sigmificantly mncreased
The consequence 15 that, with an increrse 1 the minute volume, the amount of
blood which reaches the lungs remarns constant and the increase 1n the heart
rate causes more venous blood to be pumped 1nto the systemic carculanion There
1s a fall in the oxygen saturation of the artenial blood For a short period of time
the mcrease m the heart rate may sufficently compensate for the fall in the
:uTCrml OngCn sturation to mamtain or even to increase [hc supply of OY}gCn
to the body Nevertheless, the oxygen saturation of the arterzal blood falls rapidly
and to such a Jow level that the patient develops dyspnea and a corresponding
1ncrease 1n the intensity of the cyanosis

Sguatting 15 a common habt among children with a tetralogy of Fallot (see
Figure vi-8) These children are able to get their breath more easily 1n this posi
ton Sometimes the child runs for a short distance and then suddenly squats
down The author had one patient who walked 1n a squatting posiion The
benefit which may be derwved by squatting was delightfully illustrated by an
other patient, who could play football but could not particrpate 1n any other
sport Football was possible because, as he said, “All the children ran and squat
ted down and ran agan ”

Children with severe pulmonary stenosis frequently desire to sit crouched on
therr legs They usually like to cross their hnees and, if allowed, wall double up
the knees and sit leamng slightly fors ard with the chest upon the hnees Most
of these mfants and chuldren, w hen extremely faugued, automatically assume
the knee chest position, lying with the weight of the thorax on the shoulders and

neck
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abletoworh exght hours a day and complamned onty of shght faugue at mght{alt
even though he had an oxygen saturation of the artertal bload of only 54 per
cent Tndeed, he was so well adpusted that he desired operion only provided
\twould fit hum for multtary service Inasmuch as this was not possible, operation
was not undertahen

The blood pressure 15 often difficult to obtain because the pulse 15 weal. and
the pulse pressure s narzow The strength of the pulse, hon ever, 15 equat in arm
andleg

Systemec by pertension 1s rlunely common n patients W ith 7 tetralogy of
Fallot, especially when the pulmonary stenosis 1s extreme The cuology 15 nat
clear Tt may be sccondary to the renal complicanions which frequently occur in
patients with long standing polycytherma Elesaton of the nonproten mtrogen
15 refainely common Furthermore, 1t may return ta a normal Yeved after a suc
cessful anastomosts and the blood pressure may atso become lower

Hematrophy 15 relatnely common 1n pauents with a 1aralogy of Fallot
Whent does occur, the aorta almost smvanably, if not imvanably, arches toward
the normal side of the body This phenomenon occurs so regularly that 1 pa
tient has a feft bemmatrophy one can pastutate that hehas a sight aosue arch

CARDIAC FINDINGS

The heart 1s uswally strikingly small The malformation 1n atself places 1 can
stant load on the heart and does not cause progressve cardric enfargement
Therefore the heart usuaily remains within normal imuts Indeed, 1 patients
with a severe degree of pulmonary stenosss or atresia, the heart may be excep
tonally small The nght ventricular wafl s, however, alw ays ancreased 1 thick
ness and may become sufficiently enfarged to press aganst the anterior chest
wall and cause Jeft sided chest deformuy

Murmurs are frequently absent during the first days of hife and the mfant 15
wonsidered normal By the (nd of the first week, honerer, « murmur 3 vsuall
sudible 10 sy stofrec 1 ume and of maximal mtensity alang the left steenal ::oy
der Tumay be heard postenorly but s wsually nat transmtted to the vessel | f hr
neck Such murmurs are often better heard i the recumbent than . Ch5 o
posttion but occastonalty may be heard only when the patient 15 )camm ; o

The intensity of the murmur vanes mersely with the seversy nfn{};x o
nary stenosis A mild pulmonary stenosis causes a loud ! it (he pulmo
whereas 1f there 15 extremely severe pulmonary stenasts SYl“O e,
even though there 1 dextroposition of the aorta, no e oAty atesia,

+ DO murmur 1 audible Conse
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lungs " That may be the correct explanation Certan it 1s that these chuldren get
thess breath more easly 1n 1 squatting position
The evercise tolerance of these chuldren vanes with the sesensty of the pul
monary stenosis and with the extent of the collateral circulation It also varies
in the same indssadual from day to day Almost cvery chuld will say that “on
good days” he can do thus and so, and that * on bad days” he can walk only a
short distance or just a few steps Indecd, on very bad days he may be bedndden
Estremes of heat and cold and damp weather lessen his exercise tolerance, dry
arr 15 a great boon Consequently the dry air at 1 hugh alttude may be better
tolerated than the damp air at sea level
In some children with a tetralogy of Fatlot exercise causes the oxygen satura
tton of the arterial blood to drop so rapidly that they can walk only a few steps
before squatting to rest, whercupon the oxygen saturatton of the arteraal blood
nises with equal rapidity 1nd to such 1 beight that there 1s no sumulus for the
development of polycytherma Such patients have a normal red blood cell count
and at rest may show no cyanosts Indeed, the color may be so normal that the
famuly does not rehize that the chuld 1s cyanotic The author knows of one 1
stance 1n which the parents sought the aid of a psychiatnist because the chuld de
veloped the habt of squatting Except for the absence of cyanosis, such children
have a typical tetralogy of Fallat, hence the condition has been called an “acya
nottc tetralogy of Fallot
The development of collaseral circlarion and that of polycythema appear to
go hand 1 hand As these mcrease, the ovygen saturition of the artenal blood
nises The first indication of thus may be a decrease 1 the number of attacks of
paroxysmal dyspncr Later, as the chuld grows, hus exeraise tolerance usually
increases He looks more cyanotic but he s stronger By the tune the chold
reaches puberty he may be able to walk for considerable distances at a stow pace
and generally no langer feels the need to squat This 1s due 1 past to the mncrease
1n the oxygen saturation of the artenal blood and 1n part to the fact thut the
collateral circulation develops from the systerme arculation Consequently an
wnierease i the systemic bload flow tends to increase the flow of blood through
the collateral vessels This results in an tncrease i the pulmonary blood flow
Over a pertod of yeass the avygen saturation of the artertal blood gradually
rises, so that rost young adults have 1w oxygen saturatton between 70 and 8o
per cent at rest and show a less marked fall 1n the oxygen saturation upon exer
cise Even when the oxygen saturation of the arterial blood remuns low 2t 15 re
rmarhable how well these patients adjust The author had one patient % ho was
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Anterior posterior position

Left antersor-obhique posiion

Fiouss vi-g Tetralogy of Fallot with funcuonal pulmonary atresta Infant
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quently the intensity of the murmur offers a clue to the seventy of the pulmo
nary stenosts

A systolie thrill s generally palpable if the murmur ss moderately loud

The prlmontc second sonnd 1s usually famne but sudible The small size of
the pulmonary artery, combmned with the small volume of blood which 1s forced
through 1ts orifice, renders the closure of the pulmontc valve difficult to hear
Nesertheless, the aorta may be displaced so far ta the left that the closure of the
aore valve 1s better heard to the left than to the night of the s(cmum\éonsc-
quently, when the second sound to the left of the sternum 15 greater than the sec-
ond sound to the right of the sternum, 1t 15 strong presumptive esidence of ex-
treme dextroposition of the aorta

A third heart sound, or even 2 gallop rhythm, 1s seldom heard 1n patients
with a tetralogy of Fallor The occurrence of a gallop thythm 15 always indica
tve of a farhing heart

Cardrac farlure g5 rare m patients with a tetralogy of Fallot Qccasionally an
tnfant with severe anerma and a tetralogy of Fallot may suffer from cardiac difa
tation and cardrac failure Such infants develop engorgement of the Iiver but,
owing to the madequate blood flow to the lungs, these patents seldom suffer
from pulmonary congestion

X RAY AND FLUORCSCOTIC FINDINGS

X ray and fluoroscopc findings vary with the age of the patient and the
sevenity of the pulmonary stenosts

In infants with anatomical or functiona) pulmonary atresia the heart 1s fre
quently phenomenally small, as shown 1 Figure vi-g (A-P position) and Fig
ures vi-s0 and 11 In the left antertor obhque position the enlargement of the
right ventricle 1s usually apparent The heart has the appearance of a Inttle round
apple with a stem at the base Thus shape 1s caused by the enlargement of the
ght ventricle combined with a small Jeft venericle The absence of the pulmo-
nary artery renders the pulmonary window abnormally clear and makes the
a0rta look like the stem of an apple, as shown in Figures vi-g, 12, and 13 (LAO
posuton) When there 15 pulmonary stenosts, the heart 13 remarhably normal in
size and shape {see Figure vi-14)

As the patsent grows and the diaphragm descends, the heart assumes a char
acterstic contour In the anterior postertor posttion the heart appears to be nor
caal 1n size but, owing to the stenosts of the wnfundibutum of the night ventn

cle, there 1s no fullness n the region of the pulmonary conus ‘The upper margin
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Anterior posterior posinon

Left anterioroblique positsan

Fioure vig "Tetralogy of Fallot with funcuonal pulmonary atresia Infane
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Fieure vi-10 Tetralogy of Fallot with functional pulmonary
atresia (same patient as in Figure vi-12) Infant

Eop gus

Esophogus
~

»
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Fioure vi-1t  (A) Tetralogy of Fallot with functional pulmonary
atresia and (B) normal heart Infant
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Right antenior-oblique position

Froure v~z Tetralogy of Fallot with funcuonal pulmonary
atresia (same patient as in Figure vi-10) Infant
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Ticure vi-to Tetralogy of Fallot with functional pulmonary
atresia (same patient as in Figure vi-12) Infant

FiGuRre vI-11

£op agus

e [

(A) Tetralogy of Fallot with functional pulmonary
atresia and (B) normal heart Infant
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Froure vi-14  Tetralogy of Fallot with severe pulmonary stenosis
(same pattent as 1n Figure vi-r) Infant

of the cardac silhouette to the left of the sternum, 1n contrast to the normal con
tottr, 15 concave {see Figures vi-15 and 16)

The small size of the pulmonary artery combined wath the partial rotation
af the great vessls causes the shadow cast by the great vesscls to be narsow Con
sequently the contour of the heart 15 that of a coear en sabot or ‘boot shaped
heart , this has been repeatedly emphasized by numerous observers™ ' and
15 show n 1n Figures vi-17 and 18

A right aortic arch 1s relatvely common 1n this malformation "This condition
15 not to be confused with dextroposition of the aorta In the latter the aorta
over rides the night ventricle, whereas the charactersstic of 2 nght aortic arch 15
that the aorta arches to the night Inasmuch as this varant occurs 10 approxs
mately 25 per cent of all patients with a tetralogy of Fallot, the possibility should
always be mvestigated (see Chapter xxv1) When the aorta arches to the night,
the heart 1s usually long and narrow and uts left border shows a shight concnvuy,
or a gentle slope (see Figures vi-1g and 20) The aortsc knob 55 frequently visy
ble to the right of the sternum withun the shadow of the superior vena cava
Even when the x ray or fluoroscopic examination does not show the aort
the nght, upon delineation of the esop) orta on

hagus by barum.
-opaque muxture, the
esophagus 1s seen to lie to the left of the great vessels Under such cucumsr:l;)ccs
)



30 SPLCIFIC MAI FORMATIONS

LEFT ANTERIOR OELIQUE POSITION

RIGHT ANTERIOR-QBLIQUE 1QSITION

Froure vi~13  {A) Tetralogy ot Fallot wth functional pulmonary
atresia and (B) normal heart Infant
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Fievs vi-tg Tetralogy of Fallot with severe pulmonary stenosis
(same pauent as 1n Figure vi-1) Infant

dfthe cardrac silhouette to the left of the sternum, 1n contrast to the normal con
o 15 concave (see i, gures vi-15 and 16)

The small size of the pulmonary artery combined with the parunal rotation
e great vessels causes the shadow cast by the great vessels to be narrow  Con
“quently the contour of the heart 15 that of a coenr en sabot or boot shaped

bare”, thyg fag been repeatedly emphasized by numerous observers™ ¥ and
sshown m Figuresvi~ry and 18

. n‘:":ih;wmc archas relanvely common 1n this malformation This condition
e lhwnfuscd with dextraposition of the aorta In the latter the aorta
e ¢ nght ventricle, whereas the charactersstic of a nght aortic arch 1s
na g rta arches to the nght Inasmuch as this vanant occurs in appro
dry b)c E: cent of all patients with 2 tetralogy of Fallot, the possibility should
. umc::l?a‘;d (sec Chapter xxv1) When the aorta arches to the ngh,
Hagnen y oan and narrow and 1ts left border shows a slight concavity
ot &C (fxzeh 1gures vi-1g and 20} The aortic knob 15 frequently visy
1 ke fhc ©Of tue sternum within the shadows of the superior vena cava
e g * ray of fluoroscopic exammation does not show the aorta on
% Upon delineation of the esophagus by barum-opaque muxture, the

8Us ts seen 16 fre to the left of the great vessels Under such aircumstances,
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3

Before anastomosis

After anastomosis

Frours vi-15  Tetralogy of Fallot with a night aortic arch Child
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Fiourg vy Tc(mlogy of Fallot Child



Ficure vi-17  Tetralogy of Fallot with a left aortic arch Adult

-~ Esepfiagus ™

Ficure vi-18  (A) Tetralogy of Fallot with a lefc aortic arch
and (B) normal heart Adult
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Ficure -0

{A) Tezra!agy of Fallot with o nght aortic arch
and (B) normal heare Aduly



36 SPECIFIC MALFORMATIONS

1f encroached upon by the aorta, the esophagus 1s deviated to the Ieft and
dented on 1ts nght margin by the ~orta, as shown i Figures vi-19 and 20 (sce
alsa Chapter xxvr)

In the left antertor oblique position the right ventricle 1s seen to be enlarged,
1t projects forward toward the anterior chest wall Because of the antertor dis
placement of the aorta, the aortic shadow lies farther from the spinal column
and closer to the anterior chest wall than m the normal heart It requires mnt-
mal rotation of the patient for the left ventricle to clear the spinal column The
pulmonary window 1s abnormally clear Furthermore, 1n cases of a right aortic
arch, the relation of the esophagus to the aorta offers additional evidence of the
exsstence of this anomaly It 15 1n this position, and not 1n the night anterior
oblique posttron, that the aorta may be scen to indent the esophagus (see Figure
vi~21, LAO position, and also Chapter xxvr)

In the right anterior-oblique position there 1s no evidence of enlargement of
the left auricle Usually there 15 a strihing absence of the fullness of the pulmo
nary conus (see Figures vi-1z and 13, RAO position) Furthermore, if there 1s
a nght aortic arch, the esophagus 1s seen to descend i a perfectly straght Iine
unrelated to the atch of the aorta (see Figure vi-21, RAQ position)

The hlar shadows should be studied with care Owing to the dumnished
pulmonary crreulation, the Jungs are usually abnormally clear In older children
a tremendous network of small vessels of collateral circulation may develop m
the hils of the lungs, these may become so extensive as to cause an mnerease i
the Iular markings If the observer s eyes are fully compensated, these shadows
can be scen to be composed of smll elements of varymng opaaity m which ex
panstle pulsations are virtually never yisible

In the evaluation of the hilar shadows 1t 1s important to remember that de-
velopment of collateral arculation and that of polycytherma go hand i hand
Therefore, 1f polycythermia 1s slight or absent, tacreased vascular markings
should never be attrsbuted to collateral circulation

In patients with only slight cyanoss the pulmonary artery 1s usually rela
tively large and may occasionally show slight pulsattons If, however, the patient
15 mtensely cyanotic, there should be no pulsations 1n these shadows Further-
wmore, as the child grows, the heart and great vessels increase i size It follows
that the pulmonary artery 15 more readily visible 1n ofder chfdren than 1 mn
fants Consequently the hilar shadows should alw1ys be evaluated 1n relation to

the pattent s age and the clinical findings
Shighs fullness of the pulmonary conns occurs in a small percentage of pa
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RIGHT ANTERIOR-OBLIQUE POSITION

Froure vi-2r  (A) Tetralogy of Fallot with 2 right aottuc arch
and (B) normal heart Adult
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Ficure viv2z  Tetralogy of Fallot

tients In such mstances the pulmonary arteries are readuly seen and appear to be
of normal size Thus contour 15 more frequently encountered i young adults
than in snfants, partly because the vessels are larger and partly because the pul
monary stenosts 1s relatively mild Indeed, many of these individuals do so well
that medical attention 15 not sought 1n nfancy and early childhood When the
pulmonary artery 15 relatively large, 1t rases the question of valvular pulmonary
stenosis combined with a fur sized infundibular chamber, or of 2 valvular pul

monary stenosts with an mtact ventricular septum Patients who show such
features may require cardiac catheterization, angiocardography, or both to con

» firm the diagnosis

.

ELECTROCARDIOGRAPHIC FINDINGS

A definite night axis deviation 1n the standard leads and evidence of nght
ventricular hy pertrophy n the umpolar precordial leads are charactenstic of this
malformation, but there 1s rarely the prolongation of the intrinsicord deflection
or the deep mverston of T waves in Vi, such as 1s commonly seen 1n severe
pulmonary stenosts with an tact ventnicular septum  Absence of right ventricu
lar hypertrophy 1n the precordial leads 15 a reason to doubt the dragnosis and 1s-
a definite indication for further studies The P waves are frequently abnormally
tugh and pomted (sec Figure v1-22) The T waves may or may not be abnormal

SPECIAL TESTS

The curculation time (venous to systemic) 1s abnormally short In chuldren
1t 15 usually betw een four and six seconds and 1n adults between erght and twelve
seconds The occurrence of a twenty second arculation time should always
arouse susptcion that the zorta does not over nide the right ventricle
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The oxygen saturation of the arteral blood 15 abnormally o and h{“;{:):g
toseet wath exerase. A rapd fall in the oxygen saturation of the artend
with exerase 15 chasactenst of this malformation When there 1 douz‘ﬁl s to
the presence of cyanosis, exerase W M usually render the cyanasts readily ap-
P“SI“l:c ~uthor had ene panent 1n whom the oxygen saturaton of the artepal
tlaod drapped from 83 per cent to 33 pes cent on shght exernion, and another 1
whom it felf from 41 per cent to 15 per centupon clumbing tss a steps three umes
When the otygen <aturation of the artenal blood 13 bemeen 30 per cent 1nd 35
pee cent the chuld can walk only a few feet When the oxygen saturation 35 be
tween 20 per cent and 25 per cent the chld 1s sehdom able to walk Such 2 chud
has barely enough oxygen to meet the basal requirements of the body
Dusng ifancy the ovygen saturation of the arternal blood may be extraordi
nardy Jow Tt1s quite common to find that the anenal ovygen sataranon drops
to 30 per cent with exeresse ag vigorous crying 1 there 1s a harsh systohie mur-
v, such 2 drop 1n Gxygen sataraton need cause po wndue concern 1€ the oy
gen saturation draps to 20 per cent or less, there 15 reason for concern Most 1
fants lose conscrousness when the axygen saturation draps to 10 per cent ot less
For such an mfant early operation 15 indicated, especally of the murmur 1s famnt
or absent
Effect of exercise on oxygen consumption Usially the pulmonary stenons
15 so severe that the patient 15 unable appreaisbly to snerease the pulmonary
blood flow with exeraise Consequently exercise causes both a fall 1n the oxsgen
saturation and & fai} 1 the oxygen consumpuion per hiter of ventilation ** This
testss however, not dagnostic of a tetralogy of Fallor
Carduae catheterszation may be of 21d 1n the confirmanion of the duagnosss,
especrally when there 1s fullness of the pultmonary conus or there are shight pul
sations 11 the pulmonary artenies [n order ta prave the castence of poimonary
stenosts tt1s essential to cathetenze the pulmonary artery and to obtain pressure

readings or pressure tracings 1 the pulmonary artery and 1n the aghe veatncle
The finding of hagh pressure 1n the nght ventsicle,
m the pumonary artery,

combined with Jow pressure
Faflor,

1 mdicamne of pulmonary stenosts In a tetral

due 1o the over nding of the aarta, the prc)s'surc wn the :g:\t \c(:fz:si
ustially approaches but seldom exceeds the systemuc pressire The author h
bowener, seen one patient with 2 tetralogy of Fallot and an extremel sm?\:{
pulmonary artery who ten years after a successful Blalock T: ausng o] crat:]on had
developed extreme right ventrcolar hyperuophy and had 2 prtssurf of 250 m;
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of mercury 1n his right ventracle If the catheter enters the aorta, 1t usually means
tht the aorta arsses 1n part or entirely from the right ventricle
Although the shunt 1s pnmanly from right to left, there 15 usually a small
left to night shunt Therefore 1t 1s common to find a slight mcrease 1n the oxygen
content of the sample of blood taken from the nght ventricle as compared with
that taken from the right auricle, especially when the sample 1s taben from the
autflow tract of the right ventricle, frequently the oxygen content of the blood
mn the pulmonary artery 1s slightly higher than that m the night ventricle Ths
finding 15 cansistent with, but not diagnostic of, a tetralogy of Fallot
Carduac catheterization can definutely establish the diagnosts of a tetralogy
of Fallot, provided that both the aorta and the pulmonary artery are catheterized
and that pressure tracings and blood samples are obtamned from the various
chambers Thus 15, howerer, seldom possible Furthermore, catheterization gives
no clear indication of the degree of dextroposition of the aorta Inasmuch as
cardiac catheterization seldom definitrvely establishes the diagnosis, if the chm
cal findings are characterstic of a tetralogy of Fallot catheterization 1s not a
prerequisite for operition
Angracardiography 1s the most useful test i the demonstration of dextro-
position of the aorta When the aorta arises 1n part or entirely from the night
wentricle, 1t 1s the rule to see dense filing of the aorta which occurs simultane
ausly with the filling of the pulmonary artery (see Figure vi-23) This, how
ever, does not always occur The author has studied one mnfant 1n whom, al
though the aorta did not fill untl after the dye had circulated through the lungs
and returned to the left auncle and left ventricle, operation revealed a fauly
large ventnicular septal defect and an over nding aorta Furthermere, ango-
cardiography does not gre rehable evidence concerning the size of the pulmo-
nary artery ‘The pulmonary artery may appear to be of moderate size 1n the
angrocardiogram and prove to be extremely small at operatton, or the reverse
may be true
The aorta 15 usually better visuahized mn the anterior posterior view than n
the Interal view Therefore, when only a small amount of dye 1s shunted into
the aorta, carly delincation of the aorta may be seen in the anterior postersor film
and not 1n the lateral film Nevertheless, lateral films arc essentral in order to be
sure that there 1s no dye 0 the left auricle If dye 15 immedately shunted mnto
the left ausscle, there 1s either an auncular defect or patency of the foramen
ovale In either case dye may reach the aorta by way of the left ventricle sumul
taneously with the filling of the pulmonary artery from the nght ventricle Con
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Froure viag Tetralogy of Fallor Child
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of mercury 1n his nght ventricle If the catheter enters the aorta, 1t usually means
that the aorta arises 1n part or entirely from the night ventncle
Although the shunt 1s primanly from nght to left, there 15 usnally a small
left to-right shunt Therefore 1t 1s common to find a slight ncrease in the oxygen
content of the sample of blood taken from the nght ventricle as compared with
that taken from the night auricle, especially when the sample 15 taken from the
outflow tract of the nght ventricle, frequently the oxygen content of the blood
n the pulmonary artery 15 shghtly higher than that in the nght ventricle Ths
finding 15 consistent with, but not diagnostic of, a tetralogy of Fallot
Cardnac catheterization can definstely establish the diagnoss of a tetralogy
of Fallot, provided that both the aorta and the pulmonary artery are cathetersized
and that pressure tracings and blood samples are obtained from the various
chambers Thus 15, however, seldom possible Furthermore, cathetertzation gies
no clear indication of the degree of dextroposition of the aorta Inasmuch as
cardtac catheterization scldom defimtively establishes the diagnosts, 1f the chm
cal findings are charactersstic of a tetralogy of Fallot catheterization 15 not a
prerequisite for operation
Angrocardrography 1s the most useful test in the demonstration of dextro-
positton of the aorta When the aorta arises 1 part or entirely from the night
ventricle, 1t 1s the rule to see dense filling of the aorta which occurs simultane
ausly with the filling of the pulmonary artery (see Figure vi-23) Thus, how
ever, does not always occur The author has studied one nfant 1n whom, al
though the aorta did not fill until after the dye had crrculated through the Iungs
and returned to the left aunicle and left ventricle, operation revealed a farly
large ventricular septal defect and an over nding aorta Furthermore, angio-
cardiography does not grve rehable evidence concerning the size of the pulmo-
nary artery The pulmonary artery may appear to be of moderate size 1n the
angtocardiogram nd prove to be extremely small at operauon, or the reverse
may be true
The aorta 15 usually better visualized 1n the anterior postertor view than mn
the lateral view Therefore, when only 2 small amount of dye 1s shunted 1nto
the aorta, early delineation of the aorta may be seen 1n the anterior postersor film
and not n the lateral film Nevertheless, lateral films are essentzal 1n order to be
sure that there 1s no dye in the left auricle If dye 15 smmeduately shunted into
the left auncle, there 1s erther an aurtcular defect or patency of the foramen
ovale In ether case dye may reach the aorta by way of the left ventricle simul-
taneously with the filling of the pulmonary artery from the night ventricle Con
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trophy As the ductus arterosus undergoes obhiterauon, the mnfant w \&:’\: tetral
oy of Fallot usually develops parosysmal dyspnea and persistent cyan s“ s

1n an ofder pauent the fustory 1 signuficant 1 that cyanosis usuaily ',\(cl
from wfancy and that 1n childhood squatipg Ww1s 3 comman habit Physica
examunation reveals cyanosts and clubbingyin combnation « 1th a heart of nor
mah size Usually there 1s 2 systalse musmue and @ thrall mn:?l along the kelt
sternal border The second sound at the base 15 fasnt and pute he ¢ ray shows a
cancave cunv e at the base of the heart to the Jeft of the sternum The pulmonary
artexes may at may ot be seen The aorta may arch enther to the nght or to the
feft. Upon fluoroscopy hular pulsations are st of absent The electrocardio-
gram shows a ight axs devsation and evidence of nght vemneabar hy pertrophy

[ generaf, the more severe the pulmonary stenoas, the clearer are the lung
fields and the famter 1s the murmur {n older panents collateral arculanon de
velaps and polyeythemua increases With mtense cyanosis and marhed polyey
themma, the hilar shadows may become accentuated 1 however, there 15 no
polycythemua, dense hilar shadows should not be attributed to collateral areuta
tion By and Jarge 1t 18 rase for an adult with 2 tetralogy of Fallot to have no
murmur because 1t 1s rare for an individual with a retralogy of Fallot and 2
severe pulmonary stenosss to Ine to aduly life If there ts no murmur and also
no great himtation of actvity, the patient does nat hase a tetealogy of Fallor

DIFFERENTIAL DIACKOSIS

A tetralogy of Tallot must be differentiated from a small ventricular scptal
defect trscuspid atresia, truncus actessosus with reduced pulmonary blood flaw,
and complete transposion of the great vessels with or without pulmonary
stenosis, sometmes from a sngle ventnele with palmonary atrens, or even
from pure pulmonary stenosss, and occassonally from primary pulmonary
hypertension or defectise development of the nght ventrice with pulmonary
stenosss, ot even from the Exsenmenger complex and Ehstein's anomaly of th

neuspid valve e

A sentricular sepial defect of the matadie de Roger type may require differ
entiation from a tetralogy of Fallot in early mfancy before the ap?)(:amnC: of
;YEO:‘:),;, :xm;;:t \mt;xcular septal defect may, 1n early infancy, be assoctated

ght avs deviation, but the precordiaf feags seldan
fo hv);:mophy of exther the right or the left sentricle trcio:::\ :::\:c:ic::z
rigot ventricular hypertraphy durng the ficst months of life u; annf:
2 harsh systolic rourmur should arouse suspicion that o

the condition may prove
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Fieure vi-24  Tetralogy of Fallot Chuld

Selective angiocardiogram wath dye injected into
the outflow tract of the nght ventricle

sequently, 1n the presence of a shunt at the auncular level, 1t 15 impossible to
prove the dextroposition of the aorta by a venous angiocardiogram In such mn
stances, selective angocardiography wath dye njected into the nght ventricle
eliminates the possibility of a shunt at the auricular level This techmque 15 also
best for the visualization of the outflow tract of the nght ventricle, as shown in

Figure vi-24

DIAGNOSIS

A tetralogy of Fallot with severe pulmonary stenosis or pulmonary atresta
15 to be suspected 1n an anfant with a heart of normal size and no murmur, who
has ceased to gain weight and suffers from severe attacks of paroxysmal dyspnea
If the x ray shows a small heart and phenomenally clear lung fields and the clec
trocardiogram shows both a iight aws deviation and evidence of nght ventricu
1ar hypertrophy, such an infant almost certanly has a tetralogy of Fallot and 1s
1n danger of dying from anoxemia

A tetralogy of Fallot with pulmonary stenosis 1s to be suspected 1n a young
infant with normal color, a heart of normal size, and a harsh systolic murmur,
f the electrocardiogram shows evidence of definite nght ventricular hyper
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Pulmonary stenosts with an ntact centricufar septtem M3y ocms}‘\on::?;n :
qusee defferentiation from a tetralogy of Falfot In carly anfancy it1s the
ditsons which causes the confusion Intants with
wy of the heart 1n the o con ) i 2 tetdlogy of
pce pulmenary steaoss usually gan better than those w4 o %
Eaflot and they do not suffer from attacks of paratysm al dyspnea Es xl ence
progressive carduac enfargement should always suggest that the pulmonary
eosis 15 associated with a closed venmeylar septum The clectrocasdiogram
frequently shows eyidence of nght ventnicular * stemn_n pure pulmonary ste_y o
nosss and only rarely does this ocaur 1 3 tetralagy of Fallot
T older children and young adults the contours of the heast may oceasion
ally be quite simslar 1 the two conditons A hustory of squatung, combuned
with macked hmnttation of exeraise and a sharp fall 1n the oxygen saturauon of
the arternl blood upon exercise, 15 strongly suggestive of a tetralogy of Fallar
In the rare pattent who, upon fluoroscopy, does show fullness of the pulmo-
nary conus and slight pulsations 1n the main branches of the pulmenary arters,
carduac catheterizanon or angiocardiography may be mecessary 1n order to de
termine whether or not the zorta over nides the nght ventricle If, npon cathe
tenzatian, the catheter enters the aorta, 1t 35 proof positive that the aorta anses
1t part or entirely from the nght ventnde On the other hand, if the pressuse 1n
the nght ventnicle 15 definutely hagher than the systemic pressure, that 1s usually
good evidence of an antact vemncvlar septum Angrocardiography shows that
10 2 tetridogy of Fallot the dye enters the aorta promptly and 1n 2 lgh concen

tranon whereasin pure pulmonary stenosis the dye ingers for a Yong ume an
the maw pulmonary artery

Primary pudaanary bypertension may be confused with 4 tetsalogy of Fallor
dunng the first months of hfcBoth malfarantions may cause deep ¢yanosts
Furthermore, the contours of the heart cuay be closely samilar before the pufmo-
nary artery becomes dilated In primary pulmonary

hypertension the nfant,
though cyanotic,

daes nat suffes from attacks of gararysmal dyspnea, the pul
monary second sound 1s uswally accentuated Qver a peiod of wanths the heart
shows progressuve carduac enlargement, which wnmeduately difeceseates the
conditton from a tetralogy of Fallot In doubtfuf cases carduae catherenzation
will readily differentiate the two condittons, as 1 a teteslogy of Fallot the put
mor;’:y ;;:ressurc 1slow, whereas 1n 2 pmary pulmonary hypertension 1t 15 hfgh
at ;‘._ :;::1;7;:;3:; :amy!rx should not be confused with a tesralogy of Fallot

of cyanoss, the ancreased saseufant
3 y of the hular mark
mg:[ and the presence of a hiar dance 4l difleventiate thss condution from 2
tetralogy of Fallot In the less severe cases the rurmur 1n 2 tetralagy of Fallor
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t0 be a tetralogy of Fallot Nevertheless, as long as the nfant 15 doing well and
gaming weight there 15 no cause for concern and no necessity for specral studies
to determine the exact nature of the malformation
Jém:ptd afresia1s assocsated with electrocardiographic evidence of a left axis
devration and of left ventricular hypertrophy This finding readily differentiates
1t from a tetralogy of Fallot
Truncus arteriosus with marhedly reduced pulmonary blood flow may be
confused with a tetralogy of Fallot 1n which there 15 a severe degree of pulmo-
nary stenosis 1n early infancy In a truncus arteriosus the heart 1s usually en
larged and occupies a horizontal position and the pulmonary artery cannot be
visualized Cyanosts dates from birth and 1 mtense, polycythemua develaps early
but 1n spite of this the infant does better than might be anucipated Such m
fants rarely suffer from attacks of paroxysmal dyspnea
Complete transpositson of the great vessels may occasionally be confused
with a tetralogy of Fallot In infants with a tetralogy of Fallot the lungs are
remarhbly clear;%vhereas 1n complete transposttion of the great vessels the
vascular marhings extend nearly to the periphery of the lungs
Durning infancy, when 1 complete transposition of the great vessels 1s com
bined with a severe pulmonary stenasis, the condition may be extremely difficult
to differentiate from a tetralogy of Fallot 1n which the pulmonary stenosis 1s
severe The quality of the second sound at the base 1s of prime diagnostic value
In a tetralogy of Fallot with pulmonary stenosss, the second sound at the base
to the left of the sternum 1s faint, whereas in a complete transposion of the
great vessels the aorta lies far to the left and close to the sternum and conse
quently the second sound 1 this area 1s accentuated
Complete transposition of the great vessels may oceastonally be compatible
with hife for a number of years, especally when there 1s pulmonary stenosis In
childhood this condition may be confused wath that of a tetralogy of Fallot with
extreme pulmonary stenosis Patients with both types of malformations are
severely ncapacitated and frequently squat when tired Cyanosss and polycy-
themua are mtense In patients with complete transposition of the great vessels,
stunting of growth may be extreme The systolic murmur 1s usually not very
loud, but the second * pulmontc’ sound 1s loud and may be reduplicated The
confuston m diagnosis arises because the increased vascular markings are mnter-
preted as due to collateral arrculation In a complete transposttion of the great
vessels the vascular markings extend to the periphery of the lungs, furthermore,
¢ usually better scen 1 the x ray film than upon fluoroscopy (see Chap

they ar

terx)
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when one pujmonary artery 15 W ol visualized and no dye enters the other pul
monary artery {see Figure vi-35) Needlesstosay, +f an anastomosts 13 to be per
formed, 1t must be performed on the side on which there 15 2 pulmonary artery

Pulmonary wsufficrency ocenrs in the rare snstances 1 which the pulmonary
valves are absent Such cases, which axe aumilar to the one mentioned 1n Chapter
1t have been reported by Mifler et at * "The pulmonary insufficiency causes an
early diastolic murmur which 15 audible along the Teft sternal border Such a
mursmur may also be caused by aortic nsufficiency, but thes s rare and almost
tavartably due to acquired discase, therefore st s seldom heard 1 wnfancy

A partiat anomaly of the venons return may occug Such an anomaly 1 com
pensatory in that 1t increases the oxygen content of the blood 1n the nght ventr
e 16 total correction 15 undertaben, this abnormality, teo, wall require correc
ton

Large ventricular septal defects may be associated with nnld pulmonary ge
woss In such mstances there 15 a farge left to-nght shunt and suffuent pulmo-
wary stenosts 1o break the force with which the blood 1s ejected ta the Jungs The
mcreased work required of the night ventncle causes the stenotie area to hyper
trophy and consequently the pulmonary stenosis may become progressisely
greater Overa pertod of years some infants who suffer from a Jarge left tonght
shunt deselop pul ¥ stenosis Oc lly the pul y stenosts becomes
s great that the direcuion of the shunt 15 reversed and the patient suffers from
teduced pulmonary flow Thus the condition develops into a tetralogy of Fallor
Gasuletal hase seported a number of such patients who 1o carly nfancy suf
fered from a large left tonght shuat and who subsequently suffered from e
duced pulmonary blood flow When closure of the ventreular septal defect

becomes a safe procedure for infants, such snfants m
2y be benefited b
rection of the defect (sec Chapter wn) by el cor

COMPRLICATIONS

'll'(hc major complications ate due to anovemta and polycythemna and to the
n;:u ed increase 1n the viscasity of the blood, 2nd alsa to the alteration 1n aty
¢ ot;mg ;ncchamxm which develops to compensae for the mereased siscosit

Ly
(scc Cg ral M';m'yiom 15 by far the mest common of the sersous comphca)uans
apter v) Thromboses are hable to
occur when
exteeme Muluple minute thro Doy beconss

v e e e thr:)b{:;cs are relatrsely comtaon, large thromboses
0515 15 1ncreased by dehyd
ration
duning infectsons and 1n hat weather, care should be mkcnio m1 ; ecrs
1

ain a high
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15 always loud, whereas 1n an Exsenmenger complex 1t 15 subject to great vana
tionnntensity The second sound 1s never reduplicated an a tetralogy of Fallot,
whereas reduplication of the second sound 1s common 1n the Lisenmenger com
plex Furthermore, 1n the latter condition cardiac cathetenzation shows hgh
pressure 1n the pulmonary artery as well as in the right ventricle

A single ventiscle with reduced pulmonary blood flow may be confused with
a tetralogy of Fallot Usually exther the contour of the heart or the clectracardio
gram suggests that the condition 15 not that of a tetralogy of Fallot Since the
rudimentary chamber occupies the position of the outflow tract of the night
ventricle, the contour becomes more nearly square than 1s common 1 a tetral
ogy of Fallot The electrocardiogram may show a night axis deviation, but gen
erally does not show the usual pattern of nght ventncular hypertrophy in the
precordial leads Often there ss a deep S wave mn all six precordial leads

Defective development of the right ventricle with pulmonary stenosis and an
mtact ventricular septum my closely ssmulate a tetralogy of Fallot The absence
of paroxysmal dyspnea and failure to squat differentiate this malformation from
a tetralogy of Fallot Furthermore, the electrocardiogram frequently shows evs
dence of the trinsition from right to left ventricular preponderance 1n V. or Vs
(see Chapter 1x, Section a)

Ebstesr’s anomaly of the tricuspid valve may occasionally be confused with
a tetralogy of Fallot In the former condition the infant does not suffer from at
tachs of paroxysmal dyspnea The heart may be greatly enlarged, and the liver
15 often engorged but no pulsations are palpable at 1ts margin In infants the
electrocardiographic evidence of low voltage 1n Vi, which 1s so charactersstic of
Ebstetn s anomaly, 15 seldom seen In older children, however, the electrocardio
gram 1s frequently of diagnostic ud

COMMONLY ASSOCIATED MALFORMATIONS

A gross defect in the anricular septum 1s probably the commonest additsonal
malformation This combnation of 1bnormalities 1s sometimes spoken of as a
pentalogy of Fallor The condiuion usunlly causes no difficulty and 15 detected
only by cardiac catheter;zation Recognmition of the auricular defect 15, however,
of importance 1n the surgical treatment of a tetralogy of Fallot (sec below)

A single pulmonary artery occasionally occurs 1n association w 1th a tetralogy
of Fallot *® Nadas et al " have also reported the occurrence of umlateral pulmo-
tresia The difference 1n the vascular shadows in the < ray film offers the

nary a
4 diagnosts 15 readily confirmed by angiocardiography

clue to the diagnosis This
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fund mtzhe This s espectally smpartant iy patients ith a tetralogy of Failot,
as the malformation 1s amenable to surgery and consequently compatible with
relative Jongesity For this reason an assiduous effort should be made to prevent
cerebral thrombosis and the permanent handicap which results from 2 hermu
plegia

Bran abscess 1s also a very serous complication Persons 1 whom \vcnous
blood 15 shunted directly mto the systemic arculation are especially prone to
such an infection The labnlity to abscess formation 15 wcreased by the mmute
thrombr and consequent snjury to the bram which occurs with long standing
polycythema The differentiation between a brawn abscess and cerebral throm
bosis 15 extremely 1mportant (see Chapter v) Before the age of o terebral
thromboses are common and bratn abscesses are rare Generally the onset 1510
sidious, the symptoms are progressive, and the patient runs a low gmdc fever
If there 15 any possibrhity that a brain abscess exists, an smmediate effort should
be made to establish or exclude the diagnosis, as prompt treatment 15 essential

Subacute bactersal endocardints although frequently curable, 1s an extremely
senious complication Therefore the patient should recene the usual preventsve
and therapeutic treatment (see Chapter v) 1€ there 15 any suspicion of 4 hydden
unfection, operation for the amelioration or correction of a tetralogy of Falot
should never be undertaken unnil the danger of infecuon has been ehminated
This 15 an extremely important precaution, because a fresh-cut surface or an
anastomosts renders these patients tth’CmCl) susmpuhlc to subacute bactenal
endocarditss

Fever may be caused by severe anoxema for thas reason of a patient has sc
vere anoxemta and no demonstrable nfection, operation should not be past
poned because of a persistent low grade fever, as such a patient 1s 10 danger of
dying from anoxerma 5

Hemoptysis 1s a rarc complication 1 patsents with a tetralogy of Fallot In
most mstances the reduction n the pulmonary blood flow 15 so great that hemop
tyses seldom occur Newertheless, some pauents with extensive collateral circula

tion do develop hemoptyses, these a
. re due 1 part to the great strarn pl
B!
the smalk artenal vessels 5 D P

which lead 1o the Jungs and 1n part
o amall sl part to the bleeding
- y which develops when polycythemsa becomes excesstie (sce Chapter
H or int ! bleeding ma

¥ also occur 1n 2 patient wath fong

standing polycythemia especally when, as 1n a tetralogy of Fallor, the cond
g '
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Auricular systole and ventricular diastole

Ficure vi-25  Tetralogy of Fallot with a single pulmonary artery Child



vi TETRALQGCY OF FALLOT 51

and the hematocrit reading back to approumately normal values and overcomes
OIS
‘hts;:i’;‘i! sreatment 15 of great benefit to patients serth a tetralogy of 1‘&\;21
Tnasmuch as their meapacaty 1 pumardy due to isufficient pulmonary \
flow combined with a persistent yenous-anenal shunt, any operation W tuch 1n
creases the crrentation to the Tungs amehiorates the condinon A Blalock Taussig
aperation, * naraely, the anastomosss of a systermc artery toa branch of the p\ﬂ‘
wenary artery, gnes excellent results ‘The same 15 true of a Potts anastomosts,
that 15, an anastomoss between the descending aorta and the pulmonary artery
It 15 also possible to 1nsert a graft between the sorta and the pulmanary artery
Sir Russell Brock~ advocates the excision of the sienonc arca Lillches ® recom
meads closure of the ventricular septat defect and exctston of the stenotic aren
under direct vision Each operation has its ments and sts hmitations
The Bldo-k Tausng operation places remarkably hirtle stramn on the heart
Immedsately after operation carduac enlargement oceurs ta adjust to the altered
arculation and the mereased demands placed upon the heast Thereafter there
15 no further cardiac enlargement Indeed, of the anastomosts fails to grow with
the child, the load on the heart 15 lessened and 1, to0, fails to grow with the
child, consequently the heart again becomes relatively srmall
The standard operation for chuldsen 1s the anastomass of the proximat end

of the subclasian artery which anses fram the innormnate artery to the side of
the nght or left pulmonary artery Hence the operation 1s performed on the op-
posite nde to the arch of the aort2 The end to-side anastomosts permmts the flow
of blood to both Yungs After aperation a good continuous murmur should be
audible over both Jungs pos erorly The course of the carculation after operation
15 shown 1n Diagram vi~4

The mortality rate n the last one hundred pauents aperated upon between
two and twelve years of age was 2

per ceat, henee 1t 18 3 semarkably safe opera
uon for young chuldren

The 1deal tiewe for operation 15 between cight and tnelie years of age Only
5 per cent of the patients an this age group have reqused a second operation
within ten years, whereas among younger patents, that ss, between four and
aght years of age, 32 per cent have required a second operation withs ten years
but enly 4 per cent have had a second operation within fise years Thys n?c it
that there 1s at least 75 per cent chance thas a chuld n thus age group will -
tamn the benefit dernyed from operation until he has a e gronth

taned sufficient growth
that tatal correction wall e permanent benefit (see below) § i
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tion ss associated with 2 large systemc blood flow and a small pulmonary blood
flow

Hemorrhagic diatheses develop 1n patients with long standing polycy themia
Such alteration in the blood plsma mcreases the nish of operation and thesefore,
wheneuer possible, operation should be performed before such changes have
been of long duraton In the nathor s expenience, even though alterition 1n the
clotting mechanssm has been demonstrated 1n young mdn iduals, postoperatie
bleeding kas not been 1 serious complication 1n patients under twche years of
age

TREATMENT

Medical and surgical treatment 1re both important

Medzcal treatment 1s meunly directed to the relief of paroxysmal dyspnea and
to the prevention of complications For a detuled discussion of the following
conditions, see Chapter v

An attack_of paroxysmal dysprea calls for prompt treatment The nfant
should be smmediately placed 11 the § nee-chest position or held over the moth
er’s shoulder wsth hus legs doubled up beneath him This ssmple procedure fre
quently rebeves the attach Oxygen may help to lessen the dyspnea I the attack
15 long and severe or progresses to loss of consciousness, the infant should be
given morphune 1n full doses, as 1ts action 1s almost specsfic The dosc 1s 1 mgm
per4skg (1e, 101b) of body weight Withn ten to fifteen munutes after re
cewvang morphne intrumuscularly the mfant usually breathes more easly, his
color smproves, and the attack gradually wears off

Prophylacic chemotherapy during nfections and prior to and following
dental extraction or tonsillectomy 1s extremely aumportant both to prevent sub-
acute bictertal endocarditss and to lessen the danger of brain abscess Intensie
chemotherapy 15 sdicated n septicemaa, 1n severe ijunes, and also for women
during dehwery

The author 1s not yet convinced that prophylactic anubioues are ndscated
1 an effort to prevent sporadic cases of subacute bacterna} endocarditss, m part
because if 1t 15 to be effective, medication must be grven for hie, and 1 part be
cause 100 per cent pratection 1 not humanly possible

Adequate flurd mtake 10 hot weather and dunng episodes of fever mds 1
the prevention of dehydration, and thereby lessens the nisk of cerebral throm
bosss, hersplegna, and that rare but tragic complication~—dlindness Successful
operation brings the red blood cell count, the level of the asailable hemoglobun,
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DiacraM VI—4

Tetralogy of Fallot unth pulmonary stenosis after
closure of the ductus arteriosus and after the
Blalock Tausug operation

In a tetralogy of Fallot after the creation of an aruficat ductus anteriosus by the ans
tomosis of the provimal end of the subclavian antery to the side of the pulmonary at
tery the airculation of the blood 15 essentially the same as 1t was before the closure of
the ductus artenosus

The blood from the nght aundle fiows into the nght ventnele TPant of the blood
from the nght ventcle 15 pumped out through the stenosed pulmonary artery to the
lungs and part 1s pumped ditectly 1nto the sorta Al the blood in the pulmonary ar
tenes goes to the lungs and the oxygenated blood 18 returned by the pulmonary veins
to the Ieft auncle and thence 1t passes 10 the left ventnele. The blood from the left
ventndle 1s pumped out imtothe aorra Inasmuch s the aona over ndes the ventnculas
septum some of the blood from the nght ventricle 1 also pumped directly 1nto the
aorta Therefore the sorta and the systerme circulation always recene a mixture of
oxygenated blood from the fungs and venous blood from the nght ventncle

Most of the blood in the aorta 1s directed to the sysiemic tirculation and 15 returned
by the supeniar vena cava and the infenor vena cava to the nght auncle Owing 10 the
pulmonary stenosis und the low pressure i the pulmonary artery some blood from
the aonta flows through the aruficial duetus astenosus into the pulmonary artery Thus
the lungs recerve blood from the nght ventrele and also from the aorta through the
aruficial ductus arteaoses The combined blood flow to the Jungs means that a rela
usely large vofume of blood reaches the lungs AN the blood which seaches the luags
15 returned by the pulmonary veins to the feft aunicle and thence to the left sentncle
Consequently a relauvely Yarge volume of oxygenated blood 15 pumped out from the
left veatricle Thas blood 18 muixed with the selauvely small velume of blood which 15
pumped from the nght ventricle into the aorta The resultaae admuvtute of venous
and ;;(cnai ‘I;lmd may be insufficient to produce visible cyanosss

inieal diagnons Color is excellent The lips ary
show shight cyanoss "The clubbing recedes ’ﬂ?c hc::tf:)z;n}): :)?;;;);rﬁi ﬁ;ﬁchr: m;cy
rsher In addibon, a Joud contnuous murmue 15 heard

x::i\:lo‘,u( the chest this contnuous muemur 1 usually better heard posteniorly than
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be sufficiently small to protect the fungs from the Ingh pressuce 1n the nght ven
tncle whick 15 secandary to the over nding of the aorta In the rare mstance 1
which a terralogy of Ballot hasonly a valvular pulmonary stenosts, care must be
taken not to comert the malformation nto an Eusenmenger complex Suck 0
operation may be fatal, as the patient Tachs the protective pulmonary hyperten
sion characteristic of an Fasenmenger complex Indeed, unless the septal defect
1s closed, excuston of the stenatic area s not advisable
Corsectise surgery ss now passble Lalleher™ was the first to demonstrate
that with the :d of 2 pump and ovygenator 1 was possible ta exase the stenotic
areaand close the ventricular defect and thereby to restore the heart and circula
t1on to norsmal Such an aperation 1s probably the 1deal for adults and for chul
dren whohas e nearly attamned ther growth
For mfants and young children with severe pulmonary stenosis or pulmo-
nary atressa, 1n whom the pulmonary artery 1 but ene third to one half as targe
as the aorta, 1t seems doubtful that the nght ventnicle, the pulmonary onfice,
and the pulmonary artery will expand to normal size and grow normally with
the child When a patch 1s necessary, st must be made of the proper size for the
patint Itis manifestly impossible to 1nsert the pateh of sunable size for an adult
o 2 uny infant, henee there 15 real danger that total correction in anfancy or
carly childhood may leave the mdrvsduat with an underdevefoped nght ventnicle
and pulmonary stenosis by the time he reaches adolescence
Furthermore, recent expenience has shown that a previous Blalock anastomo-
sts does not greatly increase the nisk of operation for tota} correction Moreos er,
Fc[rcncz * studies on the pulmonary vascular bed have shown that, whereas most
e o e ) oty o e
of wprclated coens hﬁ\’c E:‘nc“‘s '~“’K lnh adequate anastomoss who have died
who has had a previous ana:x;nr: P“ mm;'“’)’b:asfllhr bed Tharelore the child
procedare than the pauent who }:155 mﬂg’ dc ter able to adjist o 3 comeaane
The wdications for opertion a5 6t ah :h Previous operation
15 of the pulmonary stcnoss A b";‘)’ ""‘t;l e age of the patient and the sever
heart but no murmur, and ¢ : \y witha terralogy of Fallot who has 2 small
dvon o > reessuely clear lung fields, may be 1 real danger of
nzm‘és ‘:f;\ ’-“;0!&51;!2, mcnﬂthough he has no polyeythemia and but shight ¢ya
miants frequently suffer from repeated attacks of
nea I the anfant cease: paroxysmal dysp
become long and sc::rj::)rg;::g‘r‘:sgt}: li::f f;tc attacks of parotysml dyspnea
Sxgenty mdreated T, howeres the man o onsciousness, early operation 15
gamng weight and domg well, it
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In infants the problem 1s more difficult The subclavian artery 1s often too
small to be of great benefit More than 33 per cent of patients operated on at the
Johns Hophins Hospital who were under two years of age have required a sec
ond operation withm ten years Such infants require a relatively large vessel
The sacrifice of the innominate artery has, however, proved too dangerous to
the cercbral csrculation to justify 1ts use 1 an effort to obtan 2 larger vessel
When a Jarge opening 1s desired, a Potts procedure 1s preferable to a Blalock
Taussig anastomosts

Potts’ anastomosss, that 15, an anastomos:s between the descending aorta and
the pulmonary artery, gives excellent results Potts h1s emphasized the impor
tance of the correct size of the opening He recommends that the length of the
maston be exactly 4 mm regardless of the size of the patient Any opeming
greater than 4 mm 1n diameter may cause cardiac failure, one of lesser diameter
may thrombose Nevertheless, shight vanation i the size of the 1nastomosts 1s
almost inesatable Consequently 1t requires great experience to obtain umiform
results Obviously the operation must be performed on the side of the descending
aorta Therefore the operation 1s difficult 1n a patient with a nght aortic arch
It appears that an wnastomosis between the aorta and the pulmonary artery
grows better than a Blalock-Taussig anastomosis Indeed, n 1 number of 1n
stances the dtameter of the opening has mcreased 1n size Thus 1s probably be
cause greater stress and stramn are placed on the aorta, 1s 1t grows, than on the
pulmonary artery Hence there 1s real danger that the anastomosis may become
too large wnd transmit the lugh pressurc 1n the aorta to the pulmonary artery and
consequently njure the pulmonary vascular bed

The wnsertion of a graft as formerly advocated by Gross mn this country and
commonly done 1n the U S SR, eliminates the sacnfice of the subclavian artery
This technique, however, doubles the length of the operition and 1ncreases the
rsh of operation Although notching of the nibs on the side on which the sub-
clavian artery 1s sacrificed 1s relatiscly common, this does no harm To the best
of the author’s knowledge, only one patient i 2,000 has experienced ny serious
complications from the ligation of the subclavian artery, therefore the insertion
of a graft 1s ndscated only mn the rare instances when no vessel is obtamable

Direct attack and the excision of the stenotic ares, as advocited by Broch, 1s

possible only f a tetralogy of Fallot 15 assoctated with a valvular pulmonary ste
nosts or af there 15 a fair-sized infundibular chamber I there 15 an infundibular
stenosts, a sufficient amount of muscle must be removed so 1s to prevent subse
quent constriction from scar formation and, at the same time, the opening must
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be sufficiently small fo protect the fungs from the hugh pressurean the nght ::‘n
tricle which 15 secondary to the over nding of the sorta In the rase wnstan »
which a tetralogy of Fallot has only a vahular pulmonary stenosis, €xre m‘;;‘
taken not to comvert the malformation o an Easenmenger complex Such an
operation may be fatal, as the panent Tachs the protecine pulmonary h\?cn(cn
sian charactersstic of an Exscnmenger complex Indeed, unfess the septal defect
15 clos.d, excrsion of the stenatic ared 1s not advisable
Corsectre surgery 1s now possible Latiehes ® was the first to demonstrate
that with the 214 of 2 pump and ovygenator it was possible 1o exase the stenotse
atea and clase the ventricutar defect and thereby to restore the heart and arcula
f10n 1o normal Such an operatian 1 probably the ideal for adults and for chdl
deen who have nearly atamed thear growih
For wfants and young children with severe pulmonary stenosis or pulmo-
nary atresia, i whorn the pulmonary asiery 15 but one third to one half as fasge
as the aorta, 1t seems doubtful that the nght ventnicle, the pulmonary onfice,
and the pulmonary artery will expand to normal size and grow normally with
the child When a patch 15 necessary, 1t must be made of the proper size for the
pauent Ttis manufestly smpossible to tasert the patch of sustable size for an adult
snto 3 unv anfant, hence there 1 real danger that total correction an anfancy or
carly chrtdhood may leave the individual wath an underdeseloped night sentrcle
and pulmonary stenosts by the ume he reaches adolescence
Furthermore, recent expenience has shown that previous Blalock anastomo-
sis docs mot greadly ancrease the 1<k of operation for total carrection Moreover,
Ferencz  srudies on the pulmonary vascular bed hase shown that, whereas most
mfants with anoxema and decreased pulmonary blood flow have muluple
thrambt 0 their tungs, patients with an adequate anastomons who hnve died
of unrelated causes bave a normal pulmonary vascular bed Therefore the child
who has had a previous anastomoss may be better able to adjust to a correcmne
procedure than the panent who has not had a previous ageration
Ay el S e
foartbut e mumfzx s & “a 1) w}n 2 tetralogy of Fallot who has 2 smal}
dying from anovem e th i ‘;i ‘;3”“"8 fields, may be 1n real danger of
poss Such s ﬁ: ough he has no polycythema and but shght c5a
paroxgsmal d, sp

quently suffer fram sepeated attacks of
nea If the 1nfant ceases to gan w e1ght and the attacks of provysmal dyspnea
carly opecation 1

become long and severe o
progress to Joss of conscrousness,
rgently sndieated I, howener, the wfant 15 gaining v.cxght, and dong well, 5
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1§ wise to postpone operation, as the risk of operation 1s less and the results are
better 1n childhood than 1n infancy

The less severe the pulmonary stenosss, the louder 15 the systolic murmur
Therefore, 1f the nfant has a loud systolic murmur, early operation 1s seldom
necessary Indeed, if the attacks of paroxysmal dyspnea can be promptly reliesed
by placing the mfant on his abdomen 1n the knee chest posttion, 1t 1s usually safe
to postpone operation Such attachs are most severe as the ductus artersosus un
dergocs obliteration and prior to the deselopment of polycythemia

In bricf, the decision concerning operation must be nfluenced by the fre
quency and severity of these attachs and by whether the patient 15 losing ground
or improving The determination of the arterial oxygen saturation may be of
aid If 1t 15 only 30 per cent when the mfant 15 erying, there 15 no cause for con
cern If 1t 1s under 20 per cent, the condition 1s serious, and under 10 per cent 1s
dangerousty fow

The persistence of attacks of paroxysmal dyspnea or loss of consciousness 1n
childhood 1s an ndication for operatton If the child s exercise tolerance s ex
tremely hmuted, that too 1s an indication for operation The early deselopment
of marhed polycythemia ss also an indication for operation, as when the hemato-
cnt reading reaches 70 per cent there 1s a real danger of thromboss

Most parents are anxious for operation before the chuld starts schoal If, how
ever, cyanosis 1s mmimal and the red blood cell count 15 only 6 or 7 mullson cells
per cu mm , and the himutation of exercise 15 shight, 1t may be wise to postpone
surgery with the hope that only one operation w1l be necessary

If, howeser, the child 1s sertously mcapacitated, 1t 1s wiser to operate whle
the child 15 young and thus gnve hum a normal childhood than to try to postpone
operatton untl total correction 1s indicated It 15 always advisable to operate
while the patient still has good tissue turgor and before the sccondary changes
of the lungs due to long standing polycythemia become a serious problem The
hemorrhagic diathests 15 far more serious 1n adults than i chidren Even
though a child may have a great reduction 1n platelets and a low blood fibrino
gen, he seldom suffers from severe hemarrhage after the operation, whereas 1n
the young adult hemorrhage mn the carly postoperatree period may be a serious,
even fatal, complication Therefore 1n 1960 1t seems to the author advisable to
perform 2 Blalock Taussig operation on an infant or young child and to under
take total correction on older children with mild pulmonary stenosts or young
adults who hase attained their growth

The occurrence of a gross defect n the auricular seprum may ncrease the
strasn on the arculation after an anastomotic procedure A number of patients
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hase des eloped considerable cardiac enlargement and a few have suffered from
ardnc falure Nevertheless, a number of patients 1 hom cardiac catheteriza
tion mndicated the presence of an auncular septal defect have had a smooth post
operatune course and subsequently e expertenced no difficulty from the add
vonal defect Inasmuch as at the Johns Hophans Hosputal cardiac cathetertzation
1s not a rounne procedure prior to operatton, there are no figures avalable as to
the madence of auncular sepal defects 1n our senes of 1,500 patients with a tc
tralogy of Fatlot

The occutrence of an auricular defect does, however, lessen the chance of an
excellent resule Therefore, when such an anomaly 1s known to exst, if posuble
1t may be wise to postpone operation until such time as total cofrection may be
of permanent benefit

PROGNOSIS

The prognosis varies wath the seventy of the pulmonary stenosts When the
pulmonary stenosis 1s extreme or there 1s pulmonary atresta, the prognosis with
out operation 15 extremely poor In most instances closure of the ductus arterosus
renders the condition incompatible wath hife Thesefore early operation is inds
cated

‘The tetralogy of Fallot has long been considered as the commonest malfor
mation of the cyanatic group to be compatible with relative longevity Formerly
all those who suffered from this malformation were able ta recene great encour
2gement from a case reported by White and Sprague® of a man with a tetralogy
of Fallot who Irved for sixty years and was a concert viohnsst This man must
have had a relatnely midd pulmonary stenosis Few persons are as fortunate as
be Today, however, persons with a pulmonary stenosis of such seventy that 1t
endangers or handtcaps their nes can be greatly helped by surgery A Blalock
'Ill'?us&\gl operation gaves a child a 75 per cent chance to enjoy 2+ irtually narmal

¢,atleast, untl adolescence Indeed, several women who have had ths opera
tion have borne normal children Once the patent has attained his growth 51:
Isevery reason to believe that total correction of the malformation not unlly w:l?
:::01’: the arculation to normal but wall be of permanent benefit “Thus the

grosts 15 greatly improved

SUNPMARY

The first known case of a tet
tralogy of Fallot was re,
ported 1 3671, b
Rotuntyl 1888 that Fallot clarified the syndrome which now bears st n:\:(:x e

The onstitute the tetralogy of Fallot are pulmonary s
four features which nstitute th ! gy of Fallot ary st
Y ste
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nosss, dextroposition of the aorta, a high ventricular septal defect, and night ven
trcular hypertrophy

The pulmonry stenosis renders 1t difficult for the blood from the right ven
tricle to be pumped out to the lungs The dextroposttion of the aorta means that
some of the blood from the right ventricle which would normally go to the
lungs for oxygenation 1s pumped 1nto the aorta This leads to a reduction 1n the
pulmenary blood flow and an increase 1n the systemic blood flow The pressure
m the nght ventricle 15 approsimately the same as that 1n the systemic arcula
tion ‘The pressure in the pulmonary artery 15 low The worh of the nght ventn
cle 1s increased, there 1s right ventricular hypertrophy

The outstanding chinical features are cyanosts, dyspnea, a heart of normal
size with a systolic murmur and a weak pulmonic second sound Cyanosts usu
ally appears between three and six months of 1ge The intensity of the cyanosis
vartes not only with the amount of reduced hemoglobin 1n the arculatng blood
but also with the amount of available hemoglobin

Cyanosis may be absent at birth The infant gains slow ly and frequently suf
fers from attacks of paroxysmal dyspnea Cessation of weight gamn and attacks
of dyspnea progressing to loss of consciousness are ominous signs The nfant 15
1n danger of dying from anoxemia even though the heart 1s normat 1n size and
there 15 no murmur

Cyanosts usually appears duning the first year of hfe Compensatory polycy
therma develops as the collateral circulation becomes established

Polycythemia gradually increases and may become extreme With long
standing polycythemia the blood platelets and the blood fibrinogen become re
duced

There 15 usually cyanosis and clubbing of the extremities The chuld fre
quently squats when tired

The heart 1s normal 1n size The mtensity of the systolic murmur 1s inversely
proportional to the seventy of the pulmonary stenosis The pulmonic second
sound 1s reduced 1n 1ntensity but 1s usually audible

The  ray shows a small heart with a concave curve at its base to the left of
the sternum and decreased hilar marhings A night aortic arch occurs 1n 25 per
cent of these patients

The electrocardiogram shows a night axis deviation and evidence of right
ventricular hypertrophy

The circulation tme 1s short

The oxygen saturation of the arterral blood 15 low and falls stll further with

exercise
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Cardiac cathetenzation shows that the pressure 10 the nght ventricle ap
proaches systerc pressuse and that the pressute in the pulmonary artery 1s low
Thereas evidence of both a Jeft tonght and anght to-eft shunt

Angocardiography may a1d 1n the demonstration of the dextroposition of
the aorta

Selectise angocardiography 1s of great salue 1n the visuahization of the out
flow tract of the night entnicle

Diagnosisas based on the size and the contour of the heart and on the clectro-
cardiographic findings of a nght axis deviavon and nght ventneufar hyper
trophy n a cyanotic child who gives a hustory of paroxysmal dyspnea and who
squats when tired

The condition requires differentiation from other malformations wath pul
monary sienoss and a venous artenal shunt namely, pulmonary steagsis « tth
an tntact sentncular septum and a patent foramen ovale, a single ventncle, tn
cuspid atresta, 2 truncus artertosus, complete transposition of the great vessels,
avaasionally from primary pulmonary hypertension or an Eisenmenger com
plex, and rarely from Ebstern s anomaly of the tncuspid valve

The most common associated anomaly 15 a gross defect 1n the aunicular scp-
tum When this occurs the condtion 1s hnown as a pentalogy of Fallot Occa
stonally there 15 but a single pulmonary artery and even mote rarely the pulmo-
nary valves are so abnormal that there s pulmonary insufficency

The common complications are cerebral thrombosis, brain abscess, and sub-
acute bactenial endocarditis Hemoptyses and hematemeses are rare complica
tions, but do occur

Medscal treatment 1s directed to the rehef of paroxysmal dyspnes, to the pre
vention of infection and to the prevention of thrombosis ¥or the last feason,
prior to operation hugh fund intake 15 important

Surgcal treatment 1s of great benefit Any operation which mncreases the air
culation to the fungs without rassing the pressure with which the blood 15 ¢jected
mnto the tungs 15 of great help A Blalock Taussig operation grves excellent re
sults 1n childhood The sdeal age for operation 15 from eight to twelve years
per cent of the cluldren i dus age group 290

who obtamed goad results f;
tion have mantaned thew benefi for the ensuing ten )cirs o ope

Closure of the ventricular defect and relief of the pulmonary stenosis b
means of open heart surgery restores the circulation to normal The ope o
performed with remarkable suceess 1 alder ndiduals Mot onl s
dufficult n young children, but alsa there 1 real danger thay, sf i ! ‘sl“ o
onfice and pulmonary arcery are abnormally smalj, the ngh’t sxdccogl:}:‘;:n;r);

7
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nosts, dextroposition of the aorta, a high ventricular septal defect, and night ven
tricular hypertrophy

The pulmonary stenosis renders 1t difficult for the blood from the right ven
tricle to be pumped out to the lungs The dextroposition of the aorta means that
some of the blood from the night ventricle which would normally go to the
lungs for oxygenation 1s pumped into the aorta This leads to a reduction 1n the
pulmonary blood flow and an increase 1n the systemic blood flow The pressure
mn the nght ventricle 1s approvimately the same as that 1n the systemic arcula
tion The pressure 1n the pulmonary artery 1s low The work of the night ventn
cle1s increased, there 1s right ventricular hypertrophy

The outstanding clinical features are cyanoss, dyspnea, 2 heart of normal
stze with 2 systolic murmur and a weak pulmonic second sound Cyanosts usu
ally appears between three and six months of age The intensity of the cyanosis
vartes not only with the amount of reduced hemoglobin 1n the circulating blood
but also with the amount of available hemoglobin

Cyanosis may be absent at birth The infant gains slowly and frequently suf
fers from attacks of paroxysmal dyspnea Cessation of weight gain and attachs
of dyspnea progressing to loss of consciousness are ominous signs The infant 15
1n danger of dying from anoxemia even though the heart 1s normal m size and
there 1s no murmur

Cyanosts usually appears during the first year of Ife Compensatory polycy
themin develops as the collateral circulation becomes established

Polycythemia gradually increases and may become extreme With long
standing polycythemua the blood platelets and the blood fibrinogen become re
duced

There 15 usually cyanosis and clubbing of the extrermities The child fre
quently squats when tired

The heart 1s normal n size The mtensity of the systolic murmur 1s iversely
proportional to the seventy of the pulmonary stenosis The pulmonic second
sound 1s reduced 1n 1ntensity but 1s usually audible

The x ray shows a small heart with a concave curve at 1ts base to the left of
the sternum and decreased hilar markings A night aortic arch occurs in 25 per
cent of these patients

The electrocardiogram shows a right axs deviation and evidence of nght
ventricular hypertrophy

The crculation time 1s short

The oxygen saturation of the arteral blood 15 low and falls still further with

exercise
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20d 2 ving patient fry-exght years old with cyanosts and clubbing of the fingers  Am
Heart] 37790 1927

Buog R.J,L D Vandam and T D Groy o Physiologieal studies wn congrnital
heart disease results of preoperative studies 1 paticats with tetralogy of Fallot  Bull
Johns Hopluns Hosp 80 121-141, 1947

Blaloch A Surgical procedutes employed and anatomucal variations encountered 1
the treatment of congenital pulmonic stenosts  Surg, Gynec & Obst 87 385-109 1948
Nadas A S H D Roscnbaum M H Wittenborg and A M Rudolph  Tetralogy of
Fallot with uniateral pulmonary atresta chnically diagnosable and surgically sigmficant
vanable  Careulation 8 3.8-~336 1953

Miler R A B White and M Lew Congenual absence of the pulmonary talve
dingeal and pathological synd: Cureul 18 759 19,8 (Abstracts of Thurty first

Scientific Sessions o? the A’mencan Heart Assocation San Francisco October, 1958)
Gasal B M [ B Richmond and C A heakower A case of tetralogy of Faller with
3 patent toramen ovale (pentalogy) showing a mathed left ventnienlar by pertrophy and
Iftansdeomnon ) Pedat 35 413-421 1949

Blaloch A and H B Taussig  The surgcal treatment of malformavons of the heant
mn which there 15 pulmonary stenosis or pulmonary atresia JAMA 108 189-.0
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Pous W ] § Smuth and § Gibson  Anastomosss of the s0rta 10 a pulmenary artery
JANA 132 627-631, 1946

Brock R € Pulmonary valulotomy for the relief of congenital pulmonary stenosis
reportot 3cases  Bot M J 1 s121-1126 1958

Lillehes € W M Cohen H E Warden R C Read § B Aust R A DM and
R L Vasco  Direct vision intracardiac surgical correction of the tetralogy of Tatlor
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14 418445 1955

Ferencz C The pulmonary vascular bed in the tetralogy of Tallot changes followsng
a syste if
: ;20 e pulmonary artenal anasiomosss Bull Johas Hophuns Hosp 306 100-128,

Taustg H B H Crawford § Pdargomo and $ Zachanoudahss  “Fen to thirtes:

year follow up on ;44 patients operated on for poimonary stenowis and atresta hc[\\(gn
1944 and 1950 Reported ar the Ninth Internat, >
o e oy aternational Pediatric Congress Montrea)
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will not grow 1n proportson to the growth of the child Were thus to happen, the
patient would be left with a pulmonary stenosis and an ntact ventricular sep
tum Therefore 1t seems wise to the author to reserve total correction until the
patrent has nearly attamed hus growth
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Courtery ef Dr | wEd d  dtheMay €1 1

Frouse virr - Ongin of both great vessels from the night
ventricle and both of normal size

also arsses from the nght ventricle The
and the pulmonary valve may be bicusp

The ongin of the aorta from the right ventryele mak,
de, hence there 15 right ventrcular hypcrlmphy but the
tects the lungs Unless the ventricular defect 14 large,
expulsion of blood from the Jeft ventricle, henee 1, too,
bypertrophy The foramen gyale closed and the
normal obliteration Figure vit— usteates thyg type of

es it the systemic ventn
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CHAPTER VII

ORIGIN OF BOTH GREAT VESSELS FROM
THE RIGHT VENTRICLE

HIS malformation represents a further rotation of the aorta than that
which occurs 1 the tetralogy of Fallot The aorta 1s so far destroposed
that 1t assses entirely from the nght sentricle The pulmonary artery 1s
usually stenotic and 1n most istances 1t occuptes its normal position, as 1t does
m the tetralogy of Fallot, thus st, too, arises from the nght ventrcle Between
1938 and 1959 we hase studied five cases 1n which both great vessels arose from
the right ventricle * Occastonally the stenosed pulmonary artery lies posterior and
slightly to the right of the aorta but arises entirely from the right ventricle Un-
der such crrcumstances the relation of the two great vessels 1s that of a corrected
transposition, nevertheless, both great vessels arise from the nght ventricle This
malformation was known to Maude Abbott * Lev and Saphir,? 1n a report of
six cases of transposttion of the artertal trunk, described three such cases Wit-
ham* 1n 1957 reported the clinscal and pathological findings m four cases and
reviewed the hiterature
If the pulmonary artery 15 atretic, st makes no difference whether it Jres an
tertor or posterior to the aorta When an atretic pulmonary artery anses from the
left ventricle, the condition canstitutes a transposition of the great vessels, there
fore the condition 1s discussed 1n Chapter <, Section ¢
This malformation may also occur with a pulmonary artery of normal size
(see Figure vi-1) Under such circurustances there 1s adequate circulation to the
lungs, but pulmonary congestion usually occurs early, as a large volume of blood
13 ejected to the lungs under systemic pressure and great difficulty 15 encountered
1n the expulsion of blood from the left ventricle When the ventricular septal de-
fect 1s relatively large, the condttion may be compauble with hfe for 2 number of
years Under such arcumstances the malformatian sumulates the Eisenmenger
complex but differs from 1t n that cyanosis dates from birth and the heart under
goes slow progresstve enlargement
The present discussion 15 limited to the malformation as 1t occurs with pul

monary stenosis

NATURE OF THE MALFORMATION
The aorta anses entirely from the sight ventricle and the pulmonary artery
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Courtery JOv | s Edward  dthe Mayo CL 1

Frouke vii=t  Ongn of both great vessels from the nght
ventricle and both of normal size

also anses from the right ventricle The pulmonary onfice 15 usually stenosed
and the pulmonary valve may be bicuspid The left ventricle lacks 1ts normal
outflow tract the only way for blood to leave the left ventricle 1s through a ven
tricular septal defect Hence a ventricular septal defect 15 an wtegeal part of the
malformation Indeed, the size of the ventricular defect determines the ease wath
which blood can be pumped out of the left ventricle and hence the amount of
work required of that chamber

The ongn of the aorta from the nght ventricle makes 1t the systemic ventn
dle, hence there 1 nght ventricular hypertrophy but the pulmonary stenosis pro-
tects the lungs Unless the ventncular defect 1s large, there 1 difficulty mn the
expulsion o blood from the left ventricle, hence 1, too, undergoes dilatation and
bypertrophy The foramen ovale 15 closed and the ductus arterosus undergaes
normal obliteration Figure vir-2 dllustrates this type of malformation

COURSE OF THE CIRCULATION

During fetal bfe the course of the arculauon 1s
grossly altered by thy
normal posiion of the aorta Most of the blood from thcyngh( aunc)l'e \:h:xlc:
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Fieure vii-2 - Ongun of both great vessels from the nght ventricle
and an abnormally small pulmonary artery

flows into the nght ventricle 1s pumped out through the aorta to the body and 1s
returned by the superior vena cava and the inferior vena cava to the right auricle
Some of the blood from the right ventricle 15 pumped out through the pulmo
nary artery to the lungs, and some blood may flow through the ductus arteriosus
to the Jungs All the blood which goes to the lungs 1s returned 1n the normal
manner to the left auricle In addition to the blood returned from the lungs to
the left auricle, some blood from the right auricle flows through the foramen
ovale to the left auricle All the blood 1n the left auricle flows nto the Jeft ven

tricle Here difficulty 1s encountered 1n the ejection of blood from the left ventrt

cle, because the only way for blood to be pumped out of the left ventricle 1s
through the septal defect to the nght ventricle This increases the work of the
left ventricle Hence at burth the tw o ventricles are of approximately equal thick

ness (see Figure vii-3)
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After birth the course of the arculation remains essentially the same The
blood from the nght aunicle flows mto the nght ventncle and 15 pumped out
1nto the aorta and also mto the pulmonary artery The expansion of the Jungs
low ezs the pulmonary pressure and mcreases the volume of venous blood which
flows through the pulmonary artery and also that which flows from the aorta
through the ductus artersosus to the lungs All the blood which flows to the lungs
s oxygenated and returned by the pulmonary vemns to the left auncle The in
creased curculation to the Jungs increases the volume of blood returned to the
left aunscle and tends to close the foramen ovale The blood 1n the left aunicle
Rows mto the left ventricle The increased volume of blood which 1s returned to
the left ventricle increases the volume of blood which must pump through the
scptal defect to the nght ventricle and thence out into the 20rta and the pulmo-
nary artery The blood which flows to the body 1s seturned 1n the normal man
ner by the supertor vena cava and the inferior vena cava to the nght auncle So
the cycle continues The course of the crrculation 1s show nin Duagram -1

Fioure vi-3 Fetal circutanio,
from the nght ventn

" (A) Origin of both reat s essel.
cleand (B) noroaal b fﬂ -
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Froure vir-2 Ongin of both great vessels from the nght ventricle
and 1n abnormally small pulmonary artery

flows mnto the night ventricle 1s pumped out through the aorta to the body and 1s
returned by the supenor vena cava and the infertor vena cava to the night auricle
Some of the blood from the right ventricle 1s pumped out through the pulmo-
nary artery to the lungs, and some blood may flow through the ductus arteriosus
to the lungs All the blood which goes to the lungs 1s returned m the normal
manner to the left auricle In addition to the blood returned from the lungs to
the left auricle, some blood from the right aurcle flows through the foramen
ovale to the left auricle All the blood 1n the left auricle flows into the left ven

tricle Here difficulty 1s encountered 1n the ejection of blood from the left ventr:

cle, because the only way for blood to be pumped out of the left ventricle 1s
through the septal defect to the nght ventricle This increases the work of the
left ventricle Hence at birth the tw o ventricles are of approximately equal thuch

ness (see Figure vii-3)



Vil ORICIN OF GREAT VESSELS FROM RIGHT VENTRICLE ()7

Diacran vi-3

Onpin of both great sessels from the right tepncle
and a small pulmanary artery

The essenual feature of this malformation 15 that the aof1a 15 1ransposed and anses
from the nght ventncle the pulmonary artery 15 stenosed and st too, anses from the
nght ventaicle In order for the blood 10 escape from the left ventncle there must be 2
ventnicular septal defect.

The blood from the nght aunicle flows into the nght ventricle Most of the blood 1n
the night ventricle 1s pumped ott through the aorta to the systemic airculauon and 1
rerurned by the supertor vena cava and the infetior vena cava to the nght auncle Inas
much as there 1s pulmonary stenosts, only a small amount of blood 15 pumped through
the pulmonary artety to the lungs where 1t 15 oxygenated and seturned to the Jeft
aunicle So fong as the ductus arteriosus remains open, some blood flows through the
ductus artertosus to the lungs Thus 1ncreases the circulation to the lungs and alse 1a
creases the volume of blood returned to the left auricle and the 1eft ventnicle

Since both the gorta and the pulmonaty artery arise from the nght vemtnicle the
only way for the blood to leave the left ventnicle 1 through the septal defect to the nght
ventricle 1 ths 1s small the left ventricle has difficulty n emptying nself hence there
15 also Jeft ventricular hyperirophy

Climcal disgnons Inasrauch as the sorta anses from the nght ventaicle the infant
shows persistent ¢yanosis he does not suffer from attacks of paroxusmal dyspnea but

may have episodes of Joss of consciousness The hearr 1 enlarged There 15 absence of
fullness of the pulmonary conus Viewed in the lefe anterior-oblique posion the sighr
ventricle 1s enfarged there may or may not he enlargement of the left ventricle 'Ig'h

dectrocardiogram shows 2 righe axis deviavon and ev, :

idence of nght ventr
st Death results from anoxemia or carduac fuluge. s e
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X RAY AND FLUOROSCOPIC FINDINGS

The heart 1s enlarged, especually to the left There 1s no fullness m the region
of the pulmonary conus The cardiac shadow extends downward and outward
from a narrow basc (sec Figure vit-g) The lungs are clear and the hlar mark
mgs are mccnsp\cuous

In the left antertor-oblique position both ventrcles are scen to be enlarged
‘The right ventricle extends out toward the chest wall and the shadow of the left
ventricle evtends postentorly far beyond the spinal column, as scen in Frgure
vi-5 The small size of the pulmonary artery renders the pulmonary window
abnormally clear In addon, the ongin of the aorta from the night ventncle
causes the pulmonary window to be unusually wide Consequently the pulmo-
nary window 15 both wide and clear

Examination 1n the night antenor-oblique position contributes ittle

ELECTROCARDIOGRAPHIC FINDINGS

The standard leads show a nght aws deviaion and the unpolar precordual
leads show evidence of nght sentricular hypertrophy and the pattern of so-

Froure vii—y Orlgm of bor
th great vessels
pulmonaxy stenons (szme g from the ighy ventriele and

patient as1n Figures Vit-5 6,7) Infant
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PHYSIOLOGY OF THE MALFORMATION

In this malformation the right ventricle pumps the blood 1nto the aorta,
therefore the systolic pressure 1n the nght ventnicle 1s the same as that 1n the
systemic airculation The occurrence of pulmonary stenosts, howeser, protects
the lungs and the pulmonary pressure 15 Jow The combined blood flow through
the stenosed pulmonary artery and the ductus arteriosus 1s usually sufficient for
Iife Nevertheless, only a small volume of blood 15 directed to the lungs and a
large volume of muved venous and artersal blood flows to the body, where 1t
grves up more of 1ts oxygen Hence a small volume of oxygenated blood 1s mrxed
with a large volume of venous blood which 1s extremely low 1n oxygen content
It follows that the oxygen content of the mixed venous and artertal blood 15 ab-
normally low

CLINICAL FINDINGS

Cyanosis \ppears early, 1t usually dates from birth The infant frequently suf
fers from “spells” during which the cyanosts increases 1n intensity The spell may
be Jong 1nd ses ere and progress to loss of consctousness

Palycythena develops early and may become extreme The red blood cell
count may reach g or 10 mullion cells per cu mm , the level of the avalable
hemoglobin and the hematocrit reading are proportionally high

Dyspnea1s usually severe but artacks of paroxysmal dyspnea seldom occur

Barrel shaped chest deformaty 1s the rule

The lungs remann clear, as the pulmonary blood flow 1s meager

Growth and development are severcly retarded

Evercise tolerance 15 marhedly restricted Children wath this malformauon
seldom learn to walk before three years of age, thereafter they squat when tired

The hwer may be enlarged and pulsations may be detectable atts margin

Edema and ascites ate late mamfestations of cardsac farlure

CARDIAC FINDINGS
The heart 15 enlarged A systolic murpur and a thrill are usually present
The second sound at the base of the heart to the left of the sternum 1s accentu
ated owing to the transposed aorta A gallop rhythnz may be present
Cardiac fabure occurs early It 1s pnmanly nght sided failure wath enlarge
ment of the iver and edema of the extremties
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the catheter usually enters the aorta with ease 1f the pulmonary artery <an be
catheterized, the pulmonary pressure 15 low The oxugen content of the blood 1n
the aorta 2nd i the pulmonary artery1s virtually the same

Angiocardiography shows that the aosta fills simultancously with 2 small
puilmonary artery It 15 of smiterest that the case whnch Mustrates ths malforma
tion was mtshagnosed because 1t was thought that the aorta was not transposed
The aorta did not appear to he as far antenorly as 15 usual when the aorta 18
transposed Nevertheless, careful evarmnation of the aorta relatwve to the left
reatsicte 1 the lateral films taken after the left ventrcle has fitled suggests that
the 20112 bes antenor to the feft ventnde (see Fagure vu—y) Sedeane angio-
cardiography, with dve placed in the pulmonary artery, should clearly demon
strate the teft auricle, the Jeft s entricle, and the antenor position of the aorta

BIAGNOSIS

The diagnosss is based upon the finding of persistent eyanosts, which appears
aan tatly age and 1s assocmted wul sevese dyspnea, dbsence of attacks of parox
ysmat dyspnea the accurrence of episades of decpening cyanosss, which often
progress to loss of consciousness and a heart of characteristic contour The ab
sence of fuliness of the pulmonary conus and the concnve cure of the cardiac
stthouerte at the base of the heart ta the left of the sternum show that the pulmo-
pary artery 1s dimunutive, musphaced, or absent In the Yeft antenor-ablique post

s1on both venticles are seen to be greatly enlarged and the pulmonary windaw,
s wide and clear There 1s electrocardio,

raphic evides f
mcu)arhyp:rlrophy B ee of extreme nght ven
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Left antenor oblique position

Right anterior obhique position

Figure vii-5  Ongin of both great vessels from the night ventricle and
pulmonary stenosts (same patient as in Figure vui—4) Infant

called nght ventricular ‘strain  The P waves are often high and peaked (see
Figure vir-6)

SPECIAL TESTS

1 he circtlation ime (arm to tongue) 1s short
The oxygen saturation of the artersal blood 1s low and falls sull further with

excrcise
Carduac catheterszation reveals systemic pressure 1n the nght ventricle and
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DIFFERENTIAL DIAGNOSTS
This malformation requires differentiation from a defectne desclopment of
the nght ventnicle with an mtact ventuicular septum and pulmonary stenosts,
from a tetralogy of Fallor» 1th severe pulmonary sienosss ot functional pulmo-
nary atresia, from truncus artenosus 1th seduced pulmonary blood flow and
from a complete transpasion of the greatvessels with pulmonary stenosts
Defective decelopment of the sight centncle with an wntact ventricular sep-
tum 15 readily confused with the malformation under discussion When these ss
a defective development of the nght ventricle but a normally placed zorta, the
wfant dos not suffer from attacks of paroxysmal dyspnea If, howeser, an
grocardiography 15 performed, although the pulmonary artery w Al be seen to
anse from the nght ventricle, the aorta will not be visuahized untst after the left
auricle and the left ventricle have filled
A tesralogy of Fallos with anatomical or functional pulmonary atresia causes
the heart to remain small and 1n the left anterior-oblique position 2t appears 10
be globular In contrast ta thus, when both great vessels anse from the nght ven
tricle, that chamber 15 always enlarged, of the duration of hfe permats, the left
ventricle will also become enlarged because of the difficulty 1n the expulsien of
blood from the left ventricle
Truncus astersosus 1n which both ventricles are normally formed and the
circulation to the lungs 1s through the enlarged bronchual artenes, 15 differents
ated by x ray examnation The zruencas 15 usually larger than the aorta and
the aortic knob lies at an abnormally ngh level The heart 15 also relatn )
larger and extends out as 2 shelf 1o the left of the sterpum The infant usually
does better than 1n the malformation under discussion
Complete transposition of the great vessels combined 1ith pulmonary steno

5 may m early infancy closcly resemble the malformation under discussion
When the great vessels are transpy

osed, the yascul
e asewlas markings evtend to the

TREATMENT

Treatment 1s unsatsfactor

the volume of venaus blood df

7 A systemic pulmonary anastomosts snereases
&

rected to the Ju

difficulty but after o cration the stran on the ¢ reulation 15 so great that the
!
Y il rculation 45 s great that the
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Simultancous visuahzation of the aorta and
the pulmonary artery

Superimposition of the aorta and
pulmonary artery

Ficure vit=7  Onigin of both great vesscls from the nght ventricle and
pulmonary stenosis (same patient as 1n Figure vi~g) Infant
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also from a complete transposition of the great vessels with pulmonary stenosts

Treatment 1s unsatisfactary because any increase n the exrculation to the lungs
creases the v olume of blood returned to the left ventnicle Usually the difficulty
1n the expulsion of the blood from the left s entricle 15 o great that the infant dies
of pulmonary edema Without operation the child usually dies of anoxema or
cardiac falure ‘Therefore, exther with or without operation the prognosis 1s poor
Most patients die 1n carly childhood
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Rehef of the pulmonary stenosis under direct vision may improse the circu
lation to the lungs, but, of the pulmonary artery 15 w 1dely opened, the biood wilt
be pumped to the lungs under systemic pressure F usthermore, because of the
difficulty sn the expulsion of blood from the left ventricle, the increased eircula
tion to the lungs usually precipitates pulmonary edema

PROGNOSIS

Prognasts 1s paor Most patents die i infancy or early childhood Neverthe
less, the author knows of three pauents who lived to adult hfe and died at opera
uon A systemuc pulmonary anastomosts combined with the crcation of an
auncular defect my lessen the ncapacity but frequently leads to acute pulmo
nary edema or intractable cardrac fatlure

SUMMARY

The ongtn of both great vessels from the nght ventncle, with or without
pulmonary stenosss, 1s a very serrous malformation The fact that the aorta anses
from the right ventricle means that venous blood 1s pumped directly anto the
systemic crrculation In the presence of pulmonary stenosss Intle blood reaches
the lungs for ovygenauon In the absence of pulmonary stenosis blood 1s ejected
to the lungs under systemic pressure, furthermore, owing to the difficulty m
the expulsion of bload from the left ventricle, the pressure i the left aurcle 15
mncreased This also leads to pulmonary hypertension Consequently pulmonary
hypertension 1s severe The condstion soon leads to pulmonary edema

The outstanding chntcal findings are intense cyanosis, dyspnea, and absence
of attachs of parovysmal dyspnea The child squats when ured

The cardrac findings are stmilar to those of a tetralogy of Fallot with great
over niding of the aorta The pulmonic second sound 15 accentuated but not re
duplicated The ¥ ray shows moderate cardiac enlargement and a concave cune
at the base of the heart The lung fields are usually clear Viewed m the left an
tertor oblique position both ventnicles arc enlarged and the pulmonary windos
1s wide and clear

The clectrocardiogram shows a nght axis deviation and evidence of extreme
night ventricular hy pertrophy

Angrocardiography shows that both vessels are filled from the right ventncle

The condition requires differentiation from defectnve development of the

nght ventacle w 1th au intact ventricular seprem and pulmonary stenosis a te
tralogy of Fallot, a trunc s astersosus with reduced pulmonary blood flow, and
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also from a complete transposition of the great vessels with pulmonary stenosis

Treatmentis unsatisfactory because any wncrease 1n the carculation to the lungs
increases the s olume of blood returned to the left ventnicle Usually the difficulty
1n the expulson of the blood from the leftventricle 15 so great that the infant dies
of pulmonary edema Without operation the child usually dies of anoxera or
carduae failure Therefore, esther wath or without operation the prognosis 1s poor
Most patients die 1n early childhood
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CHAPTER VIII

TRICUSPID ATRESIA AND DEFECTIVE
DEVELOPMENT OF THE RIGHT VENTRICLE

blood cannot reach the right ventricle in the normal manner, conse

quently the right ventricle 1s always abnormally small For this reason the
two conditions are usually part and parcel of the same malformation The nght
ventricle may be absent or 1t may persist as a blind sac which does not communt
cate with the circulation Sometimes the primitive outflow tract develops as a
smail chamber w hich recerves its blood from the left ventricle through a defect n
the ventricular septum* The great vessels may or may not be transposed In all
instances 1t 1s the diminutive size of the night ventricle which offers the clue to
the nature of the underlying malformation The small size of the right ventricle
can be seen by X ray 1nd fluoroscopy and 1s confirmed by the electrocardio-
graphuc finding of a left ventricular preponderance in the precordsal leads

Section A 1s concerned with tricuspid atresta combined with defective devel

opment of the nght ventricle 1n which the great vessels are normally placed
Section 515 concerned with tricuspid atresia when there 1s a small nght ventricle
from which the aorta arises

TRICUSPJD ATRESIA means that there 15 no tricuspid onifice, hence the

A Tricnsprd Atresta Combined with Defective Developnent
of the Raght Ventricle and with Noymally Placed Great Vessels

NATURE OF THE MALFORMATION
The essential feature of this malformation 1s the atresta of the tricuspid valve,
1ts orifice 15 represented by a dimple 1n the base of the nght auricle In addition,
there 15 defective development of the nght ventricle The right ventricle may
be absent, there may be a rudimentary chamber which has no demonstrable
connection with the circulation, or 1n rare mstances there may be extreme hypo-
plasia of the tricuspid valve and the right ventricle may ewst as 2 dimmutive
chamber which s filled with a blood clot In each of these conditons the right
+entricle fails to function as an integral part of the heart When the tricuspid
yalve 15 atretic or markedly hypoplastic and the night ventrcle 1s 2 non functron
ng chamber, there 1s wnevitably some malformation of the pulmonary ortfice A
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Ficure vt Tricuspd ateesta a von funcuoning nght sentrcle anda
gross aupcular septal defect (same paventasin Figure vine-§) Infant

The dimmutive size of the right ventricle caused marked
distortion of the specmen on fixauon

functioning pulmonary artery cannot be given off 2 non funcuomng chamber
It follows that the pulmonary artery 1s euther atretic of accupies an abnormal
posiion Usually there 15 pulmonary atresra and the blood reaches the Jungs
through the ductus arteriosus, as shown i Figure va-1

[n some instances the pnmts e bufbus cordis des elops 1nto an outflow cham
ber whach recenves 1ts blood from the left ventricle through a defect 1n the ven
triclar seprum Under such curcumstances the sbnormality concerns the tricus-
pid valve and the development of the nght ventricle, the pulmonary artery 15
wsually normally formed and of relatively normal size Furthermore, the ctecu
Yation to the Yungs 15 proportionately better when there 15 2 small nght ventricle
than when the night ventricle 15 non functioning Such 15 the ustal structure of
the heart an patients with tricuspd atresta who survave for more than two years,
thie condition may be compatible with Iife for a number of years Fagure vin-2
lhustrates thas type of anomaly 1n a four year-old chuld, and Frgure vis3 15 2
draning of the heart of a patient who died at operation at thusty five years of age

The atresia of the trcusprd onfice and the non funcuoning night sentncle
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NORMAL 6 YR HEART
SECTION AT LEVEL & -a BELOW

Aorta

R Appendage of - }llnttmntncuhr septal
Single Aurlcle defect

Pulmonary A

“L endage of
-~ S?nygl: Auﬁde j

FAE opemem B

R Vent

Frourg w2 Tricusped atresia and a rudimentary nght ventricle which
recerves blood from the left ventricle through a small ventricular
septal defect (same patsent as in Figure viu-11) Child

mean that the blood which enters the right auncle through the superior and m
fertor venae cavae cannot leave that chamber i the normal manner The bload
from the nght auricle must escape by way of the left auricle This renders in
evitable some defect 1n the aurscular septum The foramen ovale may be normal
wn structure and covered by a valse which 1s not completely sealed, or there may
be a gross defect i the auricular septum In etther case there are two aurcles
and one ventricle, which consututes a trloculate heart In some cases the
auntcular septum 15 entirely lacking except for a few strands of ussue Under
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Ficure =3 Tricuspid atresia with the pulmonary artery ansing
from a rudimentary nght ventncle Adulke

such cireumstances the w0 auricles function as a single chamber There 1s but
one aundle and one ventricle, functionally there 15 a bilocutate heart In order
to make  chinacal dragnosis it 1s necessary first to establish the diagnoss of tn

cuspid atresia and a dminutive or absent nght ventricle and then to analyze the
condinon within the auncles

COURSE OF THE CIRCULATION

During fetal life the foramen ovale and the ductus arteniosus are normally
patent Inasmuch as the tncuspid onfice 15 atrenc and the nght ventricle does
not function: all the blood from the nght auncle must flow through the forimen
ovale mto the left auricle and thence to the left ventnicle The left ventncle
pumps the blood through the aorta to the body of the fetus and through the
ductus arteniosus into the branches of the pulmonary artery and thence 1o the
lungs {nasmuch as the lungs do ot function duning fetal Yife, the normal flow
of blood ta the fungs 1s mintmal, hence the absence of the nght ventnidle places
hide strain upon the fetal aarcalation The heart at barth 15 of normal size Fig
ure vin-4 shows the course of the fetal circulation when there 15 tricuspid atresia
and pulmonary atresta Fagure vitt-5 shows the course of the fetal arenlation
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Fieure viti-4  Fetal arculation (A) Non functioning night ventricle
and a well formed aunicular septum and (B) normal heart

when 1n spite of the tricuspid atresta the pulmonary artery arses from the 1n
fundibular chamber of the night ventricle

After birth some circulation to the lungs must be established, usually this 15
by way of the ductus arteriosus It 15, of course, possible to have other pathways,
such as a transposed pulmonary artery or a truncus artertosus Such conditions,
however, represent additional anemalies (discussed 1n Section & and 1 Chapter
xw, respectively), whereas the ductus arteriosus represents the persistence of 2
normal fetal pathway

As long as the ductus arteriosus remams patent, the blood from the aorta
passes through 1t to the pulmonary artery The pulmonary artery proimal to
the ductus arterrosus usually persists as a small non functioning vessel The main
branches of the pulmonary artery beyond the ductus arteriosus are normally de-
veloped The course of the crrculation 1s shown 1n Dragram vin-1

All the blood which enters the night auncle flows nto the left auncle and
thence to the left ventricle Therefore, the bloed 1n the left ventricle 15 a mx
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Piovas vueg  Feulareulauon. (A) Trcuspid stresia and stenosts
of the nfundibulum and (B) normal heart

ture of axygenated and venous blood The blood 1n the feft ventracle 1s pumped
out throvgh the aorta to the systemic carculation, blood fram the aorta alsa flows
through the ductus astestosus to the pulmonary artery and thence to the Jungs
The oxygenated blood from the langs 15 returned by the pulmonary vetns to the
left auncle The blood from the systenme carcnlation 15 returned by the supenior
vena cava and the imfenor vepa cava to the right auncle, thence 1t flows 1o the
Yeftauncle There the cycle starts again
Absence of the auncalar septum docs not greatly alter the course of the carcu

lation The blood from the supersor vena cava and the infertor vena cava enters
the right sude of the commaon auncle, and that from the pulmonary veins enters
the left sde Al the blood from both auncles flows through the mural vale to
the feft ventncle and owt by way of the aomia to the systerme arculation and
through the ductus artenosus to the pulmonary arteries and the lungs, as shown
m Dragram vin-2

When the nght ventcle remaras as a rudimentary chamber which recewves
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Diacram VIlI=T

Marked by poplassa of the trcaspid onfice and a
non junctiontng gt ¢ entrcle combined with
a well formed atncular septim ptimonary
atresia and a patent ductits arteriosus

I this malformaion there are twa auncles and a single ventnicle the feft The nght
\entricle, even if present 15 diminutine in 1ize and does not function The tecuspud
\alve s atretic o markedly hypoplastic In addiion, there s pulmonary atresa hence
the onily way for the blood 10 reach the lungs 15 by way of the ductus anenosus The
avnicutar sepusm 1s well formed but theee 15 either a small defect or a functionally
paent foramen ovale
The abnormality of the wicuspid valve and the diminutive nght sentricle prevent
the normal flow of blood from the nght auncle to the nght ventnicle W hateser blood
does ener the nght ventrcle cannot escape and becomes clotted The only way for the
bisod to airculate 15 from the nght aundle, through the foramen ovale, mto the left
auncle "Thence 1t flows into the lefe ventricle and 15 pumped owt by way of the 2orta
10 the systerme airculanon and throngh the ductus anenoss to the lungs The blood
from the systemic axrenlation 15 revurned 1w the normal fashion by the supenor vena
cava and the infenor vena cava to the nght auricle and thence to the left auncle Tnas
much s there 15 pulmonary atresta the pressure i the pulmonary areulauon 1s low
and blood wall flow from the aorta through the ductus arteniosus 10 the Jungs This is
the only way by which the blood can reach the lungs The blood from the lungs 15 se
turned 1n the normal fashion by the pulmonary verns to the leke auricle
The volume of blood shunted through the ducuts anersus 1s smalt Consequently
aaly a small amoust of blood reaches the lungs for oxygs and a correspondingly
small amount of oxvgenated blood 15 returned to the left aunicle Hence the pressure
1:): tl;: feft aulnclc remans low Thus aids the fow of blood from the night aurcle to
t}; ;f: zuni e The small amount of oxygenated blood returned to the left auncle and
ge volume of s enous blood shunted from the nght aunicle to the feft auricle pro-
duce cyanosts
As the infant grows and the & 3 ')
supply of blood ‘E‘d\: lung dtcrt‘;::‘sc,anosls becom s normal} the
With the closure of the ductus antenosus the condst D e’y More intense
on usvally becomes incompatible

with bife Death commonly occurs between the ages of th
Climcal diagnoss 1s made b B o e montbs

Y x 13y or fluotoscopic examination Th
¢ shape of the
imrt 1; ch;ractmsuc The absence of the right ventncle causes the left \cntnic‘lcc wen
;‘rgc N the antenior posterior view there 35 absence of the shadow normally cast b
< pulmonary conus In the Jefr antenior-oblique position the enlargement of thy
3




DIAGRAM vin—2

Ductus Artersosus
;
rd

X
)
g
§
&

7



Vil TRICUSPID ATRESIA 85

DIAGRAM ViII-2

Treuspid atresta and a non funcuoning right
ventricle combined with a gross aurtctdar
septal defect pulmonary atresta and a
patent ductus arteriasus

In this maltormauon 10 addmon 1o the non funconing nght ventnicle and the pul
monary atrena there 15 such a gross defect in the auricalar septurm that the (o auet
cles fneon as a sngle chamber Each auncle oceupres sts normal position There 1s
aber tracuspid atresia ot marked hypoplasia of the tneuspid onfice
The blood from the right aunicle cannot leave by 1ts normal pathway st can escape
only by way of the mitral onfice into the left + entricle The blood from the left vemn
Je 15 pumped out through the gorta to the systemic arculation and 15 scuarned by the
supenor vena cova and the 1nfenos vena cava ta the nght auncle Thence it again flows
1nto the left auncle and the left ventncde Inasmuch as there 1s pubmonary atresia, the
pressure 1n the prlmonary arculanon 1s low Solong as the ductus artenosus 15 patent
some blood wall flow from the aorta through the ductus artenosus o the pulmonary
artery Thus 1s the only means by which the blood can reach the ungs The blood from
the fungs 15 revurned by the pulmenary sens an the norma) fashion 1o the left auncle
Thus the left auncle recenes oxygenated blood from the lungs and senous bloed
from the systerme carculation ths misture of artersal and senous blood flows into the
Ieft ventricle and 15 pumped 1nto the aorta The greater poruon of the blood in the
aotta 1s pumped into the systemuc airculation only a relatsely small solume of blood
reaches the fungs for oxygenanon It follows that only 2 smal) volume of oxygenated
blood 15 tevurned 1o the lefr aundle where 16 15 mixed with a Yarge volume of venaus
bload receved from the nght aurcle Cyanous 15 intense As the ducus artenosus
closes the condition becomes incompauble with hic
Chineal diagnons 13 made by « ray or fluoroscopie exarmnation and confirmed by
the electrocardiographue findings Inasmuch as the duranon of Ife g shoart, the heart s
:::E:m:::yisma“ 'cflhc shape of the heart 1s characterisic The nght ventricle 15
o posco i it 0 Ao o e bt el I he
1s an absence of the fullness of the pulmonary conus In

the left antenos-oblique posion there 1s an absence of enlargement of the ncht ventsy
cle The gross defect 1n the awrscular sej

Ptum increases the pessure in the ngh
t auricle
:nd causes dilatauon of the supenor vena cavg A #ystolic murmur may ogr may not
;e present such musmucs are of no dagnos i ad Dunng the neonatal period the
€]
; k::zrur?r;imgra\x'l;-n may show a balanced avs subsequently the clectrocardiogram wall
W 2 left axis deviauon but the unipolar pr
ecordial leads shaw end
ence of lef
trcular dominance whuch s preseat at bicth and conspicuous 1n v v
ey n Ve as welt as wa Vy
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its blood from the left ventricle, the circulation 1s altered only by the volume ¢
blood which 1s pumped from the lcft ventricle mnto the rudimentary right ver
tricle and thence through the pulmonary artery to the lungs In such cases, 2
though the pulmonary blood flow 1s reduced, hife 15 not dependent upon th
patency of the ductus arteriosus Consequently this condition may be compatib
with hfe for 1 number of years The course of the cireulation 15 shown 1 Di:
gram -3

PHYSIOLOGY OF THE MALFORMATION

The altered structure of the heart causes difficulty 1n the expulsion of bloo
from the right auncle and 1 the direction of blood to the lungs Consequentl
there 1s always a reduction 1n the pulmonary blood flow except when the mal
formation occurs 1n combination with a transposition of the great vessels (se
Section 8) The reduction 1n the pulmonary blood flow, combned with the ad
muxture of venous and arterinl blood 1n the left ventricle, causes a marked re
duction 1 the oxygen saturation of the artenal bloed The pulmonary stenost
reduces the pressure 1n the pulmonary artery, hence the malformation does no
injure the lungs When there 15 pulmonary atresia, life 1s dependent on the
patency of the ductus arteriosus or on the development of collateral circulation

CLINICAL FINDINGS

Cyanos:s 1s persistent and usnally dates from birth In this malformation only
2 small amount of blood reaches the lungs for oxygenaton and therefore only
1 small «mount of oxygenated blood 15 returned to the left aurxcle, where 1t 1s
mixed with a large volume of venous blood which has been returned from the
systemic circulation to the night auncle and thence to the left auricle This mix
ture of venous and artertal blood passes from the left auricle to the left ventricle
and 1s pumped out 1nto the aort1 Therefore cyanosis 1s mtense and of umform
distribution

Clubbing of the fingers and toes develops at an early age

Dsfficulty 1n feeding 15 1 common complaint Most infants with this malfor
mation gun weight very slowly Farlnre to gain 1s an ominous sign

The occurrence of attacks of paroxysmal dyspnea 1s usually extremely ser1
ous, such attacks occur as the ductus arteriosus undergoes obliteration More
over, life 15 usually dependent upon the patency of the ductus arteriosus In this
malformation there 15 real danger that the first attach of paroxysmal dyspnea

will be the Jast
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1f the mfant s able to establsh sufficent arcutaton o the lungs, h; Ut

grows the attacks of paroxysrost dyspnea tetween aighteen months and o
¢ he starts tounprove

yn?;f;iﬂ: ::ft‘: 25 common a hpnblt for these chuldren as for those with 2
tetralogy of Fallor Indeed, thair exercise tolerance vartes 1n a silar mannes
to that of patients with 2 tetratogy of Fallot and therr general behastor 15 also
closely swalat

The Hlood pressure 1 narrow and may be difficult to obtan The pulses 1n
the arm and the Jeg are of equal strength

The hyer may or may not be enlaged Pulsations at the margn are fre
quently palpable Esen when the hver 15 normal i size, the heast beat may be
seadily counted by placing ane s hand against the matgn of the Iver 1n the an

tertor axllary kine When such pulsations are paipable, the opening betw cen the
twa auricles s smalt

CARDIAC FINDINGS

The heart 1s usually shghtly enlarged Generally the apex theust 15 palpable
beyond the mud clay scular dine

The quality of the second saund s teathahly pure Since there 15 only ene
great vessel, there can be no reduphcanon of the second sound 3t 1s to beem
phasized that it 1s the paraty of this sound, not the locanon, winch 15 of signifi
cance The pulmome second sound may be douder than the aoruc second
sound This does not mean that the sound ts produced by the closure of the pul
monary valves It means anly that the closure of the gottse valse 15 bester heard
tothe left of the sternum than to the right

Maurmuss may or may not be present The only shaarmal openings which
could cause murmurs are the ductus artersosus and a defect an the aurnicular sep-
tutn The defect betw een the auncles may be so large that the twa aurcles func
tonasasinglechamber The ducns artertostsis not merely aconnicction between
the two airculations but 1 the mam pachway to the lesser cyreulation foasmuch
as the occurrence of 2 murmur depends wpon the size of the operungs and the
relatwve pressure 1n the two crclanons, there may or may not be a murmur
For this reason murmurs ate of no dragnostic tmportance
e s o e o o g e 2 f i

A well formed aunscular sepram wwhen combargc:;m ‘}l‘K e
rght ventnicle, causes the heart to function as a m;:cul oot ﬁmtllﬂmng

ate one, that 15, tw e aun
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Diacran viit-3

Tricuspid atresia and a gross aursenlar septal defect
combined with defective development of the nght
entricle infundibular stenosts and a small
centricular septal defect

The essental features of this malformation are tricuspid atresia and defecre develop-
‘ment of the nght ventncle Inasmuch 2s the trcusprd vale s atretic the bloed must
flow from the night aurcle to the left aucle 1t follows that etther the foramen ovale
15 held open by the hugh pressure 1n the right auriele or there 1s a defect 1 the auncular
septum ‘The only way for the blood to enter the night ventricle 1s from the left venuicle
through 2 ventricular septal defect There may also be infundibular stenosis of the
nght ventacle which places an addiwonal ebsteuction to the flow of blood through the
nght ventricle to the pulmonary artery

The blood flons from the night auricle through the defect sn the auncular septum
1nto the left auricle, where 1t meets the blood which 13 returned by the pulmonany
verns to the left auncle This mexture of venous blood from the nght auricle and
oxygenated blood from the left auncle flows through the muteal valve mnto the left
sentncle From the left ventricle most of the blood 1s pumped out through the aorta
1o the systerme areulavon and 1s rerurned by the superior vena cava and the infenor
sena cava to the nght auncle A small volume of blood 1s foreed through the ventricu
Yar septal delect into the diminutn e nght ventricle from which it 1s pumped 10ta the
pulmonary artery This 1s the only blood which reaches the lungs The blood which
reaches the lungs 1s returned 1n the normal fashion to the left auncle There the cyce
starts agm

Clinscal dragnosis 1 based on the contour of the heart In the anterior postetior
!}e}jam e mbundibular stenosis causes an absence of fullness of the pulmonary conus

e srmall size of the nght ventricle 15 seen in the lefc anterior-oblique position Owiny
10 the complete admuxture of the oxygenated and venous blaod 1 the left aunicle :mg
:xfc!sm:ﬂl volume of blood which reaches the lungs for oxygenation CYanosis 15 intense

er the closure of the ductus anteniosus the blood can sull reach the lungs b
the pulmonary attery therefose, the condu s by way of

on 15 compauble with Wfe for a longer

time than when tricuspid atresta 15 combined with a n &

on funcuamng night ventricle
The electrocardhogram sh 15 devi vidence of t
shows a left axis devianon and end
ency
e of left ventricular pre
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DiAcrAM VII-3

Tricusprd atressa and @ gross gurscular septal defect
combned with defective development of the right
sentrscle injundibubar stenosts and @ small
centricular septal defecs

The essential fea wres of this ralfarmation are tricuspid atresta and defective develop-
ment of the nght ventnicle Tnasmuch as the tricuspid vahve 35 atreue, the blood must
flow fsom the nght aunicle to the left ausicle 1t follows that exther the foramen ovale
15 held open by the hugh pressure m the nght aunicle or there 15 a defeet i the aunewlar
segtur The only way for the blood to enter the ry ghtventricle 1s from the left ventnicle
through 3 ventncular septal defect There may also be wnfundibular stenosis of the
nght ventracle which places an additional obstruction to the flow of blood through the
night ventricle to the pulmonary artery

“The blood flows from the nght auncle through the defoet 1 the auncular sepram
1nto the Iefr aunicde where 1t meets the blood which 1s seturned by the pulmonary
veans 1o the Jeft aancl~ This muxture of venous blood from the nght auncle and
oxygenated blood from the left aucicle flows through the mitral valse into the Jeft
sentricle, From the left ventnicle most of the blood 1s pumped out through the aonta
to the systemic arculation and 1s returned by the superior vena casa and the inferior
vena cava to the nght sunicle A small volume of blood 1s forced through the ventnicy
Tar septal defect 1nta the dinuautsne nght ventncle from which 1t 15 pumped anto the
pulmonary artery Thus s the only blood which reaches the lungs The blood which
reahes the Jungs 1s returned in the normal fashion to the Ieft auncle “There the ¢ycle
starts agamn

Chnieal diagnogns 1 based on the contour of the heaet In
position the nfundibular stenosts causes an ahsenre of fullness of g:: ;:l::l;ryo i‘;::if
;I;hj\ small sn'zc of 511: right ventricle 1s seen in the left antenor-oblique positton Ow g

¢ compl of the oxygenated and venous blaod wn the el auncle and

the small volume of blood which reaches the Jungs for o¥ygenation cyanasts
After the dlosure of the ductus arteriosss the blood can still reach xhcy § o }l: o
the pulmonary artery therefore, the conditton 15 compatible with h;ml? ynay of
time than when tracusprd atresa s combined with 1 o © for a longer

on functioning ngh
The electrocardiogram g night ventrcle
shows 2 Jeft axs deviatron an.
ponderance d evidence of left ventrieular bre
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cles and a single ventricle If the opening m the aurscular septum 1s relatiely
small, that 1s smaller than that of the normal tricuspid onfice, 1t 1s difficult for
the right auricle to expel the blood The condition 1s functonally similar to that
of an acquired tricuspid atresta 1n which 1t 15 difficult for the auncle to expel
the blood through the stenosed tricuspid valve Both conditions are characterszed
by the same chinrcal phenomenon namely, the auricular pulsattons arc trans
mitted to the liver and euse presystolic pulsations at 1ts margin

The differentration of a presystohic pulsation from a systoltc pulsation may
be difficult, sf not impossible, to determine, owing to the sapid rate of the in
fant's heart The two conditions can, however, be distingushed by the size of
the right ventricle and not infrequently by the size of the lner The size of the
nght ventricle 1s determined by fluoroscopy nd that of the lier by palpation
A systolic pulsation occurs 1 association with a great dilatation of the night ven
tricle, tricusprd insufficiency, and engorgement of the liver In contrast to this, a
presystolic pulsation 1n mfancy 1s assocrated wath a tnicusprd atresia or marhed
hypoplasia, which 1n turn occurs 1n conjunction w1th a diminutive or an absent
right ventricle and 2 Inver of normal size It follows that i this malformation a
pulsating liver of normal size combined with the absence of nght ventricular
enlargement 1s presumptive evidence of tricuspid 1tresia and a well formed
aurzcular septum with a relatn ely small defect

A gross defect 1 the anricular septum, when sufficiently large to permit the
frec flow of blood from the right auricle to the left auricle, relieves the pressure
1n the nght auricle, hence the hiver does not pulsate

X RAY AND FLUOROSCOPIC FINDINGS

The absence of the right ventricle causes 1 charactenste change 1n the con
tour of the heart In the anterior postersor position the absence of the right ven
tricle 1s suggested by the absence of the shadow cast by the pulmonary conus of
the nght ventncle The upper margmn of the cardiac shadow to the left of the
sternum, 1nstead of show ing 1ts usual com exaty, 15 concw ¢ (Figures vin-6, 7, 8)
In the left anterior-oblique position the dimnutne size of the nght ventricle 15
indrcated by the fact that the cardiac shadow docs not project toward the an
tertor chest wall beyond the shadow cast by the aorta (see Figures vin—6 and 7)
The left ventricle, on the other hand, 1s enlarged and a considerable degree of
rotation 1s required for the left ventricle to clear the spinal column Therefore,
1n spite of the absence of the nght ventricle, the heart appears to be shightly en
larged, the enlargement, however, 15 entirely due to the increased size of the

left ventricle
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Anterior posterior position

Left anteriar-oblique posttion

Frouse vi6  Trcuspid atresia, a non funcuoning n ght ventncle,
and a well formed aunicular septum Infant
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Egophagus

I3 phogus

ANTERIOR POSTFRIOR FOSITION

E3 phagus
T hea

W

LEIT ANTERIOR-OBLIQUE POSITION

Dicure vii=7  (A) Tricuspid atresia and a non funcuommg nght
ventricle and (B) normnl heart Infant

The diminutive size of the pulmonary artery causes the shadow cast by the
great vessels 1n the anterior posterior position to be narrow Inasmuch as there
1s but a single vessel, upon rotation of the patient 1nto the left antersor oblique
posttion there 15 no increase 1n the width of this shadow In addition, the di
minuttve pulmonary artery renders the pulmonary window abnormally clear

Absence of the auricular septum results 1n a single aunicle Usually the por
tion of the aunicle which structurally represents the right quricle 1s more dis
tensible and dilates more than the left side In early infancy the increased pres
sure on the right side of the auricle causes dilatation of the superior vena cava,
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Ficure vin 8 Tricuspid atresia anon functioning night ventricle,and 2
gross auricular septal defect (same patient as i Figure vm-1) Infant

which 15 readily seen by x ray and fluoroscopy, as illustrated 1n Figures vi-g
and 10

This malformation may be compatible with life for 2 number of years
When this occurs, 1t 15 common to find that the pulmonary artery anses from
the outflow tract of the right ventricle in the normal manner and that the rud
mentary night ventricle recerves 1ts blood from the left ventnicle through a defect
in the ventricular septum

If the infant survives to childhood, as the patient grows the duaphragm de
scends and the contour of the heart cames to resemble that of a tetralogy of
Fallot Generally, however, the cardiac contour 15 more neasly square than s
the tetralogy of Fallot This 1s due to the straight margmn of the nght auncle
and to the shght fullness 1n the region of the pulmonary conus caused by the
rudimentary autflow tract of the right ventricle and the relatnely normal size
of the pulmonary artery (see Fygures vin-11 and 12)

“The hilar shadows may become accentuated as collateral arculaton dey elops
carly and nereases rapidly to compensate for the reduced flowy through the main
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Esophagus

LEFT ANTERIOR-OBLIQUE POSITION

Fieure =7 (A) Tricuspid atresia and a non functioning nght
ventricle and (B) normal heart Infant

The diminutive size of the pulmonary artery causes the shadow cast by the
great vessels in the antertor postertor posttion to be narrow Inasmuch as there
15 but a single vessel, upon rotation of the patient into the left anterior obhique
position there 15 no increase 1n the width of this shadow In addition, the di
munutive pulmonary rtery renders the pulmonary window abnormally clear

Absence of the aurscular septum results 1n a single auncle Usually the por
tion of the auncle which structurally represents the right auricle 1s more dis
tensible and dilates more than the left side In early infancy the increased pres
sure on the right side of the auricle causes dilatation of the supenior vena cava,
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\\ Awreniac posteriar osition
4

Lelt antertar eblique posstion

FIiouRe viui-11 ‘Tricuspid atresia and a rudimentary night ventncle
(same paent as 1 Figure vin-2) Child
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Figure vin-g  Tricuspid atresia, 2 non functioming right ventricle,
and 1 single auncle Infant

Note the dilatation of the superior vena cava

E ophagus

i of
bl

Ficure vit-to  (A) Tricuspid atresia, 2 non functioning right
ventricle, a single aunicle, and a dilated supertor vena cava
and (B) normal heart Infant
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\\ Anterior posterior posttion
\

Left antertor-oblique position

-4

¥ nght ventricle
uent as 10 Figure viar-2) Chalq

Fioure vir1y Tricuspid atresia and o rudimentary
(same pa
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Antersor posterior position Left antersor-oblique position

Fioure vin-12 - Tocuspid atresia Chald

pulmonary artery These shadows are an aggregate of small shadows and do
not pulsate The periphery of the lungs remains clear

In the left anterior oblique posttion, as the heart drops down, the anterior
border of the heart and the aorta form an almost vertical hine, whach 15 frequently
cutin toward the spinal column at the level of the diaphragm The acrtic shadow
15 narrow and the pulmonary window 1s clear (see Figures vin-11 and 12)

ELECTROCARDIOGRAPHIC FINDINGS

The electrocardiographic findings are of diagnostic importance The finding
of a left axis deviation 1n the standard leads, combined w1th evidence of left
ventricular hypertrophy in the unipolar precordual leads, 15 always suggestie
of tricuspid atresia Occasionally 1n young infants the standard leads may show
abalanced axis, or 1n rare mstances there may be even a raght axis deviation The
unpolar precordal leads, however, will umformly show evidence of domnance
of the left ventricle both 1n Vi and in Vs and Ve (see Figure vin-13) this find
ing 1s present at birth *

When there 15 but a small defect mn the auricular septum, the P waves may
be excessively tall and peaked, they are frequently over 5 mm and occastonally
10 mm 1n height These are the so called Himalayan P waves When pulsa
tions are palpable at the margin of the Iiver 1n a patient who has Himalayan P
waves 1n the electrocardiogram, the defect in the auricle 1s certain to be small
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SPECIAL TESTS

The hematology 1s sumilar to that of other patients ith persistent oxygen
unsaturation of the arteral blood The red blood cell count, the amount of
avatlable hemoglobn, and the hematoent reading are all abnormally high Over
the years these patients also show a reduction 1n the number of blood platelets
and n the blood fibnnogen

The crrculation time 15 usually shorter than normal as the blood passes di
rectly from the nght aundle to the left auricle and thence to the left ventricle
and the systemic circulation

The oxygen saturation of the arterial blood 1s greatly reduced and falls sull
further with excrase The artenal oxygen saturation 1s lower when there 1s pul
monary atresia than when the pulmonary artery comes oft the outflow tract of
the nght ventricle Under the former circumstance closure of the ductus arterto-
sus 15 generally fatal The determination of the oxygen saturation of the artenal
blood 15 frequently the best gmde n the evaluation of the seventy of the condt
ton Although the author has known one patient wha lied to tharty five years
of age i whom the resting oxygen saturation of the arternal blood was only
35 per cent such a saturation when obtamed 1n an infant at test 15 omnotisly
low

Cardiac cathetenzation genesally gwes ldle snformarson concerning the
g:j:;‘;‘d‘l’i :;::};Ldn:]t;‘;‘ft»::“‘;‘:rff:l?:::;ily impossible to pass the catheter

s gnosss 15 wrong the catheter will
S:SS through the tricuspid valse 1nto the nght ventricle, the reby dcmonsuaung
at the tricuspid valve 1s not atretic
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Anterior posterior position Left anterior oblique position

Freure sur-12 - Tricuspid atresia Chld

pulmonary artery These shadows are an aggregate of small shadows and do
not pulsate The periphery of the lungs remains clear

In the left anterior oblique posttion, as the heart drops down, the antertor
border of the heart and the aorta form an almost vertical line, which 1s frequently
cut1n toward the spinal column at the level of the diaphragm The 10rtic shadow
1s narrow and the pulmonary window 1s clear (see Figures vi-11 and 12)

ELECTROCARDIOGRAPHIC FINDINGS

The electrocardiographic findings are of diagnostic importance The finding
of a left awis deviation 1n the standard leads, combined with evidence of left
ventricular hypertrophy 1n the umpolar precordial leads, 1s always suggestive
of tricuspid atresia Occasionally 1n young infants the standard leads may show
abalanced axs, or in rare instances there may be even a night axis deviation The
umipolar precordial leads, how ever, will uniformly show evidence of dommance
of the left ventricle both 1n V1 and 1n Vs and Ve (see Figure viir-13) ths find
ing 1s present at birth *

When there 1s but a small defect 1n the auricular septum, the P waves may
be excessively tall and peaked, they are frequently over 5 mm and occasionally
10 mm 1n height These are the so-called ‘ Himalayan P waves When pulsa
tions are palpablc at the margmn of the liver 1 a patient who has Himalayan P
waves 1n the electrocardiogram, the defect 1 the auricle 1s certain to be small
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Auricular septal defect with a rudimentary
1175 ganericle and pulmonary stenosis Child
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Angiocardiography 1s not of great diagnostic aid The left auricle 15, of course,
visualized immeduately after the night auncle This finding does not, how eser,
offer reliable evidence concerning the size of the auncular defect, 1t does not
even ud 1n the differentiation of a gross defect 1n the auncular septum from
patency of the valve covering the foramen ovale Immediately after the left
auricle 15 filled, the dye enters the left ventricle and thereafter both the pulmo-
nary artery and the aorta are filled Figure viu-14 shows the dye 1n both the
auricles Figure vir-15, which was t1hen « fraction of a sccond later, shows dye
in the left ventricle and also i both the pulmonary artery and the aorta The
lateral view of Figure vin-15 shows that the pulmonary artery lies anterior to
the aorta

DIAGNOSIS

The dragnosis 1s based primanily on the finding of persistent cyanosis and
electrocardiographic evidence of left ventricular hypertrophy This combination
of findings always suggests a serious abnormality of the tricusprd valse and of
the right ventricle Murmurs re of no diagnostic significance In infants, and
occastonally in children, the contour of the heart may 4lso be sufficiently char

)5
P \

Ficure vin-14  Auncular septal defect with a rudimentary
nght ventncle and pulmonary stenosis Child
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Frouxe vir-15 - Auniculas septal defect with a rudimentary
nght ventricle and pulmonary stenosis Cluld

Anterior postesior and lateral films taken simultancously
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Angrocardiography 1s not of great diagnostic aid The left aunicle 15, of course,
visualized immedrately after the night auncle This finding does not, however,
offer rehable evidence concerning the size of the auricular defect, 1t does not
even aid 1n the differentiation of a gross defect 1n the auncular septum from
patency of the valve covering the foramen ovale Immedsately after the left
auricle 1s filled, the dye enters the left ventricle and thereafter both the pulmo-
nary artery ind the aorta are filled Figure vin-14 shows the dye 1n both the
auricles Figure viti-15, which was taken a fraction of a second later, shows dye
i the left ventricle and also 1n both the pulmonary artery and the aorta The
lateral view of Fagure vin-15 shows that the pulmonary artery lies anterior to
the aorta

DIAGNOSTS

The diagnosis 1s based primanily on the finding of persistent cyanosts and
clectrocardiographic evidence of left ventricular hypertrophy This combmaton
of findings always suggests a sertous abnormality of the tricuspid valve and of
the right ventricle Murmurs are of no dragnostic sigmficance In infants, and
occastonally 1n children, the contour of the heart may also be sufficiently char

Froure viti-14  Auricular septal defect with a rudimentary
right ventricle and pulmonary stenosis Child
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actenstic to suggest the diagnosis The significant x ray finding 1s the absence
of the pulmonary conus in the antenor posterior position, combined with the
absence of nnght ventricular enlargement 1n the left anterior-oblique position

DIFFERENTIAL DIAGNOSIS

In young infants the condition requires differentiation from a tetralogy of
Fallot and from a single ventricle with pulmonary stenosts, and occasionally
from a truncus arteriosus with markedly reduced pulmonary blood flow, and
also from other malformations associated with defectne development of the
night ventricle, notably defective deselopment of the nght ventnicle and pulmo-
nary stenosis combined with an ntact ventricular septum (see Chapter 1v) and
occasionally from tricuspid atresia combined with complete transposinon of the
great vessels with or without a single ventricle (see Section 5)

A tetralogy of Fallot, especially 1n children, may closely resemble tricuspid
atresta The climcal syndrome may be indisungusshable The two condinons
are to be differentiated by the electrocardiographic findings In a tetralogy of
Fallot there 15 usually a nght ams deviation and evidence of nght ventrcular
hypertrophy, whereas 1n a tricuspid atresta the electrocardiogram generally
shows a left axss devianon and, regardless of age, almost invanably shows est
dence of left ventricular dominance 1n Vi

A single ventricle with a rudimentary outlet chamber may require differentt
ation from a tricuspid atresia combined with defective devclopment of the nght
ventricle In infancy the contours of the heart are stmular 1 the two malforma
tions when viewed 1n the left anterior-oblique position, but 1n the antenior
posterior position their shapes are usually quite different In wfancy a single
ventricle with a rudimentary outlet chamber usually shows fullness of the pul
monary conus

As the mfant grows to childhood and the diaphragm descends, the heart
comes to occupy a more vertical position and the fullness caused by the rudi
mentary outflow chamber disappears The differential diagnosss 15 especially
difficult when the electrocardiogram shows a left axis deviation, as the case
reported by Neill and Brinh * The unipolar precordial leads are usually of ad
1n the differentiation of the two conditions In tricuspid atresia there 1s evidence
from birth of left ventricular dominance 1n Vi, whereas mn a single ventricle,
although there may be a promment R 1 Vs or Vs, the left ventricular pattern
15 seldom pronounced in Vs

A single ventricle may occur in combination with pul ary st s In
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deed, the diference between a single ventricle and a rudimentary nght sentricle
which communicates wath the fefe ventricle 1s prmanly a matter of the forma
won of the ventrcular septurn In the former the outllow tract of the nght ven
tricle appears as a pauch of the common ventnicle, 1 the atter the septal wail
1 well formed and there 15 a relatisely smalt defect through which the outflow
tract communicates with the left ventnicle (compare Figure -2 with Figure
xi-1) Cardhac cathetenzanon will show that the common ventnicle 15 entered
durectdy from the right aurtcle

Truncus arteriosus with markedly reduced pulmonary blood flow may hase
a smilar contour to the heart 1n the antenor postenor pasition, except that the
aortic hnob 15 usually more consprcuous In the left antenor-oblique posiuon a
truncus arteriosus shows enlargement of the nght ventrcle, thus ﬁndmg clcarly
disungusshes st from a non funcuoming night ventncle Further, the electracar
diogram shows evidence of hypertraphy of both ventneles and not a preponder
ant hypertrophy of the left ventncle Upon cardic eathetenzation 3t wall be
possible to pass the catheter from the nght auncle into dhe nght sentricle and
out mto the aorta

Complete transpontion of the great vessels may oceur 1n combination wath
trcuspid atresia and defective development of the nght ventncle (sec Sectian B)

Defectit e development of the right ventricle and pulmonary, stenosis with a
normal trcuspid onfice and no over nding of the aorta s a rare malformation,
nevertheless, 1t does occur (see Chapter 1x) Occastonally this malformaton 1
asspsated with aleft axis devianion and evidence of left ventricylar hypcrtmphy
Usually, however, some evidence of nght ventncutar hypertrophy can be de

tected 10 Vi or Van ‘These findings give the clue to the diagnosss Cardiac cathe
terization will usually show high pressure 1 the nght ventncle Angiocard
ography wll show that a small pulmonary

artery atses from the right ve:
ntricl
but the 2orta will not be simultancausly delineated ¥ ©

TREATMENT

In patents with tricuspid atresia combined with
ultmonar;
atresta the primary difficulty 15 Jack of adequate clrcu[min to the {u;l:sn:;ls or
quently the € patients may be geealy helped by 2 Bialock Tausss gs Conse
by a Potts anastomosts 5 operation or
There s, however, atways the danger that the increased volume of bigod
pressure 1n the left auncle to such *
that the nght suncle vl have difficulty expelling s blood to the 1:?: a:xxulm
ricle
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acteristic to suggest the diagnoss The sigmificant x ray finding 15 the absence
of the pulmonary conus 1n the antenior posterior position, combuned with the
absence of nght ventricular enlargement 1n the left antertor oblique postion

DIFFERENTIAL DIAGNOSIS

In young infants the condition requires differentiation from a tetralogy of
Fallot and from a single ventricle with pulmonary stenoss, and occasionally
from a truncus arteriosus with markedly reduced pulmonary blood flow, and
also from other malformations assoctated with defective development of the
nght ventncle, notably defectrs e development of the night ventricle and pulmo-
nary stenosis combined with an ntact ventricular septum (sce Chapter 1x) and
occastonally from tricuspid atresia combined with complete transposttion of the
great vessels with or without a single ventricle (see Section )

A tetralogy of Fallot, especially 1n children, may closely resemble tracuspid
atresta The clinical syndrome may be indistinguishable The two conditions
arc to be differentiated by the electrocardiographic findings In a tetralogy of
Fallot there 15 usually a nght aws deviation and evidence of nght ventncular
hypertrophy, whereas 1 a tricuspid atresta the electrocardiogram generally
shows a left axis deviation and, regardless of age, almost 1nvanably shows ¢u
dence of left ventricular dominance 1n Vi

A single ventricle with a rudimentary outlet chamber may require differentt
ation from a tricuspid atresta combuned with defectn e development of the nght
ventricle In infancy the contours of the heart are stnular m the two malforma
tons when viewed 1n the left anterior oblique position, but 1n the anterior
posterior posiion their shapes are usually quite different In infancy a single
ventricle with a rudimentary outlet chamber usually shows fullness of the pul
monary conus

As the nfant grows to childhood and the diaphragm descends, the heart
comes to occupy a more vertical position and the fullness caused by the rudi
mentary outflow chamber disappears The differental diagnosis 1s especally
difficult when the electrocardiogram shows 2 left axis devianon, as mn the case
reported by Neill and Brink 2 The unipolar precordial leads are usually of ad
1n the differentiation of the two conditions In tricuspid atresta there 15 evidence
from burth of left ventricular dominance 1n Vs, whereas m a single ventncle,
although there may be a promment R 1 Vs or Vs, the left ventricular pattern
1s seldom pronounced 1 Vi

A angle ventricle may occur 1 coml with pul

y stenoss In
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have hecome sufficiendy entaeged to be of functional wmportance i ti::an{:‘a‘x‘::
tepance of the pulmonary cicufation, or the pulmonary aﬂc}:’y pcrs;;lsr At
uomng rube wineh anses from a small nght veatrrcle, u)uc} m xud o
blood From the lefe ventudle Undes sach crcugmstances the can{ (luou ml) b
compatible with life for a number of years Nevertheless, most o ’l ;cs; g‘n :;;5 "
develop severe polycytherma and are extremely weapaatated A Blalack Taussig
ageration may greatly improve the prognosts

SUMMARY

Tricuspid atresia 1s ahw ays assoctated with defectve derclopment of the tight
ventricle Usually thus chamber 15 absent or cists as 2 diminutine non funcu:n
1g chamber In addstion, thes 1 generally p ) ¥ atresiz Oce:
when theze 35 tncuspid atresta, the primutsne outfow tract des clops wto a ruds
mentary outflow chamber which recewes blood from e left ventrele Under
such crcumstances the pulmonary artesy may arise i the normal fashion Nev
ertheless, there 15 dfficuley 1n the direction of tlood to the fungs, hence there 1s
weal ot functional pulisanary stenoss except in the sare anstances in which there
152 camglete transpostian of the great vessels (see Secuon 8)

Whe the tricuspsd valve 15 atretic the blood fram the nght aungle 15 shunted
it the left auncle and thence to the left sentnele The mixiure of venous and
artersal blood reaches the lungs exher through 2 stenosed pulmonary onfice or
by way of the ductus arteniosus Consequently there 1s both a musore of venous

and artenal blood 1 the left auncle and a reducuon m the pulmonary blood
flow Hence there 1s persistent cyanosis

>

Drfficalty in feeding and farlure to gam are common complaints

Attacks of paroxysmal dyspnea are common and may be fatal

Squatting 1s common 1 patients who surave to childhood

The Iiver may or may not be entatged and there may or may not be pulsa

vons palpable at the margin of the hver The occursence of a pulsaung lver
whick 15 not engorged 15 indicatve of tricuspy

1d atresia and only a small open.
n e aunicular septum ’ pens
Thie heart s but shghtly enfarged The second sound at the base s pure Mur
raurs may or may siot be present.

The duagnasis 15 suggested by the shape of the heart as seen 1n the x 3y o1

by Auoroscapy In the antenior
postenar viewy the shadow cast by the pul
conuss 15 absent In the left anitenor-oblig e dos )

e posttion the right ventricle does noy

project forward towasd the antenior chest wall be S
yond the margin of

and the pul ¥ window 15 ab : oo

lly clear As the patient grows, the heart
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Thus 15 notably true when there 1s only a small defect i the auricular septum
or when the foramen ovale 15 covered by a valve Under such circumstances the
mncreased volume of blood returned from the lungs will close the foramen ovale
and the patient will develop severe nght sided heart faillure Therefore, if the
defect 1 the auricular septum 1 small, 1t may be necessary to enlarge the auncu
lar defect as well as to perform the Blalock-Taussig operation

Although some patients have been greatly helped by the combined pro-
cedure, over a period of years results have not been as good as those for panents
with a tetralogy of Fallot, some patients with tricuspid atresia develop progres-
sive cardiac enlargement and die of cardiac failure withun six to eight months
after operation Inasmuch as the tricuspid orifice 15 atretic and the nght ventncle
1s abnormally small, there 15 vartually no hope of corrective surgery

Glenn® has proposed an end to-end anastomosts of the supertor vena cava to
the nght pulmonary artery 1n order to direct venous blood to the lungs and by
pass the right ventnicle The operation has proved beneficial to some patients but
carries the rish of cerebral edema The long time results cannot as yet be evalu
ated but decrease i the size of the anastomosts would increase the cerebral pres-
sure

In infants falure to gain or the occurrence of attacks of paroxysmal dyspnea
15 usually an indication for operation Whenever possible 1t 1s advisable to deter
munc the oxygen saturation of the arterial blood If the oxygen saturation of the
artenal blood at rest 15 20 per cent or less, the danger of death from anoxema 1s
sa great that 1t 15 justifiable to assume the rish wvolved 1 operation

In older children, however, 1t 1s important to remember that after operation
there 1s far greater danger of development of cardiac failure for these patients
than for patients wath a tetralogy of Fallot Therefore, only if the child 1s severely
incapacitated 15 operation justified Nevertheless, some children have been
greatly helped for many years One of the author s patents did well for aight
years and then cyanosts recurred, now he has agam been improved by a second
anastomosts performed ten years after hus first operation

PROGNOSIS

When trcuspid atresia 1s combined with a non functioning night ventricle
and pulmonary atresia, the prognoss 1s extremely poor As the ductus arteriosus
undergoes obliteration the condition usually becomes incompauble with lfe,
the duraton of hife 1s usually but three to four months Infants, however, have
been known to Live for fifteen months When a patient survives for more than

¢ bronchial arteries
two years, either the ductus arteriosus has remained patent, th
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circumstances the night ventnicle uswally des elops as 2 small chamber which rc
cennes s blood from the Jeft sentrscle "The aorta atises from the nght yentncle
and the pulmonary artery from the lefe ventncle Inasmuch as the nght ventricle
fachs 1ts normal inflow tract, some opensg tx the aurcular septum 15 ey iable,
cuther the foramen ovale remains patent or there 15 a gross defect an the auncular
septum Furthermore, since no bload enters the nght ventricle fram the nght
auricle, the only way for blood to reach the nght ventacle 1s from the left ven
trcle, there must also be a defect i the sentricular septum fndeed, 1f there 1s no
defect in the ventricular septum, the nght ventnicle 15 a bhind sac and the trans-
posed aorta 1s marhedly hypoplastic and atsetc at its base
When the defect in the ventricular septum 15 small, the aorta, wiuch anses
from the night ventricle, may be hypoplastic, as shown 1 Figure sie-16 Whien,
howeser, the defect 1n the ventricular septum 1s relatnely large, the aorta may
beof normal size
The pulmonary artery also may vary 1n size, it may be of normal size with
or withaut pulmonary stenasts, or it may be abnormally small Figure vi17
shows abeart in which there was tricuspid atresia, a relawn ely large defect in the
ventricular septum with an aorta of normal size ansing from the nght ventncle,
andan abnormally small pulmonary artery ansing from the left ventncle
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comcs to occupy a more vertical position and its contour becomes sumilar to that
of a tetralogy of Fallot In the antenor posterior view the contour 15, howeser,
somewhat square and 1 the left antersor oblique posttion the antersos border of
the heart and the aorta form an almost vertical line

The electrocardiogram usually shows a left axis deviation and the unspolar
precordual leads uniformly show evidence of Jeft ventricular dominance n V1
Thus finding 15 so constant that sts presence should always suggest a sertous ab-
normalty of the trscuspid valve and of the nght ventricle

Laboratory studies show evidence of polycythemia The crrculation time 55
abnormally short The oxygen saturation of the artenal bload 15 reduced and
falls sull fusther with exerase Cardiac cathetenization grves Iittle mformation,
ast1s only posssble to pass the catheter from the right auncle to the left auricle
Angtocasdiography 1s not of great diagnostic and

The dragnosis 1s based on the chncal, fluoroscopic, and the all important
electrocardiographic findings

The malformation requires differentiation from a tetralogy of Fallot and
from a single ventricle with pulmonary stenosts, and occasionally from a truncus
arteriosus with markedly reduced pulmonary blood flow and also from defectnve
development of the night ventricle wathout tricuspid atresta

Treatment 1s directed to mcrease the pulmonary blood flow, and either 2
Blalock anastomos:s or a Potts procedure will help If the defect i the auricular
septum 1s small, 1t 15 necessary to combine a systemic pulmonary anastomosis
with enlargement of the defect 1 the auricular septum The long tme results
are not as good as for a patient with a tetralogy of Fallot, because after operation
a number of patents develop progressive cardiac enlargement and mtractable
cardiac farlure Glenn s operation may be of real benefit.

"The prognosts m patients with a non functioning right ventricle 1s evtremely
poor 1f the nght ventrcle recerves some blood from the left ventncle, the pa
uent may survive for a number of years Such patients are usually severely
capacitated The prognosis may be greatly improved by operation

B Tricusprd Atresta Combned with Complete
Transposition of the Great Vessels

NATURE OF THE MALFORMATION

The essential feature of the malformation 15 the combmation of a complete

transposition of the great vessels and atresia of the tricusprd valve Under such
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crcumstances the nght ventnicle usually develops as a small chamber winch re
cenves ats blood from the left ventnide ‘The aarta arses from the aght ventricle
and the pulmonary artery from the lefeventrcle Inasmuch as the nght ventncle
fachs 1ts normal nflow tract, some opemng 1 the aurtcular septum ts mevtable,
exther the foramen ovale remains patent or there 15 a gross defect n the auricular
sepum Furthermore, since no blood enters the nght ventricle from the right
auncle, the only way for bload to reach the nght ventnicle 1s from the left ven
tricle, there must afso be a defect 1 the ventricular septum Indeed, if there 15 no
defect m the ventncular septum, the nght ventnicle 1s a blind sac and the trans-
posed aorta 1s markedty hypoplastic and atreue at ats base

When the defect in the ventncular septum is small, the aorta, which arises
from the nght ventricle, may be hypoplastie, as shown i Figure vin-16 When,
however, the defect in the ventrcular septum 15 relanely large, the orta may
be of normal size

The pulmonary artery also may vary sh s1z¢, it may be of normal size with
or without pulmonary stenosis, ot 1t may be abnormally small Figure vin-17
shows a heart in whach there was tncuspid atresia, a relatinely large defect n the
ventriculat septum wath an aorta of normal size ansing from the nght \entncle,
and an abnormally smalt pulmonary artery ansing from the left ventricle
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Veniricota §
Septal
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Ficure wi-17 - Trcuspid atresia combined with complete transposiion
of the great vessels and a small pulmonary artery ansing from the
left ventricle (same pauient as in Figure vini-19) Chuld

COURSE OF THE CIRCULATION

During fetal life the circulation 1s altered both by the absence of the tricuspid
onifice and by the abnormal position of the norta Al the blood from the nght
auricle must flow to the left auricle and thence to the left ventricle If there 1s
aortic atresia, all the blood from the left ventricle 1s pumped out through the pul
monary artery to the lungs and through the ductus arteriosus to the body When,
however, the aorta comes off the night ventacle, some blood 1s pumped out
through the pulmonary artery to the lungs and some through the septal defect
1nto the night ventricle and thence into the aorta The blood which flows to the
Tungs 15 returned 1n the normal manner to the left auricle and that which flows
to the body 15 returned by the superior vena cava and 1nferior \ena cava to the
night auricle, as shown i Figure vin-18

After birth the course of the circulation remains essentially the same The
atresa of the tricuspid orifice causes all the blood from the right auricle to flow
into the left auricle, where 1t meets the blood returned from the lungs This mix
ture of oxygenated and venous blood flows 1nto the left ventricle If there 1s
aortuc atresia, all the blood from the left ventricle 1s pumped out 1nto the pulmo-
nary artery Thence part of the blood flows to the lungs and part through the
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Frouse w18 Fetal arculauon (A) Tricuspid atcesia and defectne
denelopment of the nght sentnele combined with complete
transposition of the great vessels and a hugh ventriculac
septal defect and (B) normal heart

ductus artenosus to the aorta. The course of the airculation 1s shown 1n Diagram
vin-4 When the aorta anses from the nght ventricle and receives 1ts blood from
the left ventncle, part of the blood from the left ventricle 1 pumped into the
pulmonary artery and part 1s pumped through the ventncular septal defect to
the nght ventncle and thence into the aorta The blood which 15 pumped into the
pulmonary artery goes to the lungs, where 1t 15 oxygenated, and returned by
the pulmonary veins to the left auncle, the blood which 15 pumped from the
right ventricle wito the aorta goes to the body and 1s returned by the superior
vena cava and the inferior vena cava to the nght auncle There the eycle starts
agan (see Diagram vin-5)

PHYSIOLOGY OF THE MALFORMATION

In this type of transposition the left auncle recerves an admuxture of venoys
blood from the nght aurscle and oxygenated blood from the lungs, this muxture
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Fioure vi-17 - Tricusprd atresia combined with complete transposition
of the great vessels and a small pulmonary artery ansing from the
left ventricle (same pauent as in Figure vin-19) Child

COURSE OF THE CIRCULATION
During fetal life the aarculation 1s altered both by the absence of the tricuspid
orifice and by the abnormal position of the aorta All the blood from the nght
auricle must flow to the left auricle and thence to the left ventricle If there 1s
aortic atresia, all the blood from the left ventricle 1s pumped out through the pul
monary artery to the lungs and through the ductus artertosus to the body When,
however, the aorta comes off the nght ventricle, some blood 1s pumped out
through the pulmonary artery to the lungs and some through the septal defect
1nto the nght ventricle and thence 1nto the aorta The blood whuch flows to the
lungs 1s returned 1n the normal manner to the left auncle and that which flows
to the body 15 returned by the superior vena cava and inferior vena cava to the
nght auricle, as shown in Figure vi-18
After birth the course of the arculation remains essentially the same The
atresia of the tricuspid onifice causes all the blood from the night auricle to flow
1nto the left auricle, where 1t meets the blood returned from the lungs This mux
ture of oxygenated and venous blood flows nto the left ventricle If there 15
aortic atresia, all the blood from the left ventricle 1s pumped out 1nto the pulmo-
nary artery Thence part of the blood flows to the lungs and part through the
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Drsgran vii—4

Trcuspid aressa and @ nop functioning right ventncle
bined with complese transpontion of the great
vessels an aunelar sepral defect atresa of the

dorta ag s base and a patent ducius arlerioii

Yoy 33 tomb

Siwe hes eazacly, {1} 2 non funcuoning
nght ventricle and (2) a complere transpossuon of the great essels combraed withs
atresta of the dorta &t wts base

Owiag to the tncuspid atresia the blood whith enters the night auncle cannot
leave by 1ts nocmal pathos ay and must escape through a defect 1n the auncular septum
1t the left aunete Inthe feft auncle there 15 complete sdmuatuse of the venous blood
from the 5 stemse rculauon with the omgenated blood sewurned by the tunys wo the
Yeft auncle This minture of oxs genated and venous Wood passes o the Iefi sencle
and »s puanped out throvgh the transposed pulmonary artery to the Jungs Inasmuch
as the aonta 15 atrenc at s base the only way for the blood to reach the sysiemic e
culanon 15 thraugh the ductus artenosus The blood which s diretted 1o vhe body 15
returned an the normal manner by the supenor vena cava and the infenor veus cava
tothe nght aunicle There the eycle starts agam

Chnical diagnosts Cysnoms 18 always siense The arculation 1o the body is poor
trasmuch as the blood 15 pumped from the left sentricle to the tungs and through the
ductus anenosus to the body there 1s systemic pressure w e pulmonary artery and
hence there 1s pulmonary hypertension. Morgoser a large solume of blood 1s pumped
tothe jungs pulmonary congesuion occurs carly and may be extreme The arculaven
f;‘;‘)‘i :Z:: ‘PSO:;riii :x}:c; g:ril;x;n af Iife 15 to0 short o produce cardsas bypentrophy

e 13y shows an absence of the futlness of the pulmo-

Y coaus w the anterior posterior posion and 2 small rght sentncle n the Yeft an
teaar-obhque posivon The slearocardsogram shows a beft axis deviation and e idenc
of combued fypertsophy and lefe sestneular dopmnance ¢
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DiacraM vI-5

Tricuspid atresta and complete transpasition of
the great vessels an aurcular septal defect
and a sentricular sepeal defect

Thus malformanion combines 4 tricuspid atresi2 and 2 complete 1sanspossuon of the
great vessels ‘The occurrence of the tmeuspid attesia renders incvtable a defect 10 the
auncular seprum The ongin of the aorea from the nght venncle which lacks ats
narmal inflow tract, renders ineitable a defect 1n the vemnculat sepim

Because of the tricuspid atresta the blood from the nght auncle cannot escape by
way of its normal chapael 1t can escape only through the defect 1n the aurscular sep-
tum 1mto the Jeft auricle. There 2t muxes with the blood which enters the eft auncle
from the pulmonary veins This adrmuxture of enous and artenal blood flow s into the
lefe ventricle Part of the blood from the lefr ventricle 3s pumped out by way of the pul
onary artery to the lungs and the oxygenated blood 15 again returned to the left
auncle and the left ventncle Part of the blood »s forced through the ventncular septal
defect 1nto the nght ventricle and thence it 15 pumped out by way of the aorta to the
systemuc airculavon. The blood from the head and the upper extremiues 1s sewurned
10 the normal fashion by the supertor vena cava and that from the lower extremuties 1s
returned by the infenor vena cava to the night auncle. There the cycle starts again

Climeal diagnoss The complete admuxture of venous and artenal blood, combined
with the difficulty 10 the direcnion of the blood to the systemuc airculanion causes 1n

tense cyanosts The incuspid atresia causes the nght ventncle to be smaller than the
left ventnicle. Consequently the elect d

dence of bined hyp

shows a left axis deviauon and evt
phy and left + lar preponderance The completc
transposinon of the great vessels leads to progressive cardiac enlargement and cardiac
tatfure The fact that the pulmonary artery 15 of normal size and anses from the left
ventncle means that the lungs receive blood under systemic pressure ‘The pulmonary
areut: however 15 adequate or and congestion of the lungs 15 common
In brief, this malf shows a of the features charactenistic of a
complece transposition of the great vessels and those which result from the tncuspid
aresia and defective development of the night ventricle P
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DiacraM vVilI-5

Tricuspid atresta and complete transpontion of
the greatvessels an atgrseular septal defect
and a ventricular septal defect

This malformaton combines a tiuspid atres1a and a complete transposition of the
great vessels The occusrence of the tricuspud atresia renders inevitable a defect 1n the
auncular septutn The ongu of the dorta from the nght vemncle, which fachs ns
ormal anflow tract readers inewitable a defect 1n the ventrcular septum

Because of the tncuspid atresia the blood from the nght auncle cannot escape by
way of its normal chanacl, 1t can escape only through the defect 1n the auncular sep-
twen wnta the Jeft aunle. There 1t muxes wath the blood which entess the feft auncle
from the pulmonary veins Thus admiature of venous and arterial blood flows inte the
Teft ventrcle. Part of the blood from the left ventncle 1s pumped out by way of the pul
monary artery 1o the lungs and the oxygenated blood 15 again returned to the left
auncle and the Jeft ventricle Part of the blood 1 forced through the ventricular septal
defect 1nto the right ventricle and thence 1t 15 pumped out by way of the aorta to the
systemu¢ circulation. The blood from the head and the upper extremities 1s returned
1n the pormal fashion by the supenor vena cava and that from the lower extremities 1s
returned by the wnfenor vena cava to the nght auncle. There the cyele stasts again

Clinical diagnosis The complete admixture of venous and artenial blood, combined
with the difficulty 1n the direction of the blood to the systenuc carculation, causes 1n

tense cyanosis ‘The tricuspid atresta causes the nght ventncle to be smaller than the
left ventncle Consequently the elec

shows a Jeft awns deviation and evs
dence of combined by pertrophy and left ventricular preponderance ‘The complete
transposition of the great vessels leads to progressive carduac enlargement and cardiac
fatlure The fact that the pulmonary artery 1 of nofmal size and anses from the lefc
ventricle means that the Jungs recenve blood under systermc pressure The pulmona
arculation however 15 adequate or excessive and congestion of the lungs 15 mmmorrz'
In brief tus maf n shows a comt of the features charactensuc of a
complete transposition of the great vessels and tho

se which result f;
atcesia and defective development of the nght ventricle Tom the trcuspid
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of venous and arterial blood flows 1nto the left ventricle Consequently the same
adnuxture of venous and artersal blood 15 pumped into the 10rta and out through
the pulmonury artery to the lungs If there 1s no stenosis of the pulmonary orifice,
the total circulaton to the lungs 1s normal or excessive but the effectve flow 1
reduced Furthermore, the origin of the pulmonary artery from the left ventricle
means that blood 1s pumped 1nto the pulmonary artery under the same pressure
as 1t ts pumped 1nto the aorta Consequently, unless there 1s stenosis of the pul
monary valve, there 1 always pulmonary hypertension The adequacy of the
systemic curculation depends upon the size of the ventricular defect When the
defect 1s mimnute or the aorta 15 atretic at ts base, the condition 15 phystologreally
and chnzeally stmular to that of aortic atresta and the duration of life 1s extremely
short (see Chapter xur, Section 4)

The larger the defect the more readily 15 blood directed to the aorta hence
the duration of life1s longer Nevertheless, the condition usually leads to progres-
swve cardiac enlargement and cardiac failure at an early age

If there 1s pulmonary stenosts, more blood 1s forced through the septal defect
to the nght ventricle, the systemic carculation 1s thereby 1ncreased and less bleod
goes to the Jungs for oxygenation Under such circumstances, although the Jungs
are protected from the hugh pressure m the left ventricle, the effective flow may
be greatly reduced and the oxygen saturation of the artersal blood 1s proportion
ally low

CLINICAL FINDINGS

Cyanoss dates from birth and 15 of umform distnbunon It 15, however, not
necessanily intense

Resprrations are rapid When there 15 pulmonary atresta or extreme pulmo-
nary stenosts, the mfant may suffer from attachs of paroxysmal dyspnea Such
attacks are absent 1f the pulmonary artery 1s small but the pulmonary pressure
15 hugh

Pulmonary congestion occurs when the pulmonary artery 15 of normal size
If the aorta 1s atretic, pulmonary congestion occurs early and remains severe
throughout the nfant s brief life The occurrence of pulmonary stenosss or an
abnormally small pulmonary artery protects the lungs and renders the condition
more compaublc with life

The exercise tolerance of the child varies but 1t 15 not severely Iymited unless
there 15 real difficulty in the direction of blood to the lungs

The liper 15 usually enlarged and may extend to the umblicus

T2 100w 1ate mmamfestation
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CARDIAC FINDINGS

The size of the heart vanes with the size of the aorta and the pulmanacy ac
tery When exthes of the great vessels s atretic, the duration of life 15 so short that
the heart remains small

When both grea essels are of functional impostance, the duraton of hfe 1s
langer Indeed, when the aorta s of normal size and the pulmonary artery s
small or moderately stenosed, the condition may be compatble w 1th hfe for a
number of years The heart becomes moderately enarged

The second heart sound at the base 18 accentuated as the aorta 1s displaced
antenorly and to the left Reduphcation of the second heart sound indscates that
both great vessels axe of relatnely narmal size Murmurs are of no great diag
nosuc aid Usually there 1s 3 5y stolic murmur A gallop iy thm may or may not
be preseat

Progressive cardsac enlargement 1s the rule when both great vessels are of

normal size Consequently the condation feads to cardiac farlurc at an carly age

Carduac farlure ss mantfested by congestion of the lungs, engorgement of the
hser, and edema of the extremuties There may even be ascates

X RAY AND FLLOROSCOPIC FINDINGS

The contour of the heart varies wath the relatnve size of the great vessels, the
age of the patient, and the duration of hife

When the pulmonary artery 1s atretic the lungs are excessuvely clear and the
contour of the heart 15 stnmlar to that 1 other cases of a non functioning nght
ventricle, 35 shown i Figuses vin-6 and 8

H:]}:;n the aorza 1s atretic at ts base and the pulmonary artery 1s of normal
SIZE,
mm,1 ough the contour of the heart 15 stmalar to that which occurs with pul
ar
¥ atresia and a non functioning nght ventncle, the lungs ace nat unduly

clear but duratson of bfe 0o short for hlar ows to €0
may be t
y short for hular shadows to become nspicu

m:; A:}: n:cl(x;l Z:“rrtuu ;; ‘;); lr:ormal 3¢ and the pulmonary artery 15 abnormally
when e oL e t;l:ut 15 l:omcwhnt square This contour 15 accentuated
g (o rches o v:] nght and dusplaces the supesior vena cava to the
e mt““)H)b‘glu“c 119} and under such arcumstances examination
Thelung o Thc: puan:)::on will show that the nght ventricle 1s small
placed pulmonary artery coursesa:z :}v:;i;‘!” e becae he oot

structure of the heart 1n this coratunation

gs at an abnormally low level The
Vi

£
300 thex ray of the cxse s ; l ga::mahcs 1s tlustrated 1n Fy, gure

€ Vi-19
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Froure sni-19 - Tricuspid atresia combined with complete transposition
of the great vessels and a small pulmonary artery (same
patient as 1n Figure vin-17) Cluld

When both great vessels are of normal size, the heart undergoes progressne
cardiac enlargement, as 1t does mn other cases of complete transposition of the
great vessels, both ventricles become enlarged and the nght auricle may be
dilated There 1s a concave curve at the base of the heart to the left of the sternum
and congestion 1n the lungs, as shown n Figure vii-20 Examunation of the
pauent mn the left antertor oblique position shows great enlargement postertorly
and little or no enlargement antertorly

ELECTROCARDIOGRAPHIC FINDINGS

The standard leads usually show a left axis deviation and almost mvariably
the unipolar precordial leads will show evidence of left ventricular dominance,
whach increases as the patient grows older

SPECIAL TESTS
The red blood cell count, the t of avarlable hemoglobin and the hema

tocrit reading are always ncreased
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q 1
Fioure vin—20  Triuspid atresia comt with comp

s Ly
of the greatvesscls and alarge pultmonary artery Child

The oxygen saturatson of the artersal blood 15 always reduced

Cardiac catheterszation s usually of no great diagnostic aid, as 1t1s frequently
impossible to pass the catheter beyond the right auncle

Angrocardiography shows prompt opacsfication of the Jeft auncle smmeds
ately after the nght auncle 15 filled, and before esther ventricle 15 delineated
When both great vessels are present, they are visuahzed smultancously In the
lateral film the aorta 15 seen to lie anterior to the pulmonary artery

DIAGNOSIS

The diagnaosis 15 based upon the finding of a left axis deviation and evidence
of left ventricular d ¢ 1 the electrocard:

gram of a cyanotic patient with
a heart which has a concave curve at 1ts base to the left of the sternum When

ths finding 1s combined with increased vasculanty of the lungs, it 15 clear eve
dence that the pulmonary artery 15 transposed and 1s of normal size

When the pulmonary artery 15 small the duagnosis 15 difficult, as the conds
tion simulates a non functioning nght ventricle without transposition of the
great vessels The absence of paroxysmal dyspnea and of squatting suggests that
the tricuspid atresia 1s combined with 2 transposition of the great vessels

When a complete transposition of the great v essels combined with atresta of
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the aorta at 1ts base 15 associated with tricuspid atresta and a non functioming
right ventricle, the course of the circulation 1s stmilar to that of other types of
aortic atresia and the contour of the heart and the electrocardiographic findings
are similar to those of a non functioning night ventricle

DIFFERENTIAL DIAGNOSIS

The condition requires differentiation from tricuspid atresta without trans
position of the great vessels, from a single ventricle, and from other types of
complete transposition of the great vessels

Tricuspid atresia without transposition of the great vessels 1s always assoct
ated w1th reduced pulmonary blood flow As previously mentioned, the contour
of the heart 1n this malformation closely resembles that which 1s found in tricus-
prd atresia when the great vessels are transposed Angiocardiography may be
necessary to determine which of the great vessels Lies anterior to the other

A single ventricle may be confused wath tricuspid atresia and transposition
of the great vessels Usually the electrocardiogram differentiates the two conds
uons If the electrocardiogram shows a left axis deviation and evidence of left
ventricular hypertrophy, cardiac catheterization may be necessary to determne
whether the left auricle or the common ventricle 1s entered from the nght aun
cle

Other types of complete transposition of the great vessels show clectrocar
drographic evidence of a right axis deviation and night ventricular hypertrophy

TREATMENT

Medical treatment 1s palliative, surgical treatment 1s difficult and often 1m
possible

When cither of the great vessels 1s atretic the condition of the infant 1s too
precarious for surgery to be attempted

When both great vessels are of functional importance there are three major
considerattons to be tzhen 1nto account (1) the adequacy of the pulmonary
blood flow, (2) the size of the opening between the two auncles, and (3) the
size of the ventricular defect

When there 15 pulmonary stenosss, the airculation to the lungs may be
creased by a systemic pulmonary anastomosts, but 1f such 1s attempted due con
sideration must be gnen to the size of the aunicular defect If the only com
munication between the two auricles 1s the patency of the foramen ovale, the
increased arculation to the lungs will close the valve and precipitate right sided
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cardiac farture, therefore 1t may also be necessary to create an aupcular defect
The heart, however, may not be abletoadjust to the altered circulauon \

In some nstances the ventrrcular septal defect 15 so small that 1t 1s difficult
for the left ventricle to expel the Blood which 1t secerves from the lungs The
creatson of 2 ventracular septal defect 1s far more difficult than that of an aunicu
lar defect At best st would only change the malformation to that of a single
ventricle

PROGNOSIS

“The prognosts s poor ‘The duration of hfe depends upon the size of the great
\essels and the size of the intracardiac shunts The condition frequently leads to
progressive cardiac enlargement and cardiac fadure Most infants with this md
formation die 1n the first year of ife, afew may Ineto chuldhood

SUMMARY

Tricuspid atresta may occur 1n combmnanon with a ¢ plete transposition of
the great vessels Under such curcumstances the nght ventncle, from w hich the
aorta anses, 15 of functional importance and recesses its blood from the left ven
trcle through a defect 1n the ventricular septum The pulmonary artery, which
anses from the left ventncle, may be normal 1n size, abnormally large, or ste
nouc Unless there 1s pulmonary stenosis, there 1s always pulmonary hyperten
sion Inasmuch as the aorta anses from the nght ventncle, which recenves 1ts
blood from the feft ventricle, there may be difficulty i the establishment of the
systernic arculation
Cyanass dates from birth and s usually intense

The exercuse tolerance of patients with this condition vaties with the sex ertty
of the pulmonary stenosis and with the adequacy of the systerme arculation

The heart tends to undergo progressive enlargement The second sound over
the pulmonary area 15 accentuated, murmurs are varable The x ray shows a
somewhat square contour With a concave curse at the base of the heart to the
left of the sternum The vasculanty of the lung fields vanies wath the size of the
pulmonary orifice

The candition requires differentiation from a single ventricle combined with
a ransposition of the great vessels, and from other types of tricusprd atresia and

also other types of complete transposion of the great vessels
Treatment 15 usuall

y unsatssfactory The structure of the heart 15 so grossly

abnormal that there 15 Wittle chance of surgical rehef Only 1f the patient suffers
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from pulmonary stenosis and lack of adequate pulmonary blood flow 15 there any
hope that a systemic pulmonary anastomosis will help, and even then 1t may be
necessary to combine this procedure with the creation of an auncular septal
defect
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CHAPTER 1M

DEFECTIVE DEVELOPMENT OF HiL
RIGHT VENTRICLL

EFECTIVE development of the nght v entricle may occur as an solated
imalformation wth an mtact ventncular septum and wathout trcuspid
atresia There are at least twa types of abnormality 11 the development

of the nght ventrcle assocuated with a normal tricuspid onifice The more com
mon type 1s the one 1n which the nght ventncle 1s abpormally smalt but s of
funcuonal importance 1 the directton of blood ta the lungs In such mstanees
the putmonary artery 1s abnormally small and usually 1ts onfice 15 stenotie In
tare 1nstances the pulmonary stenosis 35 so extreme that there 15 sirtual pulmo-
nary atresia The malformation differs from the usual pulmonary stenosis ith
an itact ventricular septum 1n that the nght ventricle 1s so small that 1t cannot
pusmgp its full load and 15 unable to dilate to meet the demands of the body Chint
cally the conditson more closely resembles a tetralogy of Fallot with severe pul
monary stenosis or atresta than 1t does a pulmonary stenosis with an intact ven
tricular septum. This snomaly is presented in Secon a

The other type occurs when the defect i the deselopment of the nght ven
tacle s of such a nature that the nght ventricle 1s a large chamber with a thin,
flabby wall The wall 1550 poorly developed that the nght ventnele 1s an ieffec

uve pump The electracardiogramn usually shows a left axis deviation This con
ditton 1s discussed i Section B

A Defective Development of the Reght Ventricle
with an Intact Ventricular Septum

NATURE OF THE MALFORMATION

In thus malformatson the night ventracle fails 1o expand and grow normolly

1t remains a small chamber A small tricuspid valve opens into 1t 1 the normal
manner ‘The ventmcnlar se;

prum 25 intact and a sm:

from this chamber Usually there 15 a cap hike stcno:x]sl t}))fuir:;zs};\z:\‘:: ! ;“;S“

iigur: L ll]uslmfcs 2 heart of this type The stenosis may be so cxtrc!);:aﬂ\l:t
ere :ls afi pulmonary atresia § the mnfundibular tract 13 ex

temely narrow but leads to a duminutnve pulmonary valve wath tny but noy
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Fused cusps of
pulm valve

ea marg n
of foramen ‘ovale

Rudimentary S %tk
© veniricle

Left
ventricle

Rudimentary £3
right veniricle

Freure m-1  Defective development of the right ventricle with valvular
g
pulmonary stenosts and an intact ventricular septum (Case iv-1) Child
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Ficuse 182 Defectine development of the nght ventncle
with extreme anfundibular stenosis

Note also the pouch extending from the left auricle
o the left ventncle

mally formed cusps, as shown n Figure 1x—2 In the latter nstance the nght
ventricle was abnormally small, with marked narrowing of the outflow tract and
a small pulmonary artery, and 1n addition there was an extraordinary mem
branous pouch which ¢xtended from the foramen osale into the left auncle and
partually obstructed the mitral onfice Consequently the infant suffered not only
from an abnormally small night ventricle and pulmonary stenosis but also from
mutral stenosis Lattle wonder that in thus instance life was of such short duration
that no studies were obtained

As 1n all types of malformations there are all grades of seventy The nght
ventnicle 15 always abnoxmally small but, of the pulmonary stenosts 15 nat ex
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tremely severe, the patient may live to childhood , whereas, 1f the stenoss 1s ex
tremely severe or 1f there 1s pulmonary atresta, the condition leads to progressie
cardiac enlargement and cardiac failure 1n early nfancy If extreme pulmonary
stenosis 1s combined with a diminutive right ventricle, the condition 15 function
ally simular to a tricuspid atresta wath a non functioning right ventricle

COURSE OF THE CIRCULATION

The blood from the right aunicle 15 directed to the right ventricle 1n the nor
mal manner and 1s pumped out through the stenosed pulmonary artery to the
lungs, where 1t 15 oxygenated and returned 1n the normal manner to the left
auricle The small size of the right ventricle renders 1t impossible for the nght
auricle to empty 1 the normal manner Hence the pressure mn the night auncle
15 abnormally high, because of this the foramen ovale 15 held open and some
blood s shunted from the right auncle mto the left auricle There the venous
blood from the nght auricle meets the oxygenated blood returned from the
lungs to the left auricle This admixture of venous and oxygenated blood flows
into the left ventricle and 1s pumped out through the aorta to the svstemic circu
latton and returned by the supertor and inferior venae cavae to the night auricle
There the cycle starts again, as shown 1 Dragram n-1 When there 15 pulmo-
nary atresta, the course of the circulation 1 essentially the same as that shown m
Diagram vii-1

PHYSIOLOGY OF THE “ALFORMATION

The small size of the right ventricle and the pulmonary obstruction ncrease
the pressure m the nght ventricle, which in turn raises the pressure in the nght
auricle The high pressure 1n the right auricle holds the foramen ovale open and
a night to-left shunt 1s established at the auricular Jevel The pulmonary stenosis
protects the lungs, so that the pulmonary vascular bed 1s normal

CLINICAL FINDINGS

Cyanoss 1s usually present at burth or shortly thereafter and mcreases as the
ductus arteriosus undergoes obliteration

Clubbing of the extremities occurs early

Polycythema develops at an early age The red blood cell count, the amount
of avarlable hemoglobm, and the hematocrit reading are all abnormally hugh I
the duration of life permuts, polycythemia may become extreme

Dyspneass common but attachs of paroxysmal dyspnea rarely occur
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Growth and desclopment ate retasded Infants wath this malformation usu
extremely slow]

auybgi:c:;:!lg:};ann 1 h):-mtcd {mt she child seldom squats when ured When
short of breath, he simply stops torest. Asthe cluld grows, he gradually becomes
progressively more sncapacttated This 1s i stuhang contrast to the duld with a
tetsalogy of Fallor, who usually smproves between tho and five years of age

The Iiwer1s often enlarged and may be huge, frequently there ase pudsations
palpable at the smargun of the lner

Edemaand asaites are Jate mamfestations

CARDIAC FINDINGS

The size of the heart vanies with the seventy of the abnormality The beart s
always somewhat enlarged The condition leads to progressive cardiac enlarge-
meat The rate of enlargement vanies with the size of the nght ventnicle and the
seenty of the pulmonary stenosis Thus there may be only shght enlargement
atsx years of age, as shown i Figure -3, or there may be tremendous enlarge
ment at four months of age, as shown 1n Figure 1x~4 The second sound to the
left of the sternum 15 weak or absent A systolic murmur may of may not be
audible

The malformation causes great cardiac enlargement and termunal cardiac

faslure with engorgement of the Iner and edema of the extremities and cven
asates The lungs, however, usually remain clear

3 RAY AND FLUDROSCOPIC FINDINGS

The heart ssusually enlarged and may be huge In the antenor posterior post
vion there 15 a narrow pedicle at the base of the heart and the upper margw of
the shadow ta the left of the sternum has a concave curve The right aurcle 1s
shghely enlarged and the vascular markings are decreased, as shown 1n Figure
3

In the left antenor-oblique positzon there 15 no enlargement of the nght ven
tracle but the left ventncle extends abnormall ;

y far pasteriorly Own
monary stenosis the pulmonary wandow s clear ¥ Owngiothe pul

If the pulmnnary stenosts 15 extreme, the nght auricle and the left ventricl

are enlarged, the heart hes hor Uty upon the diaph and the | .
excesstvely clear as shown Figure 1x-4 Under suci: c)r?ur;stmccs 1 “‘:}35 ;‘ o
antenior-oblique view, the enlargement of the 1y 1ght auncle may exze, ’d . [‘Q o
teniorly as to suggest great nght ventneular enlargemeny ar{d th: \::Lr:crual:r
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tremely severe, the patient may live to chuldhood, whereas, if the stenosis 1s ex
tremely severe or if there 1s pulmonary atresia, the condition leads to progressie
cardiac enlargement and cardac faiture in early infancy If extreme pulmonary
stenosis 1s combined with 2 diminutis e iight ventricle, the condition 1s function
ally stmular to a tricuspid atresia with a non functioning night ventricle

COURSE OF THE CIRCULATION

The blood from the right auricle 15 directed to the right ventrcle 1n the nor
mal manner and 1s pumped out through the stenosed pulmonary artery to the
lungs, where 1t 15 oxygenated and returned 1n the normal manner to the left
auricle The small size of the nght ventricle renders 1t impossible for the nght
auricle to empty 1n the normal manner Hence the pressure mn the nght auncle
1s abnormally high, because of this the foramen ovale 1s held open and some
blood 1s shunted from the right auricle into the left auncle There the venous
blood from the nght auricle meets the oxygenated blood returned from the
lungs to the left auricle This admixture of venous and oxygenated blood flows
into the left ventricle and 1s pumped out through the aorta to the svstemc circu
lation and returned by the supersor and inferior venae cavac to the nght auricle
There the cycle starts agam, as shown m Diagrim -1 When there 1s pulmo-
nary atresta, the course of the airculation 1s essentially the same as that shown 1
Dragram vir-1

PHYSIOLOGY OF THE MALFORMATION

The small size of the nght ventricle and the pulmonary obstruction mncrease
the pressure 1n the right ventricle, which 1n turn raises the pressure in the nght
auncle The high pressure in the nght auricle holds the foramen ovale open and
a night to-left shunt 1s established at the aunscular level The pulmonary stenosis
protects the Jungs, so that the pulmonary vascular bed 15 normal

CLINICAL FINDINGS

Cyanosts 1s usually present at birth or shortly thereafter and ncreases as the
ductus artertosus undergoes obhteration

Clubbing of the extrermities occurs early

Polycythema develops at an ewly age The red blood cell count, the amount
of available hemoglobun, and the hematocrit reading are all abnormally high 1t
the duration of life permuts, polycythemia may become extreme

Dyspneass common but attachs of paroxysmal dyspnea rarely occur
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DiacranM Iv-1

Defective development of the right ventricle sith
valuudar pulmonary stenosis and an tntact
ventricular sepium

“The fundamental feature 1o this matformavon 1s the defective development of the
nght ventricle, from which a small pulmonary artesy anses, in addivon there 1s usu
allv stenous of the pulmonary valse The ventnicular septum 1s intact The foramen
ovale 1s held open by the hagh pressure in the nght aunicle

Part of the blood from the nght auncle flows 1nto the small nght ventncle and 15
pumped outthrough the stenosed pulmonary artery to the luags, w here st1s oxy genated
and returned to the fett auncle 1n the normal manner Owing to the smail size of the
nght ventricle, 1t cannot accommodate all the blood whuch is returned to the nght aun
cle Hence the pressure 1n the night aunicle nises and some blood 15 forced through the
foramen ovale to the left auncle and muxes with the oxygenated blood returned by the
pulmonary vemns to the left auncle This admixture of artenat and venous blood flows
1m0 the left ventncle and 15 pumped out through the aorta to the systemic errculavon
1t1s returned n the normal manner by the supenor vena eava and the aferior vcna
cavato the nght auncle There the cycle stants agman

Climeal diagnosts ‘The infant suffers from persistent ¢yanosis, which dates from
birth but does not suffer from attacks of paroxysmal dyspaea, nevertheless the pa
uents mcapacity becomes progressively greater a3 he grows older ‘The heart 1s shghuly
w© ‘modcratc\y enlarged with 2 concave cunve at s base. The second sound over the
:l ry area1s & hed and the pu} y vascular marhings are reduced The
VEEUMArdmgram shows only shght evidence of hy pertrophy of the nght ventricle in

1and an early transition zone to left ventricular domtnance
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Left antersor-obhique position

Rught antesor-oblique pasition

Ficure x5 Defective development of the nght ventricle with extreme
pulmonary stenasis and an 1ntact ventricular septum (same
patient as 1n Figure sx~4) Infant

shadow extends abnormally far posteniorly (see Fagure r¢-5) The pulmonary

window tsclear In the night anterior-oblique postian there 1s na enlargement of
the left auncle

ELECTROCARDIOGRAPHIC FINDINGS

The dearocardiogram gives the due to the Siagnoss There may or may not
be a nght axis devianon The unspolar precordral leads always reveal less evr

dence of nght ventnicular hypestrophy than would be expected from the clinseal
picture There may be an R wave of moderate hesght 1n Vs, but never the evs
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Figure -3 Defective development of the right ventricle with valvular
pulmonary stenosis and an intact ventricular septum (Case 1»-1) Chuld

Ficure 1x-4 Defective development of the night ventricle with extreme
pulmonary stenosis and an intact ventricular sepum (same
patient as n Figures v, 7) Infant
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{cfr anterior obligue postion

Rught anterior-oblique position

Fioure -5 Defective development of the nght sentricle with extreme
pulmonary stenosis and an sntct ventriculas septum (same
patent as 1 Ligure 1n-g) Infane

shado s extends abnormally far posteniorly (sce Figure inv-5) The pulmonary
window 1s clear In the nght antenior oblique posstion there 1s no enlargement of
the left auricle

ELECTROCARDIOGRAL HIC FINDINGS

The electrocardiogram gises the clue to the diagnosis There may or may not
be a mght axis deviation The unipolar precordsal leads always reveal ks v
dence of nght ventncular hypertrophy than would be expected from the clunieal
picture There may be an R wave of moderate height 1n Vi, but never the evs
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Fioure -3 Defecuve development of the night ventricle with valvular
pulmonary stenosis and an 1ntact sentricular septum (Case 1x-1) Child

Froure -4 Defecuve development of the nght ventnicle with extreme
pulmonary stenosis and an 1ntact ventricular septum (same
patient as 1n Figures 1n-5, 7) Infant
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nght ventacle are marhedly clesated Indeed, the pressuren the nght ventsicle
may be gher than the systemic pressure The aorta cannot be entered from the
aghtvennde It may not be possible to cathetenze the pulmonary artery If the
pulmonary artery 1s entessd, the oxygen content will be the same as or lower
than that of the nghs ventucle and the pressure willbelow

Ifthe patient s cathetenzed through the saphenous vesm, 1t 18 frequently pos-
sible tocatheterize the Jelt aurscle through the foramen ovale, which s held open
by the high pressure n the nght auncle The oxygen saturation i the left aun
e, the lefe ventricle, and the femora) artery ss seduced

dngrocardography shows a Jarge nght auncle i which the dye hingers {or
same time Usually the dje 15 seen to pass to the Jeft auncle and the left sentricle
aswell as to the nght ventricle The nght sentricke 15 seen to be small and the
pulmonary artery may or may not be visualized, depending on the seventy of
the pulmaenary stenosis The aorta 15 not opacified until after the left aundle has
filled Furthermare, mn the lateral view the aorta 1s seen to anse 1 ats norma)
poswon

DIAGNOSIS

The dragnos:s is based upon the occurrence of intense ¢yanons and increasing
mcapacsty Although cyanosis daves from birth, a hustory of attacks of paroxys-
mal dvspnea 1s seldom obtained and the child rarely squats when tred When
the right ventricle 15 tiny or when the pulmonary artery 15 ateetic at its base, the
heart enlarges rapidly and cardrac farlure oceurs in nbancy Whien the com}: tion
1sless severe, the malformatton may simulate a tetralogy of Fallog but che elect
cardsogram shows less evidence of sight ventricular by pestrophy ©

Angrocardiography wall show that the nght ventricle 15 abpiormally small
and that the aorta has no connection with 1t Cardiac cathetertzanor ri i
that the right ventrcular pressure 1 abnoamall; y high m il el

DIFFERENTIAL DIAGNOSIS

In early wnfancy the condition re

quires differentuation fr

cardiac enlargement and cardiac failure, notably * pure* pulc“:::;hcr causes of

a :clvfcxc degree and Ebstem s anomaly of the tricuspid valve, and "{ 5‘; povs of

1 Oélmauog n which both vessels azse from the sighe vcn;ndc n[ " o the

& 1: ,:1 lclz:d moln may be l:onfustd witha tetralagy of Fallot mmc: older chil
pulmonary blood flow ! 5 arteriosus

ventncle vith pulionay st a tacuspd atresia, and possibly 3 single
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qﬁ‘ mr‘}

Froure -6 Defectrve development of the nght ventricle with valvular
pulmonary stenosis and an 1ntact ventricular septum (Case 1x-1) Child

1 H M AVR AL AVF Figure 1n-7  Defecttve development of the
nght ventricle with extreme pulmonary

- [ R |

[ }T stenosts and an 1ntact ventricular septum
’l{" -J"; B (same patient as in Figure 1x~) Infant
- Fi i

J
=Pt -

. 17
V5R VI V3 V5 Vo

dence of extreme nght ventricular hypertrophy such as 1s charactenstic of severe
pulmonary stenosis with an 1ntact ventrcular septum Usually the precordial
leads show as much evidence of left ventricular dominance as of nght ventricu

lar hypertrophy Thus V1 may show an § wave of greater height than the R
wave, 1n addition there 1s frequently an carly transition zone to left ventricular
domnance The P wases are tall and peahed, definitely of the Himalayan type

Indeed, the combination of Himalayan P waves and relatwely httle evidence of
nght ventricular dominance 1n Vi (see Figures n-6 and 7) 1s always suggestive
of this malformation

SPECIAL TESTS

The red blood cell count, the t of avarlable hemoglobin and the hema
tocrit reading are all abnormally high
The oxygen saturation of the arterial blood 15 teduced and may be extremely

low
Cardiac catheterization shows essenually the same oxygen content 1n the
nght auncle and the night ventricle The pressures i the right auricle and the
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TREATVENT

When the night seatricle 1 abnormally small and the aorta does not m:r
e the venericular septum, a systemic pulmonary anastomosts luads to nght
sided cardiac fadure {see o ratne Case 1%-1)

Analvalotomy 15 of some benefit but the small size of the nght ventnicle pre
wents that chamber from carrysng s full load Indeed, the nght ventricle 1s so
small that a transventnicalar vabyulotomy 18 wopossible, hence the operation
must be done through the pulmonary astery under direct viston Unfortunately
the rehef of the pulmonary stenosis does Dot alter spprectably the uze of the
right ventacle, which remarns abnormally small For thus reason, after vabvulos
oy, ao astempt should be made to cose the auncular defect, as st acts as an
escaperalve for the hagh pressure i the auncle

The larger the nght ventricle, the greater 15 the beaefit derved from opera
uon. Furthermore, the Yarger the nght ventricle, the langer s the conditzon com
patble with life For this reason the operation 1s usually of greater benefit 10
chuldren than to infants

When the nght veatricle 1s exeremely small, Glenn s* operation to by pass
the nght ventrucle by the anastomosts of the supenior vena cava to the nght pul
monary artery may also be of benefit

PROCNOSIS

The pragnosts 1s poor but sanes wath the size of the nght ventncle When 2
dmnaee nght sentrcle s combined wath pulmenary atress2, the prognosis 15
extremely poor When the right ventricle ts a fair sized chamber, the condition
way be compatible with ife for a number of years Usually the cluld becomes
progressively more severely mcapacrtated

Operation etther tg reliete the pulmanacy stenosis o to by pass the nghtyen

tcle allevsates the condition but the abnormatuty n the size of the rightventricle
feains 3 permanent handicap

SUMMARY

Defective development of the nght ventacle with an intact ventrrcular se
;ulm Places a great strain on the sight side of the hearr The condinion 15 a!mol:;
ways assotiated with pulmonary ste;
s P y stenoss, exher vaivular, nfundibular,
Cyanosis dates from birth and o

TEASCS 1 antensyty D
the wfant does not suffer from attacks of pacoxysmal d}ysptf::f e e matked bue

or
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‘Pure’ pulmonary stenosis with 2 normal nght ventneular cavity always
shows far greater electrocardiographic evidence of night ventricular hypertophy
mn Vi than does the malformation under discussion, by the time that carduac fail
ure develops the electrocardiogram usually shows the pattern of so-called nght
ventricular “strain

Ebstein’s anomaly of the tricusprd valve may be confused with defective de
velopment of the night ventricle and an intact ventricular septum 1 carly i
fancy, because the characteristic electrocardiographic pattern of Ebstein’s anom
aly s frequently not present 1 the early months of Iife In Ebstein’s anomaly the
engorgement of the Iver 1s not associated with pulsations at 1ts margm and
cardiac catheterization reveals a normal pressure 1n the right ventnicle and in the
pulmonary artery

The origin of both greas vessels from the right ventricle causes early per
sistent cyanosis and may lead to progressive cardiac enlargement and cardiac
falure The electrocardiogram, however, shows clear evidence of nght ventricu
lar hypertrophy 1n the precordial leads Angrocardiography reveals carly opacifi
catton of the aorta as well as of the pulmonary artery

A terralogy of Fallot differs from defective development of the night ventn
cle and an 1ntact ventricular septum 1n that, when cyanosis appears early, the
fant almost mvanably suffers from attacks of paroxysmal dyspnea The heart
15 usually of normal size and the electrocardiogram shows greater evidence of
right ventricular hypertrophy in Vi Angrocardiography will show that the aorta
receves blood from the night ventricle

Tricaspid atresia il prdnionary sienosis or atressa differs from the malfor
mation under discussion 1n that the electrocardiogram showss a left axs deviation
and evidence of left ventricular hypertrophy

A truncus artertosus with reduced pulmonary blood flow causes the heart to
assume a totally different contour The condition does not lead to progressive
cardiac enlargement and cardiac fatlure In older children the two malforma
tions are seldom confused

A single ventricle with pulmonary stenosts differs from the malformation un
der discussion 1 that, when pulmonary stenosts occurs 1 combination with a
single ventricle, the infant suffers from attacks of paroxysmal dyspnea and the
chuld squats when tired The patient, however, generally improves during early
childhood, whereas when the right ventricle 15 abnormally small the chuld be
comes progrcsswely more incapacitited Furthermore, when there 1s but a single
ventricle, anglocardxography reveals early opacification of the aorta
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TREATMENT

When the nght ventricle 15 abnormally small and the aorta docs not over
nde the ventncular septum, 2 systemic pulmonary anastomosts leads to nght
sided carduae farlure (sce lustratine Case 1e-1)

Aahulotomy 15 of some benefit but the small size of the nght sentricle pre
vents that chamber from carrying its fult oad Indecd, the nght ventricle 15 so
small that a transsentricular valvulotomy 15 impossible, hence the aperation
must be done through the pulmonary artery under dircet vision Unfortunately
the relicf of the pulmonary stenosts does ot 2lter appreciably the size of the
nght venatncle, whach remans abnormally small For thns reason, 1fter valvulat
omy, no attempt should be made to close the auricular defect, as 1t acts as an
escapealve for the hugh pressure n the aunicle

"The larger the nght ventricle, the greater 15 the benefit derved from opera
tion Furthermore, the larger the right ventricle, the longer 1s the condition com
patible with life For this reason the operation 1s usually of greater benefit 1o
chuldren than to wfants

When the night ventricle 15 extremely small, Glenn's' operation to by pass
the nght sentnele by the anastomosss of the superior vena cava to the nght pul
manary artery may alsa be of benefit

PROGNQSIS

. The Pprogoass 15 poor but varies with the size of the nght ventnicle When a

imingtse nght ventricle 1s combined wath put y atresia, the prognosts 1s
extre

<snely poor When the night ventricle 1s 2 farr sized chamber, the condition

w3y be compauble with life for a number of years Usually the chuld becomes
progressively more severely incapacitated

Qper:
mdgi;l]:‘uon either to rehies e the pulmonary stenosis or to by pass the right ven
e 1ates the condition but the abnormality 1n the size of the 11 ght ventncle
1ns 3 permanent h:mdmp
SUMMARY
Defectne &
gl evelopment of the nght ventricle with an 1ntact ventncular sep
s s :‘i!s{ su;;ln on‘ the nght side of the heart The conditon 15 almost
ed with pulmo
bat pulmonary stenosis eather valvular, snfundibular, or

Crang
e ‘:fan?;sudms from burth and tnereases in wtensity Dyspnea 1s marked b
esnot suffer from attacks of Pparoxysmal dyspnea "
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The heart undergoes progressive enlargement If the condition 1s severe, 1t
leads to cardiac failure 1n carly infancy If less severe, the heart enlarges so slowly
that the cardac findings may simulate a tetralogy of Fallot

The electrocardiogram, however, shows less evidence of nght ventricular by
pertrophy than 1s usual 1n 2 tetralogy of Fallot or 1n a severe pulmonary stenosis
with an 1ntact ventricular septum Nevertheless, the P waves are often of the
Himalayan type

Angrocardiography shows a huge nght auricle and a small night ventrcle,
the pulmonary artery may or may not be visuahzed The aorta 1s seen to arise n
1ts normal posterior position

Cardiac catheterization reveals lugh pressure mn the night auncle and m the
right ventricle, 1f the pulmonary artery 1s entered, the pressure will be low

"The diagnosis 1s based on the finding of early deep cyanosts m an infant who
does not suffer from paroxysmal dyspnea, who has evidence of right sided car
drac falure, and whose electrocardiogram shows little or no evidence of nght
ventricular hypertrophy

The condition requires differentiation from ‘pure” pulmonary stenosis, Eb
stein s anomaly of the tricuspid valve, the ongm of both vessels from the nght
ventricle, a tetralogy of Fallot with pulmonary atresia, trscuspid atresia, and oc
castonally from a truncus arteriosus or a single ventricle with reduced pulmo-
nary blood flow

Operation for the relief of the pulmonary stenosts or to by pass the right ven
tricle lessens the incapacity of the patient but does not elimnate the basic ab
normality

The prognosis 1s poor

Hlustrative Cases

Cise -1 G K (Harnet Lane Home, No A-66254) White female First scen
at the Cardiac Chinic 1n October, 1948, at six years of age with the chicf complamnts of
cyanosis and shortness of breath

History The cyanosis had been present since birth and was increasing in intensity
A murmur and a thnll were first detected at one year of age The child was short of
breath on muld exertion, but she did not squat when tired and she never had attachs of

xysmal dyspnea
Pa“;’/z]}ntal e);fmmalwn The child was small and poorly developed although 1;1
tensely cyanouc, she was bright and cooperative The heart was of approximately
normal size, the heart sounds were of good quality At this ime no murmurs were
audible and the second sound at the base was not reduplicated
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Labgratary daza Red blood cell rouni :)l;limlhoﬂ hemoghobin 35 ., hematocsit
n saturationt of artersal blood 37 pet cent
& P;(_::: ‘T‘;\?i%cart was slightly enlarged with a concave curve at the base to the Jeft
of the stevnum and reduced bilar mashangs {sec Faguse ne3d

Electrocardragram There Was 2 night aus devanon, Lt shere was also enidente
of deft as well 2s nght \entncalar hypmmp\\y m Vieand the P wares were abnormathy
tugh {sce Figure 16}

Clinscal smpression Altbhough the absence of sqoatny, and the absence of attachs
of paroxysimal dy spaca were agmnst the dugnosis of a tetralog y of Fallor, the chuld was
obniously suffenng from reduced puimonasy blood flow She was so sick that spectal
studies ssere deemed dangerous

Subsequent course Yo Oacber 1953 a subclavian palmonary uasomasts was pet
formed by Dr Alfred Blloh The chudd s color immeduarely improved but on the
aightk pastoperatise day she decloped vight sided cardiac faslure The heart became
greatly enfarged The Iivex sncreased 10 size and pulsated The child deseloped pleural
effosion asates, and edema Digstabs and druretics wete of no avad repeated thota
centeses gave no rehef

To January 1949 cardiac cathererizaton revealed the oxygen content of the bieod
wthe supenior vea casa to be 1335 volames pee cent and dhat i the nght avacle snd
nght ventricle 1o be 30 and 1327 volumes per cent respectnely  Fhe pressuce in the
night ventricle was 1102y mm of mercury ‘The saturation of the arteriad blood was
83 per cent, Ap angiocardiogram showed thar the dye passed from the supenior vena
<ava to the nght auncle, where st bingered for a long time. The nght ventncle was
never well opatified but appeared to be small At dhie end of three seconds there was a
suggestion of apacificanon of the matn pulmonary ancry and a8 Wie some ume the
sortz was fandy visuahzed  The sora appeared to anse from the left ventacle 1o ws
normal position
\m::;:e‘ilz:?; :::;Etcj ;l;alt tlk[x‘c \t;x:u:cula; septum was antact and that the right
faihure D Blaloch umzlcd an '.\um:h: ; ? rns the iuracable bt suded cardac

elect on Janvary 29 A weel Jater

A e L T

of congestive carduac faure ived for ancther month and then dicd
Autopsy No 21671 (periormed by

e _nl;)i " mik(z: ucmmd'y;‘f‘; Wharton) Interest was centered upon the

dilated
he aupeular sepum showed that 10 addsu 2nd Rygecerophied Examsnavon of

o8 10 the large operative defect (w0 of the

the pauent

the f
tovuspid vabve was small and distorted by the vcf: r:;:/t: Dava]i;nbad s i The
£x~1) The nght ventaicle was Nery small papuilary muscle

(see Figure
5 % alf wag approximately the "

same thick
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ness as that of the left ventnicle The cavity of the nght ventncle was small but nor
rudimentary The ventnicular septum was intact There was a valvular pulmonary
stenosts The cusps were fused together, forming a conical dome with a perforaton
which admutted only the tip of a small probe The pulmonary artery was small but
ballooned out to a aircumference of 2 6 cm The anastomosts was intact and 1ts margis
smoothly healed The pulmonary vems returned normally to the left auricle, the left
aurcle wself was normal except for the defect 1n 1ts wall The mutral valve, the left
ventricle, the aortic valves, and the aorta were all normal

Fraal anatomical diagnosis Pulmonary stenasts with an intact ventricular septunm,
hypertrophy of an underdeveloped right ventricle, dilatation and hypertrophy of the
nght auncle and patency of the foramen ovale, a surgical auncular defect, and anasto
mosis of the proxmal end of the right subclavian artery to the side of the nght pul
monary artery

Comment Although the basic malformation resembled that usually seen 1n pul
monic stenosis with an intact ventncular septum, the cavity of the right ventricle was
much smaller In this instance the pulmonary stenosis was secondary to the defectne
development of the right ventricle The nght ventricle was so small that, even if the
pulmonary valve had been normal, the ventricle could not have pumped a normal
volume of blood to the lungs

Defective development of the right ventricle may occur i combination with
acom plett transposition of the great vessels and a In g/) ventricular septal defect,
as illustrated 1n the following case report

Case -2 Baby F (Harnet Lane Home, No A~23101) Whte female Admitted
to the Harnet Lane Home 1n December 1941, at two days of age because of episodes
of cyanosts

History Birth was reported as normal, with onlv an eight hour labor Fhe baby
was cyanotic at birth and there was great difficulty in resuscitation Resprrations were
established 1n fifteen minutes but the baby became cyanouc on nursing The following
day she became intensely cyanotic and was brought to the hospiral

Physical exannanon The infant s color was fairly good when she was quiet but
became tensely cyanotic when she cried The heart rate was rapid, the sounds were
of good quality There were no murmurs The lungs were clear No abnormaliies
were noted 1n the abdomen ‘The extremuties showed cyanosts but no edema

Laboratory data Red blood cell count 71 mullion white bloed cell count 9,960
hcmoglobm 28 gm The unne showed a trace of albumin and rare red blood cells and
was loaded with epithelial cells and white blood cells The Wassermann reaction was

ncgauvc
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Fioure 18 Defective development of the night vent ncle combined
with complete transpositson of the great vessels and pulmonary
atresia (same patient as 1n Figure 1x-9) Infant

X ray The heart was boot shaped with an absence of the fullncss of the pulmonary
conus and a narrow shadow at the basc to the left of the steraum (see 1 1gure 1x-8)
Electrocardiogram None was obtatned

Chnical course The infant died at four days of age.

Chinscal evaluation of the facts presented at a clmical pathologseal conference The
contour of the heart was charactenstic of a non functiomng nght veninicle. Neverthe
less the early death of the patsent pomnted to a condition even more serious than that
of a non functionung nght ventricle with pulmonary atresia. Hence the author s diag
nosis was a non funcioning nght ventncle combined with plete transp of
the great vessels and aortic atresia as such a malformation would cause great difficulty
1 the establishment of the systemic aisculation

dutopsy No 1,695 (performed by Dr Sloan) The heart was small The superior
vena cava and the infenor vena cava opened 1nto the nght auncle ‘The tncuspid valve
was small and opened mto a diminuuve nght chamber The foramen ovale was cov
ered by a valve but 1t was not sealed and had a rubular opeing 05 cm 1n diameter,
wio the left auncle The pulmonary veins opened into the left auncle The mutral
valve was normal and opened 1nto a small but normally formed left ventricle There
was a high ventricular septal defect The aorta arase from the night ventnicle and par
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DiacraM 12

Defectir¢ development of the night ventrcle wuhthe
aorta ansing marnly from the nght sentnicle
pulmonary atrena an aurtcubar septal
defect avenmnicular septal defect
and a patent ductus arteriosus

In tus malformation the development of the nyht yentricle as defectne the aorta s
transposed and shghtly over ndes the ventriculas septum and the pulmonary anesy,
which arises from the left vemnicle, 1s atrenic at ns base,

The blood from the nght auncle flows 1 part into the nyht ventrcle and 1 part
through the suricular septal defect into the feft aunde All the blood which enters the
nght ventricle is pumped out into the aorta Most of the blood 1n the avrta 2 directed
ta the systemic circulaton ang returned 1n the normal manner by the supenior vena
cava and the inferior vena cava to the nght auncle, Inasmuch as there 15 pulmonary
arena the pulmonary pressure semains low, some blood from the aorta will flow
through the ductus arteniosus to the fungs The blood which 15 direcied to the lungs 1s
returned by the pulmonary vains to the left auncle. Thus the lelt suncle recenes a
small amount of oxggenated blood from the fungs and alse veaous blooad from the
nght auncle This adouxture of oxygenated and venons blood #s directed to the Jeft
sentncle The only way for the blood to be pumped out of the left senteicke 15 through
the septal defect it the aorta which over ndes the venncular septum

In thus malformation difficulry 1s encountered 1n the directaon of blood ta the lungs
and also sn the expulsion of blood from the left ventricle into the a0rea

Climical diagnosss "The chimeal ﬁndmgs are ntense cyanosss and a charactensue
::;‘:\“l:‘lc\h:h‘):m The pulmonary atresia causes absence of the shadow normally
o b :sc e Eb ! h:\;ri) cs::u; kh:r(\cc 1n the antenor postenar positon, the shadow at

of the sternum 15 concave In addwon 1w the left an
tersoroblique positon because of the defecuse deselopment of the i he ventricle, th
margta of the cardiac shadow s strarght v el the
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N
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%’Vat!nt Ductus Act o

77 Pul A ends blindly

Interventricular
septal defect |
Rudimentary -
Right Ventricle

Left Ventricle

Froure 1\~ Defective development of the night ventnicle combined
with complete transposition of the great vesscls and pulmonary
atresia (same pauent as in Figure n-8) Infant

ually over rode the left ventricle so that blood from both ventricles was pumped out
into the aorta The pulmonary artery was atretic at 1ts base The ductus arteriosus was
almost completely obliterated The course of the arculauon 1s shown 1n Diagram 1x-2
Figure 1x-9 15 a drawing of the gross speamen

Comment Although the anatomical structure was quite dfferent from that anua
pated, there was defective deselopment of the nght ventricle combined with a more
serious condition than 1s usually found in assoctauon with a non functioning nght
venricle ‘The extreme dextroposiuon of the aorta rendered it dufficult for the left
ventricle to pump the blood out into the aorta The clanity of the lung fields should
have suggested pulmonary auresia

B Defectin the Musculatus e of the Raght Ventricle
Parchment Reght Ventricle

There 15 another anomaly of the nght side of the heart m which the nght
ventricle exists 1s a relatvely large chamber with an abnormally thin wall Two
such cases have been reported 1n which the night ventncle was paper thin and
contaned virtually no heart muscle Uhl reported the case of a seven month old
wnfant 1n whom autopsy showed virtually total absence of the myocardium of the
right ventncle Castleman presented a sumular case at one of the Massachusetts
General Hospital clincal pathological conferences In Castlemans® case the
woman lived for twenty four years and died of congestive failure with severe

ascites
In this malformation, the right ventricle becomes a big, dilated, flabby cham
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ber from which the blood 15 pusmped slowly to the lungs Asin alt mstances of
absormabities of the nght side of the heart, the foramen avale tends to bt held
open by the hugh pressure on the night sede and thus a night to-left shunt 15 estab-
hshed at the aurscular Jevel

The author has secn two panents with maldey clopment of the wall of the
nght ventricle One was a boy of six wha bad shown cyanosts from burth and
whose abnormahiey was meorrectly cagnased as a tewalogy of Fallor Because
of increastng incapacity he had had a Potts operation clsewhere He was referred
1o the author because of progressive cardiac enlargement and severe nght nided
cardiac fasture The history revealed that as an nfant he had ncver had parex
ysmal dysprea and that he did not squat when tized Autopsy revealed a lasge,
dilated, paper thin nght ventncle The myocardium of the nght ventricle was
sirruall sbrent 1t was replaced by fat and fibrous tssue The itnchened endo-
cardium rested upon the epcardium Thus the right sentricle closely resembled
the case reported by Ul The left ventricle, however, showed some scarnng and
evidence of interstinal myocarditis

The other case, teported below, was carefully studied but as the patient 15 Iy
wng, 1t cannot be certarn that the two cases are identcal *

Hustrasve Case

Case 333 H H (Harnet Lane Home, No B-19399) The infant was referred
for diagnasis in March 1958 at the age of seventeen months

The fannly hestory was nan-contnbutory with the only possible exception that the
father was a geawa uninary surgeon as was the father of one other patient with 2 de
fectise development of the nght ventricle

Hustory Growth and development were remarkably normal Lxcept for shight per
sistent cranos:s the hustory was not sigmificant unul the day before admussion, when
the child had 2 mild convalsion and dex eloped a left hemplegna ’

N P:)nml cramnanon Temperature 38°C  pulse 140 respirations 30, weight 8 3
£ height 73 cm The gatient was well nounshed and well dev eloped There w.
shight persistent cyanosis which deepened on crying The left hemuple o
!‘}?kzlh the arm and theleg the eyes were deviated to the nght The heart was enlarged
e thython was regular There was no shoch. and no thif The sounds wer fgf
quality and the onlv murmur audible was  Jos pitched mud-drastohe murmucrl:t ‘:’:

g imolved

* See note on page 145
tFather s professton 15 ment oned only because of the extraos dinary comnerdence that the
t ly
athets af tho patients with the same unususl malormation had the same occupation
fathers of thy X
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apex, such as 1s commonly heard 1n a poorly functioning heart The hver was tno
finger breadths below the costal margin but did not pulsate The pulses were equal
all four extremiues There was no edema

Laboratory data Hemoglobin 143 gm  hematocnit 52 per cent

Teleoroentgenogram The heart was marhedly enlarged and the lung ficlds were
clear (see Figure 1n-10)

Electrocardiogram The P waves in Lead 11 were abnormally hugh and there wasa
left anis deviation ‘There was no evidence of right ventricular hypertrophy, even the
normal dominance of the nght ventricle in Vi was absent (sec Figure r¢-11)

Imtial climeal diagnosis Defects e development of the right ventricle

Spectal tests Cardiac cathetenization revealed that the oaygen saturation m the
superior vena cava was 33 per cent, in the inferior vena cava 23 per cent, and in the
nght auncle varied betw een 25 and 30 per cent In the three samples obtained from the
night ventricle the oxygen saturation was betw een 30 and 4o per cent, the pressure 1n
that chamber was 16/2 mm of mercury The pulmonary artery was not entered The
left aunicle and the pulmonary veins were catheterized and the blood was found 1o
be fully saturated The pressure 1n the left auricle was 12/6 mm of mercury and that
1 the nght auricle was 10/3 mm of mercury The femoral artenal saturation was 57
per cent and the pressure was 110/57 mm of mercury

The low artenal oxygen saturaton showed clear evidence of a night to-left shunt
Tt also offered the probable explanation for the occurrence of the hemiplegia, inasmuch
as cercbral thrombosis may occur 1n infants with either polycythemia or anosema
The fact that the left wricle was catheterized showed that the foramen ovale was
patent or that there was an aunicular defect Although there was a shight increase 1n
the orygen saturtion of the blood 1 the night ventnicle as compared with that 1n the
nght aunicle, the low pressure in the night ventncle clearly excluded a sigmficant over
niding of the aorta 1s the source of the right to left shunt For this reason 1t seemed
probable that the entire nght to left shunt was at the auncular level and that there was
also a small left to nght shunt at this level

Selective angrocardiography was performed 1n order to exclude conclusively a ven
tncular septal defect Furst the catheter was placed in the outflow tract of the night
ventricle and subsequently 1t was placed 1n the left auricle The nght auricle was large,
the tricuspid valve lay 1 1ts normal posiion The night ventricle was seen to be an
enormously dilated extremely thin walled chamber (see Figure mv-12) The aorta was
not visualized ‘The great dilatation of the nght ventricle beyond the tncuspid valve
clearly differentiated this anomaly from Ebstein s anomaly of the trcuspid valve Fur
thermore, there was an area at the apex of the heart mto which dye never entered The
left auricle appeared normal  the left ventricle was displaced upward and occupied 2
horzontal position (see Figure 1x—1 3) The left ventrcle, however, showed evidence
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Anterier posterior position

Left anterior-oblique postion

Fiorre 1v-10 Defective des elopment of the musculature of the
nght ventricle (Case 1x-3) Infant
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apex, such as 1s commonly heard 1n a poorly funcuioning heart The Iner was two
finger breadths below the costal margin but did not pulsate The pulses were equal ;m
all four extremities There was no edema

Laboratory data Hemoglobin 143 gm , hematocnit 52 per cent

Teleoroentgenogram The heart was marhedly enlarged and the lung fields were
clear (see Figure 1x-10)

Electrocardiogram The P waves in Lead 11 were abnormally hugh and there wasa
left axis deviation There was no evidence of nght ventricular hypertrophy, even the
normal dominance of the nght ventricle 1n Vi was absent (see Figure rh-11)

Intial chinical diagnosis Defecuve development of the night ventricle

Speaal tests Cardiac catheterization revealed that the oxygen saturauon in the
superior vena cava was 33 per cent, in the inferior vena cava 23 per cent, and in the
night aunicle varied between 25 and 30 per cent In the three samples obtamed from the
nght ventricle the ovygen saturauon was between 30 and 4o per cent, the pressure 1n
that chamber was 16/2 mm of mercury The pulmonary artery was not entered The
left auncle and the pulmonary veins were cathetenzed and the blood was found to
be fully saturated The pressure 1n the left auricle was 12/6 mm of mercury and that
1 the night auncle was 10/3 mm of mercury The femoral artenal saturation was 57
per cent and the pressure was 110/57 mm of mercury

The low artenal oxygen saturation showed clear evidence of a nght to-left shunt
Tt also offered the probable explanation for the occurrence of the hemuplegia, masmuch
as cerebral thrombosis may occur 1n infants with exther polycythemra or anoxemia
The fact that the left auncle was cathetenized showed that the foramen ovale was
patent or that there was an auricular defect Although there was a shght increase 1n
the oxygen saturation of the blood 1n the nght ventricle as compared with that n the
right aunicle the low pressure in the right ventricle clearly excluded a significant over
nding of the aorta as the source of the right to left shunt For this reason it seemed
probablc that the entire night to left shunt was at the aunicular level and that there was
also asmall left to npht shuntat this level

Selecuve angrocardiography was performed 1n order to exclude conclusively a ven
tricular septal defect Furst the catheter was placed in the outflow tract of the nght
ventricle and subsequently 1t was placed 1n the left auncle The night aurcle was large
the tricuspid valve lay 1n its normal position The right ventricle was seen to be an
enormously dilated extremely thin walled chamber (see Figure iv-12) The aorta was
not wisualized The great dilatation of the night ventnicle beyond the tricuspid valve
clearly differenuated this anomaly from Ebstein s anomaly of the tricuspid valve Fur
thermore, there was an arca at the apex of the heart into which dye never entered The
left auricle appeared normal, the left ventricle was displaced upward and occupied a
honizontal position (sec Fagure -1 3) The left ventrcle however, show ed evidence
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Froure 1¥-12  Defective des elopment of the musculature of the
nghtventricle {Case 1x-3) Infant

Dye s seen first in the pulmonary artery then
1m the right vemtricle
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v AT Pigure =11 Defecne development
H‘ s of the musculature of the nght ventnde
i (Case 1n-3) Infant
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of normal ventricular contractions because there was a conspicuous difference in tts
size 10 systole and diastole

The angrocardiogram cbviously did not show the exact nature of the abnormality
The possibility of a tumor was considered, as it scemed well nigh impossible for a
thin walled, greatly dilated chamber to displace the strong, thick walled left ventricle.
A tumor 1n the septal wall nught displace the left ventricle and either obstruct the
arculation to the myocardium of the nght ventricle or infiltrate its wall to such an ex
tent as to destroy the musculature

I'inal chnical dragnosis Defecuve development of the wall of the nght ventricle—
a large thin walled chamber which was unable effectively to maintain the pulmonary
arculation Left hemiplegia secondary to a cerebral thrombosts

Treatment Glenn s' by pass operation was considered and so was vasculanization
of the nght ventricle such as has been attempted for the left ventricle 1n 1nfants 1
whom the left coronary artery arose anomalously from the pulmonary artery Inas
much as either such operative procedure could be only palliative, operanon was not
recommended because the patient was 1n relatively good condition

Comment The exact nature of the malformation 1s not hnown It1s however, clear
that the pressure in both auricles was nearly the same as that in the nght ventricle and
that the nght ventricle was a large chamber with such a low pressure that 1t was unable
to pump the blood effectively to the lungs

The slight persistent cyanosis the hugh peahed P waves, and evidence of left ven
tricular prcpondcmncc 1n the electrocardiogram all indicated that the nght ventricle,
i spite of its size was seriously defective This was confirmed by the demonstration of
a huge, thin walled chamber 1n which the pressure was low

Regardless of etiology, when the nght ventnicle 1s huge and its muscular wall 1s
so thin that the electrocardiogram shows evidence of left ventricular dominance, the

nght ventrcle s certainly grossly abnormal

This condition may be related to Sir Wilham Osler s famous case of the
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Froure 1x-12  Defective deselopment of the musulature of the
nght venincle (Case 1-3) Infant

Dye s seen first tn the pulmonary artety then
m the nght ventricle
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Ventricular diastole

’1
3
i
:l

Ventricular systole

Desc A

Ficure 1x-13  Defective development of the musculature of the
nght ventricle (Case 1v-5) Infant

Dye 1s seen 1 the left side of the heart
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parchment heart ¢ Hence we have termed the condition a parchment rght
entncle
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CHAPTER X

COMPLETE TRANSPOSITION OF THE GREAT VESSELS

OMPLETE transposition of the great vessels means that the aorta anses
from the nght ventniclcand the pulmonary artery from the left ventn
cle This may occur as an 1solated anomaly It 15, however, frequently

associated with an auricular or a ventricular septal defect and may be assocrated
with almost any cardiac abnormality, as for example, a simgle ventricle In the
latter condition the great vessels arise from a common chamber but the aorta hes
anterior to the pulmonary artery

Furthermore, the pulmonary artery may be of normal size, 1t may be greatly
dilated, or 1t may be stenotic or even atretic Although the same s theoretically
true as regards the aorta, 1t 15 usual for the aorta to be of normal size unless the
anomaly 1s assoctated with some gross malformation which domunates the chim
cal syndrome, such as aortic atresia

The condition 1s more frequently compatible with life when the pulmonary
artery 1s greatly dilated or marhedly stenosed than when both great vessels are
of equal size Nevertheless, the basic principles and the underlying hemodynam
1cs are the same 1n most types of transposition of the great vessels Therefore let
us first consider a complete transposition of the great vessels n which both great
vessels are of normal size, and then the factors which aid 1n the differentiation
of the other types

ETIOLOGY

The ctiology of all types 1s obscure Much evidence has been brought forward
to show that the condition results from an abnormat torsion of the aortic septum
whereby the aortic septum fails to meet the ventricular septum i the normal
manner For a discussion of the etiology of this condition, the reader 1s referred
to the worhs of Rohitanshy," Sputzer,” * Pernhopf and Wirttnger,* Harnis and
Farber,® Bremer,® Emerson and Green,” and Lev and Saphir

A Complete Transposition of the Great Vessels with
Botl Great Vessels of Approximately Noimal Size

NATURE OF THE MALFORMATION
The essential feature of this malformation 1s that the aorta arises from the
nght ventricle and the pulmonary artery from the left ventricle The coronary
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Transpostiion HNormal

Piouns 33 Complete transposition of the great vessels and normal heast

The drawing shaws the basc of the heart wath the gurnles remored

artenes anse from the base of the 20713, winch 15 usually of nogmal swe The
aomta 15 ratated forward and to the left and the pulmonary artery 18 rotared bich
ward a0d ta the tght 1n 2 counterclochwise direction Only rarely 15 the aorta
rotated 50 far to the night that 1 ecoupies the positton of the narmat putmonaty
artery Usually, aithough the aorta arises entitely from the nght veninele, it hes
above the mud portion of that chamber and i smost anstances the pulmonaty
actery comes ta Jie durectly posterior to the aorta {see Figure x-1)

WSome defect withp the heart, aither 2 ventricular septal defect or an auncy
las sepeal defect, 35 generally present Indeed, in order for this malformatten to
be compatible with life, even for a short tume, some pathway must exast which
will permut at Ieast a shght iterchange of blood between the sysemie and pul
menary arcolanons If nenber the ductus arteriosus nor the foramen ovale 1s
patent, there must be an guricular or a ventreular septal defect, or an aortic
septal defect, or an anomaly of the senous return, ar else some combinaon of
these anomaltes

Atbuth the ducws atenosus and the foramen ovale are both normally pat
ent In cases of complete transposition of the grear sessels 11 which there 15 no
other abnosmakity, these pathways conunue after hiteh to be of functiopal 1m
portance and ta play a vstal role in the anomalous arcofanon Indeed, the ques-
won of prime umportance o extra uterme hfe 15 whether thete 15 the pussxhxluy
of some admixture of yenous and artestal blood withun the atereles or withn the
sentricles, or whether life 15 dependent upon the patency of the ductus arterosus
and the foramen ovale

The structure of the hears 1 o complete transposition of the great vessels
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with an intact ventricular septum 15 shown in Figure x-2 In this mstance the
only addtronal malformation which permtted the shuntng of blood from one
curculation to the other was 1 small aortic septal defect

The drawing of a complete transposition of the great vessels with a ventricu
lar septal defect 1s shown 1n Figure x-3

COURSE OF THE CIRCULATION

Durng fetal life, when the great vessels are transposed, the nght ventrcle
pumps the blood to the head and the upper extremities and some of the blood
to the trunk and to the lower extremittes and the left ventricle meets the high
pressure of the unevpanded lungs and sends blood through the ductus arteniosus
to the trunk and lower extremities Consequently the altered position of the
great vessels causes no significant change i the course of the fetal circulation or
mn the amount of work required of the two ventricles (see Figure x-3) At bith
the heart 15 normal 1n size Indeed, the condition 1s so inconsequential to fetal
life that the baby ordinanily lives till termi For tlus reason a complete transpost
uan of the great vessels1s a relatny ely common malformation

After birsh the situation 1s quste different With the expanston of the lungs
and the establishment of resprration, the left ventricle pumps the blood through
the pulmonary artery to the lungs, whence 1t 1s returned 1 the normal fashion
by the pulmonary vemns to the left auricle The blood from the right ventricle 15
pumped out mto the aorta and 1s returned by the superior vena cava and the
inferior vena cava to the nght auncle Thus there 15 a tendency for the bloed 10
be pumped around and around the systemic circulition and 1n a sumlar manner
around the pulmonary circulation

If there are no intracardiac abnormalities, the foramen ovale and the ductus
artenosuss, whach are normally patent at birth, are the only possable pathways for
the crossing of the two circulations As 1s always the case, wath the first breaths of
Iife, bload will flow from the aorta to the pulmonary artery, the blood which 15
directed to the Iungs 15 returned to the left auricle and the left ventricle Inas
rmuch as the valve which covers the foramen ovale closes from left to right, all
the blood from the left auricle will flow into the left ventricle and from there 1t
1s agamn pumped to the lungs Thus the blood re circulates through the lesser ar
culauon As long as the pulmonary pressure remains low, some blood from the
aorta flows through the ductus arteriosus to the lungs Since all the blood which
goes to the lungs 1s returned to the left side of the heart the pressure i the left
ventricle and 1n the pulmonary artery wilf eventually nise
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Arrow in aorha
R;.%x}'}w septaldefect .
Aorhic
septal

defect

Fioure 32 Complete transposiion of the great vessels with anntact
veatnicular septum and an aortie septal defect
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FioLre a-
> Complete transposiion of the great vessels wath a
mgh ventncular septal defect
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HMead and
upper extrees ¢ o5

Faramen
Ovale

Ductus
Venagus

o ou g SO0

Fioure x~  Tetal arculauon (A) Complete transposition of the great
vessels with a patent ductus arteriosus and a patent
foramen ovale and (B) normal heart

When the pressure 1n the pulmonary artery exceeds that 1n the aorta, the di
rection of the flow of blood through the ductus arteriosus will be reversed and
blood wll flow from the pulmonary artery to the systemic circulation The blood
so shunted 1s returned to the right aunicle Thereupon the pressure on the nght
side of the heart will nise, while that on the left will fall As soon as the pressure
1n the nght auricle exceeds that 1n the left auricle the valve covering the foramen
ovale will be forced open and blood wall flow from the night auricle to the left,
thereby agam ramsing the pressure 1n the left auricle and the left ventricle and
the pulmonary artery Thereafter blood will continue to flow from the pulmo-
nary artery through the ductus arteriosus to the descending aorta and from the
nght auricle through the foramen ovale and the left auricle This mechanism,
which 1s shown 1n Diagram %-1, permuts the continuous crossing of the two
crculations so long as the ductus arteriosus and the foramen ovale remain pat
ent As these two pathways undergo normal obliteration, the condition becomes
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sncompatible with hife Infants with ths condittan ysually die withun the Brst
mo;l:l:: 20 pjant with 2 complete transpuaon of the great vesscls to sury nl ¢ ‘:‘h;
Cosure of ferad pathways, there must e an addinona} defect, erther an auric N
or & veattieular septal defect of both (see Diagram x-2) or even, 1n are )
stafices, an 20rc scpm‘ defect The transposiion of the great vessels causes the
Blood whuch 15 pumped aut from the nght ventnele Mo the aorta ta be I;C
turned by the superior vena cva and the infenor vena cava to the ught auncle,
and that which 1s pumped out from the left ventncle into the pulmonaty artery
Yo be reruraed by the pulmonary vesns to the lefe auncle Constquently, even
though a normal volume of blood seaches the fungs, difficulty 15 encountered in
the directzon of vencus blaod to the lungs and of axygenated blood 10 the sys-
cesae aeulation Hence, 1 this matformaion, the greater the volume of the
shuns, the greater 15 the admxture of artenial and venous blood and the less n
tense 15 the cyanosis
Furthermore, sf blood 15 shunted from the night side of the heast 1o the defs,
1t curewlates through the lungs and 15 serusned to the left ude of the hean,
whereas, if 3t 15 shunted from the left side 1o the nghr, 1t arculates through the
body and 15 returned to the nght side of the heart n other words, the blood
which 15 shunted from one side to the other 1s returped 1o the s1de to which a2t
was shunted (see Figure x-5) Consequently the blood tends to pile up on one
tde of the circulation There 15, howenver, a limit 1o the amount of the shunt in
one direcuion, because while the pressure on one side steadily rises, that o the
other sude must fall Wheneser the pressure on one side exceeds that on the
other the direction of the shunt wil be reversed
When the blood is shunted from the Iungs to the systemue arculauon, it 15
easy to understand that the pressure m the systemuc arrculation will soon exceed
that 1 the pulmonary circulation and that the direction of the shunt wall be e
versed ‘Thereupon blood will be shunted From the systemie aarenlation 1o the
lungs anl the pressuse 1n the pulmenary curculation exceeds that 1n the sys-
‘l;?:cx::}:: l;‘::‘mtsc::u‘)\ 2s the pressuse n the pulmonary arculation exceeds
ation blood will again be shunted to the systemic air

cufation When there 15 but 2 angle d
gle defect, the reversat m the d;
shunt ss dhe only mechamsm which o

which it was shunzed Moreuver,
temuc cireulation and of venous
pewa) seversal in the direcuion

pertauts the return of bload to the side from
the direcuion of oxygenated blaod to the sys-
blood 10 the tungs 15 dependent upon the per
of the shunt This mechamism of the piling up
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Ficure a-3  Fetal airculation (A} Complete transposiion of the great
vessels with a patent ductus arteniosus and a patent
foramen ovale and (B) normal heart

When the pressure 1n the pulmonary artery exceeds that mn the aorta, the dt
rection of the flow of blood through the ductus arteniosus will be reversed and
blood will flow from the pulmonary artery to the systemic circulation The blood
so shunted 15 returned to the right auricle Thereupon the pressure on the right
side of the heart will rise, whle that on the left will fall As soon as the pressure
1 the nght auncle exceeds that in the left auricle the valve covering the foramen
ovale will be forced open and blood will flow from the night auricle to the Jeft,
thereby again ratsing the pressure in the left auricle and the left ventricle and
the pulmonary artery Thereafter blood will continue to flow from the pulmo-
nary artery through the ductus arteriosus to the descending aorta and from the
nght auricle through the foramen ovale and the left auricle This mechanism,
which 15 shown i Dragram x-1, permuts the continuous crossing of the two
arculattons so long as the ductus arteriosus and the foramen ovale remain pat

ent As these two pathways undergo normal obliteration, the condition becomes
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Dracrad x~1

Complete transposition of the great vessels sish a pateat
ductus artenosus and s patent foramen ovale

In this malformauan there 1s complete transposition of the great vessels The ductus
artertosus 1s patent and the foramen ovale s coveredd by a vabve which s beld open by
the fugh pressure 1 the night aunicle and pernuts the blood to flow 1n one direction
only namely, from night to left

The blood from the right auncle Aows 1nte the nght venncle, 15 pumped out
sbwough the aotta to the systere arculanon, and s returned by the superior and i
ferior venae cavac to the nght auncle ‘The blood from the left auncle flows tnto the
left ventricle and 1s pumped out through the pulmonary anery to the Jungs whence st
is returned by the pulmonary veins to the left auncle

Inasmuch as the valve covenng the foramen ovale closes from left to nght, blood
can be shunted only through the foramen ovale from nght to left The blood so
shunted ratses the pressure in the left aunicle and the keft ventricle and 1 the pulmo-
nary attery Thesefore some blood from the putmonary anery fluws through the duc
s artertosus to the descending aorta The blood so shunted 1s returned to the nght
auricle thus raising the pressure in the nght aunicle. The foramen ovale 1s agawn fosced
open and some blood from the nght auncle fiows 1o the left auncle and thence to the
Yeft ventricle There the cycle starts again

Chiacal dragnosis The heart becomes greatly enlarged In the antenor postenar
pesition there 1s an absence of the shadow cast by the pulmonary conus and the shadow
cast by the great vessels 1s narrow, this shadow 1ncreases 10 w2dth when viewed in the

lefe antenior-oblique posinon Murmurs are of no disgnosic aid The electrocardio-
gram usually shaws a nght axis deviauon and evidence of nght ventncular hyper
trophy

Cyanoss 1s xatense Inasmuch as the direction of the flow of blood 15 from the pul
monary artery through the ductus arteriosus to the lower extremities the left ventricle
[ pumpmg dganst S)Sltm\c pressure

Furthermore some artenal blood 15 directe

quently 1here 15 pul y hyp
d through the ductus arteriosus to the de
scending aorta hence the Jower extremites are Jess cyanauc than the upper extr

ties “The bine of demarcaton of hie cyano 1s Jies at the brim of the pelwis e -
. u;l"h: double hnes as shown in the lower nght hand block. indicate that the cyanosis
:a grester intensity in the head and the upper extremities than 1 the lower extremm
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Diacrart »-2

Complete transposition of the great sessels 1h
aunelar and ventricular septal defects and
a patent Biesns artersosus

n thus malformauon the aona anses from the nght sentricle and the pulmonary ar
ery from the left ventncle 1 addsuon, there 15 3 gross defect 10 both the suncular
eptum and the ventricular septum The ductus arienosus may remain patent
The blood from the nght auncle flows 1mo the nght ventricle and can be pumped
Jut into euther the aorta or the pulmonary artery Inasmuch as the aona anses from the
nght vemnde the greates past of the blood which enters the nught ventricle 1s pumped
out through the aorta to the systemuc carculation. All the blood m the systenme ctecula
on s retuned by way of the supesior and inferor venac cavac to the nght auncle
Sunstarly the blood which passes from the left aunele 1o the Yeft venncle can leave by
way of the pulmonary artery or by way of the aorta Inasmuch as the pulmonary actery
anses directly from the left sentricle, most of the blood in the left ventricle s pumped
1ato the pulmonary artery This blood goes to the Yungs for oxygenaton aad the oxy
genated blood 1s retuened to the left aunicle and thence ta the left ventricle
The hugh ventricular septal defect offers easy opportunity for some oxygenated
blood from the left side of the heart to be pumped out iato the aora The blood so
shunted 1s veturned to the nght auncle and the nght ventricke As the pressure on the
night side nses blood will be shunted from night to lefr chrough both the auncular
septal defect and the ventnicular septal defect Thereby senous blood 1s dirceted to the
lungs for axygemavon Asn all cases of complete transposstion of the great vessels,
there is always pul y hyp In this malk there 15 ample apporu
mty for shunting blood from one side of the heart ta the other and equal opportunity
for a reversal ta the direcnon of the shunt "The direction of the flow of blood through
the ductus arteriosus will depend upon the relauve pressuses 1n the 201 and the pul
monary artery Howeser the crossing of the twe arcalations is not dependent vpon
g::::‘:x:::' Thclr;{o: the conditson 15 companble with life after the closure of the
C[,mmlr ::Js & AUCtus arteriasus may ot may not be patent
gnoas is based upon the size and the contour of the heart The heart 35

:nldargcd both sentracles are huge “There 1s absence of fullness of the pulmanary conus
and the shadow cast by the great sessels 15 narrow Thus shadow wncreases 10 width
when view ed 1n the Jefe antenor-oblique posion There ma
in the lungs Murmurs are of no ad 1 diag;

axs deviation and evidence of nght ventn

y be esidence of congestion
nosts The lecirocardiogram shows 3 nght
cular hypertrophy
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15 pubmonagy stenosis OF great didatation of the pulmonary artery th:u:l w‘ht;\ \’;\:
pulmenary artery ss of normal size 1 such a balance s established, although ;;
heart 1s enlarged, the enfargement ss not progressive and the condion may
compatible with Ide for 3 number of years {see Sections 8 andc)

PHISIOLOGY OF THE MALFORMATION

In thss malformation, mstead of the two arculations crossng m the normal
way, the blood 1s directed around and araund the systemic arculaton and s
lasly around the pulmonary arelanon Moseover, * 1 venous blood which o
culates thraugh the systemc arculation and oxy genated blood which arculates
through the lungs Consequently, although some crossing of the two arculations
s esse~tral for life, there 15 real dufficulty sn the durectson of venous blood to the
fungs The effecine flow 15 very small Furthermore, in this matformanon the
greater the volume of the shunt, the greater 1s the volume of senous blood di
sected to the langs and the greater 15 the volume of artersal blood winch can be
disected tothebody Hence the greater the shunt, the Yess sntense 1s the cyanons

As presously mentianed, the reversal 1n the direction of the shunt occurs
when the pressure i one cireufation exceeds that of the other, hence a balance
15 established when the pressure s the pulmonary arculation approximates that
n the systemic exrcnlation In ather words, severe putmonary hypertension 1s the
rule This finding has been repeatedly confirmed at operation Indecd, the
author had thought that an end toend systemic pulmonary anastomosss, 1
which the pulmonary artery 15 severed, would reduce the pressure 1 the distal
segment sufficiently so that the anavtomoss might id 1n the direction of blopd
tothe lungs Dr Alfred Blaloch performed ses eral such opesations It was, haw
ever, found that the back pressure 1 the lungs was so hugh that the anastomoss
::: cen the provimal end of the subclavsan artery and the distal end of the pul

ary attery cauld not funcuon Indeed, 3 systemsc pulmonary anastomass 1s

of
no avail except when there ¢ pulmonary stenosts and the pressure in the pul
monary artery 1s low

Edwards® believes and the author agrees, that 1 complete transposition of
the great vessels, a5 1 malformatons where bath great vessels anse from th

same sentricle, the resistance 1o the pulmonary yascular bed probably regul o
e amonnt of blood which 1s directed to the two circulations Be thy (Y o
19 complete transposition of the great vessels, o ol

except when there 1s also
ufm
nary stesosss, pulmonary hypertension 15 the rule e

1t 15 worthy of note that, although the pulmonary blood flow may be exces-
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Ficure \-5  (A) Course of the circulation 1n a complete transposition of the
great vessels and (B) normal crossing of the two arculations

of blood first on one side and then on the other places an ever increasing straim
on both sides of the heart, both ventnicles undergo progressne dilatation and
hypertrophy

The course of the arculation with a ventricular septal defect 15 shown i
Diagrim -3 Defects i the auricular septum are usually larger than those m
the ventricular septum “Morcover, inasmuch as the pressure 1n the auncles 1s far
lower than that 1n the ventricles and the difference between the pressures in the
two auricles 1s shight, a shght increase in the pressure i either auricle represents
afar greater percentage of change than a stmilar rise 1n pressure 1n the ventricles
Therefore the crossing of the two circulations occurs more easily with an aunca
lar septal defect than with a ventricular septal defect (see Diagram =) For
this reason 1nfants with a complete transposttion of the great vessels usually do
better when the condition 1s associated with a gross defect in the aurzcular sep
tum than when 1t 1s assoctated with a ventricular septal defect v

There are 1 few ndnviduals with complete transposition of the great vessels
1n whom the defects within the heart are such that a balance 1s established which
enables the patient to ive for a number of years For this to be possible the load
placed on the heart must be constant In the author s opimon such a balance 1
usually established bya figure of exght  shunt in which the volume of the shunt
from left to right 15 of the same magnitude as that from nght to left Such a ar
culatson can more readily be established when there are two assocated anoma
lies than when only one 1s present When there 1s but a single defect, the crossing
between the two arculations must occur through that defect and a perpetual re
versal 1n the direction of the shunt 1s common When there are two defects, the
shunt from left to nght may be through one defect and that from nght to left
through the other, thereby permittng some degree of crossing of the two carcu
Jattons When the two shunts are of equal volume, the load placed on the heart

1s constant Such a mechanism appears to be more easily established when there
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Discrar -3

Complete sransposition of the great easseds wha
high centricular sepral defert

T thus malformanon the 2orta anses from the nght yemncle, the pulmonacy actcry
Srom the left sentnele. There 1138 addinion 2 ugh ventricular septal defect
The blood from the nght auncle Rows o the nght ventnele, from there most of
the blood 15 purnped out through the aora to the systenuc curculagon and 15 returncd
by the supenior and inferior yenas cavac to the nght suncle Past of the blood from the
nght venincle 1s pumped throngh the sepral defect sato the pulmonary artery Thes
veaous bload from the nght entracle 1s mued with the oxy genated blood from the Jeft
\entnicle and flows co the lungs, where the blood 1s oxygeoated s, however, oaly the
venaus blood fram the nghe venuacle which 1s able 10 1ake up orygen All the blood
from the lungs 15 recurned by the pulmonary \ems to the lefe suncle, theace w flows to
the left veatricle and 1s agun pumped out wto the pulmonary artery fust a5 some
blood from the nght ventricle may pass through the septal defect 10 the pulmonaty
artery sa some blood from the lefr veatricle taay pass through the defect wto the aortz
a whichever direcrion the blood is shunted st 18 returned to that same side Thus mech
antsm tends ta wacrease the pressure o the sade 1o which the blood 1s shumed and
lower the pressure on the side from which the bload 1s shunted Hence the relatine
pressure on the twa sides of the heart 15 revessed Consequently the dsseenon of the
shunt is reversed Thus each side of the heart alternately has an excessive amount of
:\hacrl:s Bath V‘Cnmdcs uaderga gmgrcssuj eolasgement 1t 1s the relause pressure in
Sww‘;; rodau which reg; the a'nd the volume of the shunt The
naty hypm:x:sxon o are app ¥ equal, there ss marked pulmo-
culty howeves, 15 encountered 1n the direction of the
“"Y&:ﬂztc‘j b;oud to the systemuc areulation

Chnical diagnosts Cyanosis 15 ieense Clubbing dev clops at aq eacly age The
:\t:f:l:\l:dé;ggu yim)gmswc estasgement A sysoke warmgat and a gallop rhy%‘nrn are
rac fathure ocours eagly with congestion in the lungs engorgement of the

tiver and ederma of the ¢
xtremutzes The contour of the heart s
epg shaped v
sow pedicle st the base which increases 1n width 3 A

n the left anterior-obi;
The va;culax markings extend aeadly to the penphery of the Iuags The ?::u;::z‘:lon
gram shows a nght axs deviaton and evidence of nght ventriculax by pertraphy -
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Diracrans 2~y

Complete transpasition of the great vessels with
an anrsenlar sepral defect

{a thys malformatton the aarta anises from the nght ventricle, the pulmonary anery
fram the ke ventnicle and there 1s a gross defect in the aungular septum. The ductus
artenosus undergoes normal obhiteraion

"The bload from the nght avncle flows 1o the nght venincle and 15 pumped o
by way of the zotta to the systeauc cieulanon, thence it 18 Tevurned by the superior
and snfenor senat cavae to the nght aunicle. The blood from the left aucicle flows inte
the feft veptnele and 1s pmped qut through the pulmonary artery to the lungs wheace
a5 genuened by the pulmonary veuns ta the left auncle The gross defect in the avnew
tar septum permats the flow of blood 1n aher direction consequensly, as the luags
expand and bload fows readily from the left \entcle 10 the luags and afso through
the ductus astesiosus to the tungs the volume of blood which flows to the luags 1510
creased This increased vofume of blood 1s returned 1o the left auricle, Thesefore the
pressaee n that chamber will tise unul it exceeds that of the night auncle, whereupon
the dsrecuon of the shunt will be reversed There the cycle starts agun Becanse of the
{ow pressure sn the auncles a very shght inctease or decrease 1 abe pressure in wiher
anncle may aher the diection and the valume of the shune Such changes occur re
gardless of whether the ductus arteriosus 1s patent Nesercheless an equilibnium can
ot be established vaul the pul ¥ pressure 13 apy
pressure Con equently there must be pulmonary hypertension

Climical diagnosis Cyanasts 15 obyious bt may nor be as ntense as 3t 15 i ather
types of transpostton of the great vessels The heart 1s enlarged Therc 15 absence of
{;\:ucss of the pulmonary canus In the anteniac posienor posiion the shadow cast by

great vessels s narrow  thus shadow snereases in width when viewed 1a the left
antenor-oblique pasiion Murmurs ase of po diagrosuc sigmficance "The hectrocar
diogeam shows a nghe axis deviation and evidence of nght ventaicular hypenroph

T the defect 1 the auncular septum 15 relatsely | b e u

y large, the Jow pressure i the

aurile permuts the ready shunuog of blood Inasmuch a5 any
ather d\t:;cuoré: beneficial, a balance may be established w);lh :\,::i:v.::l:;;‘ cg;};:;ml:{l
monary blaod flaw and propostionally Itss cyanos P
dingn may be :ompzubl}:: \xb Ife £oz 2 m\r:xhc:; y‘j;gtr such ncumstances he con

3y equal to the systemic
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artenes, both of which arise from the subclavian artenies, the hine of demarcation
osts hics at the brim of the pelvis
o ‘;:s}’ :K:smbuuon of cyanosis 1s most conspienous when a complete transpos
ton of the great vessels 15 combrned with camplete terruption of the isthmus
of the aosta (see Secton p and Diagrat \-g) It 15, however, mast frequently
seenin young safants with 2 complete transpostion of the great vessls in whom
the 1ntsacarduac defect 1s small or absent and both the ductus artenasus and the
foramen ovale are patent
Clubling of the extremities develops as the red blood cell count nses Ttas
usually apparent by one year of age
Pofycythiena steadily ncreases The red blood cell count tmay approach 10
malhion and there 1s a proportionate increase n the amount of available hemo-
globin and 1n the hematocnit reading TE the duration of hife permuts, the second
ary chaoges 1 the blood usval with long standing polyeythemia develop the
blood platelets and the blood fibnnogen are decreased and the blood clot be
comes fruable
Resperatsons are rapd and shallaw
Barrel shaped chest deformaty develops, owing to air hunger and the exees-
sive rapudity of the respirations
Repeated episodes of loss of conscrousness may oceur but attacks of paroxys-
mal dyspnea are rare The pressures in the two circulations are approximately
equal and there 1s no abrupt change in the fow of blood to the Jungs The blood
gradually piles up first on one side and then on the other The infane suffers
from progressive anoxemta untl he finally loses conscrousness Indeed, hie may
die from anoxenua unless the shunt reverses, whereupon he gradually smproves
Dufficulty in feeding and failure to gain are common complatnts \V:xght
gan 15 usually extremely slow because the infant can digest only a small amount

of food ata ime and sumply cannot cat enough to meet the normal requirements
of thebody

Growth and development are retarded The bab:

¥ 15 slow to hold up hus head
alone, to turn over, P

and to craw! Few of these children learn to wall, before
three or four years of age Their excresse tolerance 1 extremely himited and the
quat when red Thewr growth may be extremely stunted (sce Section c) ’
Pulmonary cangestion 15 of common occutrence unless there 15 an associated
plmonasy stenasis Usuatly plenty of blood reaches the Tungs Consequent}
compensation fafs, the patent usually develops riles in the Jun gs etz

The fwer becomes engorged, 1t not snfrequently descends to the umbalicus
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swve, over a period of years collateral airculation does develop Inasmuch as the
aorta carries venous blood, such collateral circulation aids wn the direction of ve
nous blood to the lungs

CLINICAL FINDINGS

The outstanding clinical manifestations arc due to anoxenia, polycythem,
nd difficulty 1n the direction of oxygenated blood to the systemic circulation

Cyanosts may or may not be apparent at birth Regardless of the structure of
the heart, the first breaths of hfe direct the blood to the lungs If the cardrac
septa are intact, great difficulty 1s encountered 1n the direction of the oxygenated
blood to the systemic aarculation Cyanosts appears early and 1s mtense If, how
ever, there 1s free communication between the two sides of the heart, that 1,
there 1s a gross defect in erther the ventricular or the auncular septum, nfants
with this malformation may seem remarkably normal during the neonatal pe
riod Cyanosis may be entirely absent, or 1t may be apparent only when the baby
cries or nurses Indeed, such a baby may be discharged from the nursery as a
normal wnfant with a normal weight gain Nevertheless, inasmuch as the nght
ventricle pumps the blood around and around the systemic circulation, soonct
or later cyanosis almost 1nvariably develops and becomes progressively more
tense

The author has, however, seen two patients with complete transposiion of
the great vessels who showed no cyanosts even 1n childhood Both were operated
on because of large ventricular septal defects In one mstance there was a gross
defect in the auricular septum and 1n the other the ventricular septum was devt
ated so that, although the great vessels occupied their normal positions, the pul
monary artery arose from the left ventricle and the aorta arose from the nght
ventricle (for the findings upon cardiac catheterization, see below under Special
Tests)

The distrsbution of the cyanoss 1s often of great diagnostic significance In
this matformanon the blood from the left ventricle may be pumped from the
pulmonary artery through the ductus arteriosus to the descending aorta Under
such circumstances oxygenated blood from the left ventricle 1s directed to the
trunk and the lower extremties (see Diagram \-1) Consequently the lower ex
tremuties wall be less cyanotic than the upper The difference in cyanosis, though
defintte, 1s not conspicuous and 1s best appreciated by placing the nfant’s hand
beside hus foot Inasmuch as the skin of the thorax and abdomen receves 1ts
nutrition through the nternal mammary arterses and the superficial epigastric



At one month

X *\
Ateightand onc ‘hal months - \
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3
Fieure x-6  Complete transposiuon of the great vessels with 2 ugh

vemtricelar septal defect and a situs tnversus Antersor pasteniae
POS\UOK\ showaintes erse

The resersal of the x says makes 1t easier to compare the contours with
the ¢ of the same malformation 1n 3 heart that occupies its normal posttion
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and may extend to the brim of the pelvis There 15 seldom erther tricuspd 1
sufficiency or stenosts, hence the liver does not pulsate

Edema of the cxtrenmties occurs with cardsac failure

The pulse pressure s narcow, the blood pressure 15 often difficult to obtam

CARDIAC FINDINGS

The heart at barth 15 normal 1n size Unless the duration of Iife 1s too short to
permut the heart to cnlarge, the malformation usually leads to progressie cr
diac enlargement The greater the difficulty 1n the crossing of the two crcul
tions, the sooner the signs of distress become apparent and the more rapidly the
heart enlarges Inasmuch as the nght ventricle pumps the blood throughout the
systemic circulation, that ventricle becomes huge The left ventricle also carres
a full load It pumps the blood around and around the pulmonary arculation
under abnormally ugh pressure, i addition, while the ductus arterosus ¢
mans patent, the left ventricle also pumps some blood through the ductus at
teriosus to the descending norta Hence the left ventricle also becomes gready
enlrged The rate at which the heart enlarges varies with the associated anoma
lies In most mnstances, however, the heart becomes enormously enlarged be
twecn seven and ten months of ge, s illustrated 1 Figures x~6 and 7 Fagures
\~8 and g show the oblique views of the same infant

Nevertheless, occasionally 1 balance 1s established, cardiac enlargement
comes to an end Although theoretically this may occur after any degrec of
enlargement, the patient 1s far more Iikely to survive 1f a balance 1s estabhished
promptly Consequently m paucents wha Ine to childhood and early adult Iife
the heart 1s usually only shightly enlarged

The heart sounds are forceful The second sound over the pulmonary area is
usually accentuated, 1s the 1orta hes far to the left

Murmurs and thrills are of no diagnostic importance The quality and inten
sity of both the murmur and the thrill vary with the nature of the concomitnt
malformation and also with the relative pressure 1n the two circulations Usually
the systolic murmur 1s not very intense Inasmuch as the pressures n the two
circulations are approsimately equal, the systohic murmur generally lacks the
rasping quality characteristic of a ventricular septal defect For the same reason,
even if the ductus arter1osus 15 patent, a continuous murmur never develops

A thrill may or may not be palpable over the precordium

A galloprhythue ss frequently audible, as compensation 15 usually precarious

Cardrac fallure 1s common In most instances, the heart undergoes progres



At one month

Ateight and one halt months

Fistae x-6  Compltte transposition of the great vessels with a hugh
seatricular septal defect and a situs inversus Antersor postenor
position shown 1 reverse

"The resersal of the x rays makes it casier to compare the contours with
those of the same malformation 5n a heart that occupies nts normal position
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Esophagus
.

Freure v~7  (A) Complete transposition of the great vessels witha
high ventricular septal defect and (B) normal heart Infant

sive enlargement and e entually becomes enormous The hver 1s enlarged and,
masmuch as the circulation to the lungs 1s adequate, pulmonary congestion and
rales 1n the lungs are common Indeed, this 1s the outstanding malformation of
early infancy 1 which one finds persistent cyanosts and cardiac falure with en
gorgement of the liver, edema of the extremuties, and congestion of the Jungs
These infants usually die before eighteen months of age Death 15 due either to
anoxia or cardiac fatlure combined with pulmonary congestion

N\ RAY AND FLUOROSCOPIC FINDINGS

The contour of the heart varies with the age of the patient and the size of the
pulmonary artery Usually all four chambers of the heart are greatly enlarged
The enlargement extends both to the right and to the left

In 1nfancy the contour of the heart frequently resembles an egg Iyng on sts
side with the tip pointng slightly downward and to the left, the base of the ez
which lies to the right of the sternum, 15 formed by the dilatation of the right
aurcle (see Figure \~6, also Figures \-10 and 11) Although the aorta arises
from the nght ventricle, 1t seldom arises as far to the left as does the normal pul
monary artery Hence in the anterior posterior position 1t 15 usual to find a shight
concavity rather than a convenity of the upper border of the cardiac silhouette
to the left of the sternum

In the left anterior oblique position both ventricles are seen to be enlarged
In an estimation of the size of the nght ventricle, 1t 15 smportant to remember
that 1n this malformation the aorta 1s displaced anteriorly For this reason the mn
crease 1 the size of the right ventricle relative to the aorta 1s less pronounced



Raght antenor-oblique
position down
1n Teverse

Lekt amenor-cblique yosition
..

shown in reverse

Fioure x-8  Complete transposition of the great vessels with a hugh ventricular septal
defect and a sutus aversus {same panent as Figure x-6) At eight and one half months

“The reversal of the x rays makes 1t easser to compare the contours with
those of the same ria‘formatson 10 a heart that eccuptes 1ts nofmal positon
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RICHT ANTERIOR OBLIQUE 1 OSITION

Fieure x99 (A) Complete transposiion of the great vessels with a
high ventricular septal defcet and (B) normal heart Infant

than 1 other malformations Both the aorta and the nght ventricle, howeser,
extend closer to the anterior chest wall than in the normal heart (see Figures
-8 through 1) Termunally 1t1s common to find that the right ventricle nearly
touches the anterior chest wall and that, when \he patient 1s rotated to an angle
of 60°, the left ventricle extends posterior to the spmal column

In the right antersor oblique position the heart frequently appears to fill the
entire chest The entire esophagus may be displaced backward but there 15 no
spcc:ﬁc enlargement of the left auricle (see Figures \-8 and 9)

The atered positions of the great vessels relaune to the ventnicles cause a
charactersstic change 1n the shadow cast by these vessels * When the aorta arses



10
SITION OF GREAT VESSELS g

X COMPLETE TRANSPO!

Anterior posicrior position

Left anterior-oblique posiion

AL s i i

Froure x-10 Complete transposttion of the great vessels with a patent
ductus arteriosus and a patent foramen ovale Infant
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M

Antertor postertor position

Ficure a-11  Complete transposition of the great vessels with
ahgh ventricular septal defect Infant
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from the nght ventricle and the pulmonary actery from the left yentsicle, he
a0rta lics antenorly and further to the left than 1t does 1n the normal heart, the
pulmonary attery ltes postertorly and further to the night (sce Figure \-1) By
this connterclockmrse Totation the pulmonary artery comes o ties behund the
aorta, consequently, untess the pulmonary actery 1s abnormally large, the
shadow cast by the great sesscls 15 narzow Upon rotanon of the nfant wnto
the left antenor-oblique position; the pulmonary attery, W hich 1n the antenor
postertor position lics behund the aorta, comes to hie parallel to the aorta and
thereby causes the shadow cast by hase veseels to merease 1o wideh By placng
one finger behind the other and then rotaung the hand 45°, the change in the
width of the shadow cast by the grear vessels can be clearly demonstrated Owang
to the pattent s lack of cooperanan, satisfactory roentgenograms in snfancy, s
pecially 10 the oblique posstions, are dsfficult to abtara For tus reasan fluaro-
SCDPIC exagunation 1§ SUEX’IOY
Dilatatson of the supertor vena cava which 1s of common ocenrrence i €ar
duac failure, may cause the shadow at the base of the heart to appear abnormnlly
wide The shadow cast by the superior sena cava always lies to the nght of the
sternum It can be differentiated from that of the great vessels by the rotauon of
the mfant s head to the left This maneuver causes the shadow cast by the great
vessels to shuft to the left but nes er appreciably alters the shadow of the supenior
venacava
Rhythmuc changes in the si2e of the right aurle should be sought for, be
caUISfc when present they are of diagnostic ugmficance This 1s ane of the few
malformations which permit such vartations, owing to the Pﬂmg up of blood
on one side of the heart As the blood piles up 1 the nght auncle, that chamber
will gradually distend unul the pressure 1n the nght aunicle bccor;xcs sufficrent}
greater than that 1n the left aurcle to force open the salve of the f " ¥
Thereupon the bload will Aow from the nght aunicle to the left, (homn:n o [C
will collapse, and the high pressure 1n the left auncle wal} c]as; x)x: ngl o
g the foramen ovale Thereafter the pressure in the nght ]c )
nise until sts pressure again exceeds that 1n the left aunflc ':Il'\ll::l :h‘:l?almadﬂly!'
opea agamn and the process will be r e W
:hh: size of the nght Eund: which 1s :f;i;‘:i;:é‘o‘:‘::: Sh::;}:);:}::n ";l: hanse ué
ange 1s indicatave 1s type of
the rigght aurcle, corr:fbau:;lijza:‘f):rxl o CA‘IS“ el o accumu)ﬁc "
that 1s not completely sealed and permits t}cx: f;’ vale which 1s corered by a valve
namely, from nght toleft ow of blood 1n only ane dissetion,
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Alteration inthe contour of the hears associated with the growth of the paent
If the nature of the concomitant malformation 15 such that the condion does
not cause progressive cardiac enlargement, a arculatory balance may be estab-
lished, and the patient may hve for 2 number of years As previously stated, tus
15 more likely to occur if there 1s pulmonary stenosis or great difatatton of the
pulmonary artery than if both great vessels are of normal size If such a balance
15 possible, 1t usually occurs before the heart is enormously enlarged As the child
grows and the draphragm descends, the heart occupies a more vertical postion
In the antenior posterior position the contour of the heart has a concave cune at
the base, owing to the posterior location of the pulmonary artery (see Figure
x~12) Furthermore, n the left anterior-oblique position the shadow cast by the
great vessels no longer increases 1n width As the heart drops down, the pulmo-
nary artery, which lies posterior to the aorta, extends to the lungs more hon
zontally than 1t does in the normal heart The consequence 1s that the pulmonary
artery hes at an abnormally low level and the pulmonary window becomes ab-
normally clear For this reason the contour of the heart in the antertor posterior
posttion and 1n the oblique positions may closelv resemble that of a tetralogy of
Fallot

Ficure \-12  Complete transposition of the great vesscls
with pulmonary stenosts Chuld
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i sasedar marksngs are of grear dragnostic importance Most matforma
tons which cause persistent cyanons in catly infancy ate assactaced with a great
ceduction 1 the pulmonary blood flow and excesstiely clear fung fidds In 4
compete vransposton of the great vessels, the volume of the pulmonasy blood
Bow 15 normal, the vascular markings mfancy are normal of shightly 1
creased and extend from the hular region nearly to the persphery of the lungs

I ehildhood the vascutar markings are distinchse i the xray film Even
when there 15 pulmonary stenosts, the pulmonary artery 15 a fair sized vessed
There are smany small, ducrete, aycular shadaws duc to blood vessels which are
\iewed on end as they course from the postenorly placed pulmenary artery to
the anterior portion of the lungs Moreover, the vascular marhings exend fac
ot anto the fung helds, indeed nearly to the persphery of the lungs Although
the pulmonary artenes are scen to pulsate vigorously at operation, the pulsations
are rarely susible upon fluoroscopy This 1s due m part to the fact that the pulmo-
naty artenes fe abnormatly deep withan the chest, so that there 15 3 considenable

amount of lung tissue supenmposed upon them, and w part because, even
though the pressure withun the pulmonary artenies 1s lugh, the pulse pressure
1n these arterses 1s not great Lsually fluoroscopy daes not reveal the details of
\hese shadows and only the dense and numerons shadows m the hilar regions are
vinble Conssquently the shadows cast by the simall branches of pulmonary as
tertes viewed on end may be mustaken for those due to exsensi e eallateral ciren
lauon by way of the postenior medmastinal vessels Nt mfrequently 1t 15 the
discrepancy betwean the vascular shadows seen on the x ray filtm and those dis
cerned upon fluoroscopy which offers the clue to correct diagnosis

In an older panent, upon slow ratanon during fluoroscopic exammation, it 1s
‘:;ijiylgoixb‘l: ta at;\;:hzc the man branches of the pulmonary artery as they
pulmonury zt(c:}gxss m;‘:;;‘)’ bzpmmgcl i oher Obhquc posiion but the lfy
ton than i the ngh% \m\cc(y\ n:\\\:x: cnﬂ Lo e e immfmr-obhqm; post
polimonsry artery ate ofton viable i ;::IOS:;E{{ the lln“ Tr branches of the left
teft anteruoroblgue postion P 1s slowly rotated toward the
o gy o e e
from the lefe wnmfl);, the pu‘;mon::; :}z::::‘l:;; the pulmonary astery as ses
the pulmonary artery 15 a fasr wzed vessed Conseqy most invanably salvular and
are heavier and extend

farther to the periphery of
ot Fallot So few patents who have 2 complete 1ry

8s even more clasely sumilar

uently the vascular markings
the lungs than i a seiralogy
nsposiuen of the great s essels
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as a large ventricular septal defect because of failure to appreciate the sigmf
cnce of 1 femoral artersal saturation of g4 per cent Although 1n an Exsenmenger
compley the saturation i the aorta may be the same as 1t 15 i the pulmonary
artery, when the oxygen saturation 15 lower 1n the aorta than m the pulmonary
artery, the possibility of 2 complete transposition of the great vessels should al
ways be constdered

Angiocardiography may be of aud 1n that 1t wall demonstrate carly opacifica
uon of the aort1 and may or may not demonstrate late but extensive opacificaion
of the pulmonary vascular bed (see Figure \~14) Unless the aorta 1s grossly ms-
placed (sce Section c), angiocardiography 15 not of great help 1n the differentia
uon of deatroposition of the aort1 from transposttion of the aorta, and therefore
the test 15 seldom of a1d 1 the differentiation of transposition of the great vessels
from a tetralogy of Fallor Occasionally in the lateral view, when both the aorta
and the pulmonary artery arc visuahzed simultancously, the pulmonary artery
can be scen to arise postersor to the orta, thus proving that the great vessels are
transposed (see Figure \-22)

DIAGNOSIS

The diagnosis ts bascd upon the finding of a small, scrawny nfant with
cyanosts, rapid respirauons, and 2 barrel shaped chest, who suffers from 1n
creasing cardiac difficulty assoctated with progressive cardiac enlargement,
gallop rhythm, engorgement of the Iner, and congestion i the lungs When, 1
addition, the hands are more cyanotic than the feet, the diagnosis can be made
with assurance

The x ray and fluoroscopic findings of an egg shaped heart with a parros
shadow at 1ts base, winch mereses in width 1n the oblique view, 1s strong con
frmatory cvidence of a complete transposition of the great vessels

Cluldren and young adults show deep cyanoss, marhed clubbing of the
fingers and the toes, and extreme stunting of growth The contour of the heart
15 sunilar to that of a tetralogy of Fallot The second sound over the pulmonary
area 1s accentuated X ray findings of cardiac enlargement and a concave cure
at the base of the heart to the left of the sternum, combined with dense vasculir
shadows which extend to the periphery of the lungs, are diagnostic of this conds

uon

DIFFERENTIAL DIAGNOSIS
Fhas malformation must be differentiated froma pure pulmonary stenosis,

from a tetralogy of Fallot, from a smgle ventricle with complete transposition of



VESSELS
COMPLETE TRANSPOSITION OF GRFAT
A

Fiovre >4 Complete transposinon of the 8reat vessels Infane

~I
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the great vessels, and 1lso from a truncus artertosus with reduced pulmonay
blood flow and a defective des clopment of the right ventricle with or without
tricuspid atresta

In the neonatal period the malformation may be confused with a “pure” pu!
mouary stenosts Confuston arses because 1n a patient with a “pure” pulmonary
stenosis the foramen ovale 1s often funcuonally patent during the first few wechs
of life Therefore the infant may appear cyanotic Poststenotic dilatation has not
yetdeveloped Consequently there 15 no fullness of the pulmonary conus Inad
dution, 1n both malformations the vascular markngs are more conspicuous thin
1 other types of pulmonary stenosts Furthermore, occastonally the infant may
suffer from right sided cardiac failure 1n the neonatal period The second sound
at the base of the heart to the left of the sternum 15 of ad 1 the differentiation
of the two malformations It 1s weak or absent 1n baby with ‘pure pulmonary
stenosts and accentuated when there 1s a complete transposition of the great ves-
sels Time 15 1lso a great aid m the differcntiation of these two malformatrons
An infant with a “pure” pulmonary stenosis usually responds to dsgitalss, his
cyanosts disappears, 1nd he does better than mught be evpected, whereas in the
malformation under discussion, 1f the infant 1s 1 severe difficulty dunng the
first days of life, he seldom, 1f v er, survives more than a few weeks

In early nfancy a retralogy of Fallor with anatomscal or fanctional pulmo
monary atresia may be confused with a complete transposition of the great ves-
sels combined with an intact ventricular septum and munimal communication
between the two sides At barth, 1n both instances, cyanosts may be intense and
the heart 1s normal 1n size The outstanding difference between the two malfor
mations 1s that 1n a complete transposition of the great vessels the lung fields
show normal or ncreased vasculanty, whereas in a tetralogy of Fallot with pul
monary atresta the lung fields are phenomenally clear Further, 1n a complete
transposition of the great vessels the heart usually enlarges raprdly Indeed, when
the condition 15 such as to cause difficulty 1n the neonatal perod, the enlarge
ment can usually be detected within four to ax days after birth, whereas 1n a
tetralogy of Fallot, the heart remains small

In older chuldren a tetralogy of Fallos with a severe degree of pulmonary ste
nosis may be confused with a complete transpostion of the great vessels in which
a balance 15 established and the heart 1s not greatly enlarged A tetralogy of Fal
lot causes less stunting of growth, there 1s usually left sided chest deformuty and
the heart 1s often abnormally small, the hilar shadows may appear dense but the
shadows do not extend far out 1nto the lungs In contrast to this, a complete
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tansposion of the great vesscls causes extreme s\unm:jg lui K‘Z’C‘:;i‘r' :‘:ﬂ:f:;
1s usuafly barrel shaped, the heart 1s shightly enlarged, and theva
extend Far out to the persphery of the lungs (see Secuon ) be confused

A single venricle with transposition of the great vessels may be confused
with a complete transposition of the great vessels and a normal \::ntncular1 ls:p
tum, especally when the pulmonary attery s sbnorrally small Chmcally a
patient with a single ventricle does better than one with a complete transposition
of the great vessels and two ventncles, 3s the single ventricle pertmits 3 good op-
portunity for some crossing between the venous and the anertal airculation
Nevertheless, 1t may require cardiac cathetenization or angocardiography to
determine whether or not there are two ventncles

A truncus artertosus causes great enlargement of both ventricles Although
the enlargetment occurs carly, it 1s not progressine Theaortic knobis usualy con
spicuous 1f the infant hives to chiddhood, 2 continuous murmur 1s usually audible
over some portion of the lung

Defecave development of the right ventricle with tricusprd atresia ss charac
tenzed by clear Yung ficlds and clectrocardiographic evidence of a left avxis devia
ton and left ventracular hypestrophy

Defectie development of the right ventricle wish pulmonary stenosis and an
mtact ventricular septum causes cardiac enfargement and great reducnon m the
pulmonary blood flow The second saund at the base of the heart to the left of
the sternum 1s dimimshed and upon x ray the vascular marl\mgs are decreased
Cardhac cathetertzaton will show a bigh pressuse 1 the nght ventricle but the
aorta cannot be entered Angiocardiography shows that the pulmonary artery,
nottheaora anses from the nght sentridle
TREATMENT

Drgutalis may prolong the e of the mfant

The inhalation of oxygen may be of temporary benefit

Surgical treatment has nat yet been perfected The creation of an auricular
septal defect, as developed by Blalock 2
best results have been seen 1n children over two years of age These patients ha
shown an merease 1n ther exercise tolerance and over 2 penad of years ’
reduction has occurred 1n the red blood cell count, the amount of :n?:n) MS‘TC
:;dg‘zob:) and :hth hclmaxocm level “Thus althoug] s

m dramatic the long time results b

theless, thus operation dccgs not relieve th: :’Z:’;:‘n::;‘;‘;;hc‘:?c::::?“"d Never

has been of benefit to some panients The
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Baffes'® has developed an operation for the partial transposition of the pol
monary veins to compensate for the transposition of the great vessels In this op
cration the night pulmonary vemns are transplanted mto the nght aurcle and
graft 15 inserted betw een the inferior vena cwva and the left aunicle The improve
ment after thus operation ss dramatic Innally the best results were obtamed i
cluldren over two years of age, recently excellent results have also been obtamed
1n young infants

Dr Henry Bahnson has performed one operation 1 which he altercd the
position of the auncular septum, so that the pulmonary vemns dramed into the
nght auricle and the inferior vena cava into the left auricle This operation may
prose to be of great benefit

PROGNOSIS

The prognosis 1s poor Most infants, when the auricular and ventricular septa
are closed, die of anoxemia during the first weeks of life, some infants Iive fora
few months but the condstion usually leads to progressne cardiac enlargement
These nfants usually dic of anoxemia or cardic falure between six and fif
teen months of age Only occasionally 15 a balance established which permuts the
patient to v e unul chuldhood or early adult lite

Operation definitely improves the prognosis As of 1960 the greatest improse
ment has resulted from the Baffes operation

SUMMARY

A complete transposition of the great vessels means that the aorta anses from
the right ventricle and the pulmonary artery from the left ventricle Itisa rela
tively common malformation, as 1t places no strain on the fetal airculation

After birth the blood 15 pumped around and round the systeme circulation
and around and around the pulmonary circulation Great difficulty 1s encoun
tered 1n the crossing of the two circulations The larger the shunt, the less intense
1s the cyanosis Nevertheless, the blood which 1s shunted from one side of the
heart to the other tends to pile up on the side to which 1t 15 shunted In order to
reverse the shunt, the relative pressure 1n the two arculations must be res ersed
Thus means that the pulmonary pressure must be approximately the same as the
systemic pressure Pulmonary hypertension s the rule et

Cyanosis may not be apparent during the first weeks of life, sooner or later s
always des elops and ev entually becomes intense The distribution of the cyanosis
av a1ve a clue to the diagnasis
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Clubbing desvelops carly

Polycythemun steadily increases and may become extreme q

An mfant with dus malformation usuatly suffers from severe anoxcim an
smay suffer from eprsades of foss of conscousncss but attacks of paroxysn;lai
dyspnea are rare Respiranions are rapid and shallow The chest 15 generally
batrel shaped Difficulty n feeding and farlure 1o gam are common complaints
Stunting of grow th may be extreme The exercise tolerance 15 always fiuted
The chald may squat when tired

The heart usually undergoes progressive enfargement As 1t enfarges,  de
velops 1 charactenste contour Bath sentricles are always marhedly ealarged
There 15 absence of fullness of the pulmonary conus Inwfancy the shadow cast
by the greatessels 1s narsow 1n the antenor postenior posiuon and upon rotation
of the patient inito the left anterior-oblique posinon the shadow cast by the great
ves els increases m width Inasmuch as there s adequate asrculauon to the lungs,
the anfant 15 ikely to suffer from pulmonary congesuon Death results from
anoxema or from cardiac faiture with congestion 1n the lungs and edema of the
extremmtics

Owcasionally the malformation 1, compatible with life for a number of years
Under such crcumstances the contour of the heart and both the physical and the
physiological findings closely resemble a tetralogy of Fallot The two featurcs
which differentiate thus malformation from that of a tetralogy of Fallat are the
accentuation of the second sound at the base of the heart to the left of the ster
num and the density of the vascalar markings winch extend from the halar re
gion to the persphery of the lungs

The electrocardiogram orduiarily shaws a right axis desiauon and evidence
of hiypertrophy of both ventricles

fhe aireulation ume (arm to tongue) 15 abnormaly short

The oxy gen saturation of the arternal blood 1s abnormally low

Pt of e s e g of s compi
pulmonary artery 15 entered, the oxygen saty

ration of ke blood 10 the pulmonary astery 15 alw ays found to be hagher th
that n the femorat artery thus cathetertzation ¥ e
the existence of a transpo won of the great vessels Cardiac cachetenzanon

also Amd 1n the duagnasis of the nature of the concomutant malformation o
ol s:i‘:c;:l‘ﬁ:?:ai.h;:“ u“g dense opacification of the aorta In the Jar
o possible to see that the aorta lies anterior to the pul

may occasonally guve 3 clue 1o
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The diagnosis of a complete transposition of the great vessels 15 based upon
the finding of persistent cyanosss, increasing cardiac enlargement, and cardiac
farlure with engorgement of the liver and congestion of the lungs When, in ad
dition, the hands are more cyanotic than the feet, the diagnosis can be made with
assurance The diagnosts 1s further confirmed by the x ray evidence of a con
cavity at the base of the heart, absence of the shadow cast by the pulmonary
conus, a narrow pedicle 1n the antenior-postertor position, which mncreases
width 1n the left anterior-obhique position, and dense hilar shadows with exten
stve vascular marhings

The malformation requires differentiation from a ‘pure” pulmonary stenc-
sis, from a tetralogy of Fallot, from a single ventricle, and occasionally from 2
truncus arteniosus with reduced pulmonary blood flow

The creation of an auricular defect may aid m the crossing of the two arcu
lations but does not lessen the pulmonary hypertension The Baffes operation
offers greater hope for impros ement of the circulation

The prognosis 1s poor Most infants with this malformation die between s
and fifteen months of age Without operation only rarely does a pauent Ine to
adolescence or early adult hfe

B Complete Transposition of the Great Vessels
Combined with Enormous Dilatation of the Pulmonary Atery

NATURE OF THE MALFORMATION

In tlus malformation the aorta, which arises from the night ventricle, 1s ust
ally of normal size and the pulmonary artery, which arises from the left ventst
cle,1shuge When the pulmonary artery 1s tremendously enlarged, 1t frcqucmly
over nides the ventricular septum, under such circumstances a high ventricular
septal defect 15 an integral part of the malformation (sce Figures \-15 and 16)
It 15, however, important to appreciate that a complete transposition of the great
vessels combined with enormous dilatation of the pulmonary artery may occur
1n combination with only a small ventricular septal defect or even an intact vent
tricular septum

COURSE OF THE CIRCULATION
The course of the arculation differs from that m other cases of transpost
tion of the great vessels only if the pulmonary artery anses 1n part from the nght
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ventricle Under such circumstances the blood 1 the nght ventnicle 1s pumped
out through the aorta to the systemiuc arculation and through the pulmonary
artery to the lungs The blood which 15 dirceted to the systemic arculation is e
turned by the supenior ind mferror venie cavae to the nght auricle and that
which goes to the lungs 1s rcturned by the pulmonary veins to the left auncle and
thence to the left ventricle Most of the blood from the left ventricle 1s pumped
out mto the pulmonary artery When the pulmonary artery over ndes the ven
tricular septum, some venous blood from the night ventricle 1s readily shunted
to the lungs, and consequently an mcreascd volume of blood 1s returned to the
left side of the heart, which uds 1n the shunting of oxygenated blood across to
the right side of the heart Thus some crossing of the arculation can occur, a
shown in Diagram x—5 For this reason, 1t 1s not surprising to find that this com
bination of anomalics 1s frequently more compatible with life than when both
great vessels are of normal size and there 1s no over niding of the pulmonary ar
tery

PHYSIOLOGY OF THE MALFORMNATION

The physiology of this malformation 15 essentially the sume as that when
both great vessels are of normal size, except that the volume of the pulmonary
blood flow 15 greater When the pulmonary artery over nides the ventricular sep
tum, the condition 1s physiologically ind functionally sumlar to that of a Taus
sig Bing malformation, as the pulmonary artery 1s brventricular m origmn (see
Chapter xr) Nevertheless, when the pulmonary artery lies posterior to the aorta,
1t recerves mainly oxygenated blood from the left ventricle, whereas when 1t hes
antenior and to the left of the aorta 1t recerves more venous blood As n all cases
of complete transposition of the great vessels, 1t 15 the relative pressure m the tvo
crculations which regulates the volume of the shunt Only when pulmonry
pressure 1s greater than systemic pressure 1s ovygenated blood directed to the
aorta It follows that, regardless of whether or not the pulmonarv artery over
rides the ventricular septum, there 1s alw1ys pulmonary hypertension

CLINICAL FINDINGS

Cyanosis 15 usually present at buth Inasmuch as the aorta rnises from the
nght ventricle, cyanosis almost mvariably appears early and eventually becomes
intense Owing to the fact that the shunt 1s within the heurt, the cyanosts 1s of

uniform distribution
Clubbing of the extremmtzes appears at an carly age and may become extreme
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Polycythemia ncreases with age and eveatually becomes extreme Asthepa
went grows alder the usual changes 10 the clotung mechamsm occur In late
culdhood ar eacly adolescence, petechiae and blatchy purpunc erspison fs¢
quently occur

Respratians are taptd and shallow, and the chest becomes barre} shaped
These wfants may suffes fram prolanged pertods of unconsciousness due o e\
treme anoxemia

Difficalty in feeding, falure 1o gain and stunnng of growth vecur, as m all
cascs of complete transposiion of the greatvesscls

Exercise tolerance 1s lumited Children may squat when ured

Pulntonary copgestion 15 commen, owing to the excessive pulmonary blood
fow Furthermore, the excessive pulmonary airculauon renders the mdividual
very susceptible to bronchitss and preumonia Indeed, 1015 frequently difficsl o
determme whether the pulmonary congestion 1s due 10 eardac fabure or \ow
fecuon

Hepatomegaly 1s the rule Even though a balance s established, there 15 usu
ally shight to moderate engorgement of the bver

CARDIAC FINDINGS

The heart 15 always slightly enlarged A balance 15 established carly i hfe
and therefore the heart 15 not enormously enfarged

The pi'monitc second sound 1s usually accentuated and may be reduplicated

1 systoltc murmur 1s the rule Ordinanly the murmaur 15 not very harsh Fre

quently a blurred third Feart sound os a msd diastolie msrmur 15 audible yust 1
side the apex

XRAY AND FLUOROSCOPIC FINDINCS

The hearr vs usually shghtly enfarged and there 15 2 concase curve a¢ s base
to the lefe of the stexpum In carly sofancy the vascutar markngs are ncreased
but may not be conspicucus (see Figure v-17) Nevettheless,

owing to the g
difatation of the pulmonary artery, as the panent 8 g

r0%s,
come exaggerated (see Figure x-18) Usually zhcrf are l;:z:, 2‘&‘;&“’-‘&‘“&;‘“

t;t: ns which may or may not pulsate The pulsations 1n dhese s essely :frc u;.rc: 1“:5
mnﬁ;c;;;;; :13;1 g ou](i:: expected from therr size, because, as previously men
dmm;m angm : ¢ pulmanary blood flow 15 eacessve, both the systolic and thy

n the pultonary artery are hugh, and consequent] :

pressuse in the pulmonary artery 1s not wide In older chxldrcnqh: c}\(c‘ iy 1;“'::“
s r, a hilar
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Dracrans M5
Complete transposiion of the grea vessels with
a greatly dilated pulmonary artery

athus mat a complete transpy of the great vessels 1s combined with 3
sreatly dilated pulmonary astery, whuch frequently over nides the vemnculat scpum
\nd thus receives blood from both ventricles In some instances, however, the pulmo-
aary artety does not over nde the \entricular septum (see insert)

The blood from the nght aunde flows
1nto the nght venncle, Inasmuch as the
aorta antses from the rght ventricle, most
of the blood in the right sestacle 1s pumped
directly out through the aorta to the body
and sesusrncd by the superor and infenior
sende cavae to the nght auncle, thence it
agan flows 1to the nght sentricle, 1€ the
large pulmonary artery arises in part from
the nght ventncle some blood 15 pumped
into the pulmonary artery, of of the pres
sure 1s lower in the fungs, blood 1s shunted
from the nght side to the left All of the
blood so shunted and most of the blood
from the lcft ventndle 15 pumped out
through the pulmonary artery to the lungs,
where it 15 fully oxygenated and retucned
by the pulmonary vans to the left auncle,
thence 1t flows 10 the Jeft ventende, Agan

most of the bload from the left veatricle
reirculaes through the lungs When however, the pressure on the left side exceeds
that on the nght side, some oxygenated blood from the left stde will be shunted to the
nghtside There st wild be maxed with the venows blood in the nght ventncie and wall
be pumped out through the aorta to the body and returned by the superior yena cava
and the infenior vena cava to the right auricle There the cycle stasts agam

In s malformation as i all cases of complete transposiuon of the great vessel

except for those with pulmonary stenosis 1t 1s the relative pressure 1n the two ux:ul:

vions which regulates the volume of the shunt Fence there 15 al Wiys severe pulm
shunt Fi th |
W pulmenary

Chinscal diagnonis The patent shows deep perss tet cyanosis Murmurs are not
Mgm;\?m The great sive of che pulmonary antery and the relatively easy shunts, Oi
mz:)d r:qumﬂg enable 2 balance to be established and the hear ceases 1o enlarge %‘:

wtion may be compauble with life for a number of year :

s Thy
Ca:f;ix::ut:ﬂarlgunm:l Fl clonca\ ecurve at the base of the th ta d\: \Z(:?; 1‘2‘:{::1? -
mely vaseular lung fields The elect; -
e i Bl hywmoph:’ocardmgmm shows a night axis deviation
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Atone weeh

Attwo weeks

Figure v-17  Complete transposiuion of the great vessels witha
dilated pulmonarv artery Infant
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Fieurg a-18  Complete transposiion of the great vessels with a
dilated pulmonary artery Child
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dance 1s the rule Regardless of the presence or absence of a hular dance, conspicu
ous vascular shadows indicate a huge pulmonary artery, when this 15 combined
with a concave curve at the base of the heart, as shown i Figure \-19, 1t 1s diag
nostic of a large posteriorly placed pulmonary artery Hence these findings are
almost pathognomonic of a complete transposition of the great vessels combined
with dilatation of the pulmonary artery In rare nstances the mam pulmonary
artery 15 so greatly dilated that 1t gives the appearance of fullness of the pulme-
nary conus (see Figure \-20)

In the left anterior oblique position both ventricles are seen to be enlarged
and the huge pulmonary artery fills the pulmonary window

In the nght anterior-oblique position the left aurcle 1s seen to be of normal
size

ELECTROCARDIOGRAPHIC FINDINGS

The electrocardiogram 1s stmular to that in other cases of transposition of the
great vessels There 15 a right avs deviation 1n the standard leads and evidence
of night ventricular hypertrophy in the umpolar precordial leads

SPECIAL TESTS

The circulatson e (arm to tonguce) 1s abnormally short

The oxygen saturation of the arteral blood 1s abnormally low and falls sull
further with excrcise

Cardsac catheterization 1s usually not necessary for diagnosis but 1s of ad
the determination of the structure of the auricular septum and whether or not
there 1s a single ventricle When the pulmonary artery over rides the ventricular
septum 1t may be possible to catheterize the pulmonary artery 1f the pulmonary
artery 1s entered, the oxygen content of the sample of blood the pulmonary
artery will be found to be hagher than that in the aorta, indeed, the blood 1n the
pulmonary artery 1s usually almost fully saturated The pressure m the pulmo-
nary artery 15 always abnormally high Thus the cathetenizauon findings are
closely stmular to those of a Taussig Bing malformation Indeed, 1t 1s the course
which the catheter tahes as 1t enters the pulmonary artery which indicates
whether the pulmonary artery accuptes 1ts normal position or lies posterior t0
the aorta

Angrocardiography 1s almost always disappomnting because the dye 1s dusst
pated from the nght ventricle to both circulations and also because the large jlzc
of the pulmonary vessels, combined with the large volume of blood directed to
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Ficths a-19  Complere transposwion of the great vessels witha
greatly dilated pulmonary artery Child

Provze x-20  Complete transposition of the great vessels with 3
greatly dlated pulmonary artery Infaac
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dance 1s the rule Regardless of the presence or absence of a hilar dance, conspiu
ous vascular shadows indicate a huge pulmonary artery, when this 1s combined
with a concave curve at the base of the heart, as shown 1 Figure \-19, 1015 dug
nostic of a large posteriorly placed pulmonary artery Hence these findings are
almost pathognomonic of a complete transposition of the great vessels combimned
with dilatation of the pulmonary artery In rare mstances the main pulmonagy
artery 15 so greatly dilated that it gives the appearance of fullness of the pulme
nary conus (see Figure \-20)

In the left anterior oblique posttion both ventricles are seen to be enlarged
and the huge pulmonary artery fills the pulmonary window

In the night anterior-oblique position the left auricle 1s seen to be of normal
size

ELECTROCARDIOGRAPHIC FINDINGS

The electrocardiogram 1s smilar to that 1n other cases of transposttion of the
great vessels There 15 1 ight s devianon 1n the standard leads and evidence
of nght ventricular hypertrophy 1n the umipolar precordial leads

SPECIAL TESTS

The cirenlation time (arm to tonguc) 1s abnormaily short

The oxygen saturation of the arterial blood 15 abnormally low and falls sull
further with exercise

Cardiac catheterization 15 usually not necessary for diagnosis but 1s of adn
the determination of the structure of the aurtcular septum and whether or not
there 15 a single ventricle When the pulmonary artery over rides the ventricular
septum 1t may be possible to catheterize the pulmonary artery If the pulmonary
artery 1s entesed, the oxygen content of the sample of blood i the pulmonary
artery will be found to be higher than that in the aorta, indeed, the blood 1n the
pulmonary artery 15 usually almost fully saturated The pressure in the pulmo-
nary artery 1s always abnormally high Thus the cathetenization findings ar¢
closely ssmular to those of a Taussig Bing malformation Indeed, 1t 1s the course
which the catheter tahes as 1t enters the pulmonary artery which 1ndicates
whether the pulmonnry artery occupies 1ts normal position or Lies posterior t0
the aorta

Ang;atardlogmp/ty 1s almost always disappointing because the dye 1s disst
pated from the night ventricle to both circulations and also because the large ;1:5
of the pulmonary vessels, combined with the large volume of blood directe
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Dye in the superior vena cava, the right auncle
and the nght ventricle

Dyeimmediately passes to the aorta and
the pulmonary artery

Fioure a21  Complete transposition of the great vessels with a
postenorly placed dilated pulmonary artery Chuld



192 SPECIFIC MALFORMATIONS

the pu]monary artery from the left ventricle, causes excessive dilution of the de
m the lungs (see Figure v~21) [ilms taken with the pauent n the luteral pog
tion, however, confirm the fact that the pulmon:u'y artery anses far postenorly
(see Figure n—22)

DIAGNOSIS

The dugnoss 15 suggestcd by the deep, persistent ¢y anosis and clubbing ma
pauent with evidence of a poorly functioming heart and shight enlargement of
the hiver and congestion in the lungs It 15 confirmed by the  ray and by fluore
scopic findings of farge, blotchy hilar shadows which may or mav not show 2
conspicuous hilar dance, combined with 1 concave curye at the base of the heart
to the left of the sternum which shows that the pulmonary arterv 1s posteriorly
placed

DIFFERENTIAL DIAGNOSIS

The two conditions with which this malformation are most frequently con
fused are (1) a single ventricle combsned wath a complete transposition of the
great vessels and enormous dilatauon of the pulmonary artery and (2) a Taus
sig-Bing malformation

A single ventricle combined with complete transposition of the great vessels
and enormous dilatation of the pulmonary artery may closely resemble the mal
formation under discussion When the great vessels are completely transposed, 2
patient with a single ventricle usually does better than a patent wath two ventrt
cles, as there 1s a better admixture of venous and artersal blood Cardiac cathe
terization 1s usually necessary to differentiate the two condittons It 1s the differ
ence 1n the oxygen content of the blood n the common ventricle m comparison
with that in the right auricle which guves the clue to the correct diagnosis When
there are two ventricles, the increase 1n the avygen content of the blood n the
nght ventricle 1s comparatively shght, whereas, if there 1s but a single ventricle,
there 1s usually an ncrease of 5 volumes per cent (see Chapter v )

If there 15 a defect 1n the auricular scptum, 1t will cause an increase m the
oxygen content of the blood 1 the right aurcle i comparison with that in dllf
supertor vena cava Needless to say, this wall alter the percentage of mcrease [];
the oxygen content of the blood 1n the ventricle 1n companson with that n

uricle
ngli; :;‘aussxg Bing malformason may occastonally be confused with the mal
formation under discussion, because 1n certain mnstances the contours of the ilcml';
are sumtlar In a complete transposition of the great vessels the greatly dilate
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(compare Figures x-22 and x6) Funcuonally the two malformatians are
dlosely similar but accurate Qifferentiation 1s 1mportant 1f surgeey 15 cantem
plated

TREATMENT

Patients with an xatact aussculac sepeum can be helped cither by a Baffes op
cration or by the creation of an auncular septal defect, provided that the oxygen
content of the blood 1n the puimonary artery is ssgmfcantly greater than that
the aorta If, howeser, the oxygen content of the blood 10 the aorta and 1 the
pul yartery are app ty the same, as m the case of a single ventsicle,
there 1s ittle to gain from operation

PROGNGOSIS

“The progrons 1 usually better when the pulmonary astery 15 abnormally
farge than when both great vessels are of normal size. A number of paticnts with

the former condition live untit fate childhood and some is¢ to adult hfe
Dusning infancy and childhood the d

1 the lesses arculation
wcreass the volume of oxygenated blood shunted snto the aarta Nevertheless,
the condition leads to progressne ury to the pul y vascular bed and
eventually 1t leads to a reduction w the aculation to the lungs and hence te
duces the volume of the effectne flow These changes cause the patient to be
<ome progressively more incapacitated as he reaches adule hfe

SUMMARY

Complete transposition of the great vessels combined with enormous dilata
ton of the pulmonary astery 15 usually associated with a ventricular septal defect
and shight over niding of the pulmonary artery Under these arcumstances there
1s better opportumty for the crossing of the two curculations than 1 other types
of complete transposition of the great vessels Cyanosts becomes apparent aytPa
carly age and 15 of umiform distribution Polycythema and clubbing usually d:

velop duning the first two years of Ife Re.
e i e b e spurations are rapid and shallow and

ped The liver becomes enfarged The h
15 shightly enlarged A gall i -
e, 8 gallop thythm or a pathologscal third heart sound 15 aud;
The x ray and fuaroscopsc findin
gs are disunctive 1n that thy
;{ a huge pulmonary artery combined wih a concave curv Cl:c e
eart to the left of the sternum " 2t thebase of the
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Ficure \-22 Complete transposition of the great vessels with an
abnormally large pulmonary arterv Child

pulmonary artery may cast a shadow to the left of the aorta and thus cause full
ness of the pulmonary conus nstead of the usual concavity (compare Figures
v-20 and xi1-4) In the author’s cxperience the vasculanity of the lungs 15 usually
more exaggerated when the pulmonary artery anses from the left ventncle
Angocardiography will help to differentiate the two condiions In a Taussig
Bing malformation the anterior postertor series of films shows simultancous
opacification of both great vessels as they he side by ssde When the great vessels
are transposed the pulmonary artery will be seen to lie posterior to the aort2



\ COMILETE TRANSPOSITION OF GREAT VESSELS 195

{compare Figures v-22 and \1-6) Functionally the two malformations are
dlosely simular but accurate differentsation 1s umportant 1f surgery 1s contem
plated

TREATMENT

Patents with an 1ntact auncular scptum can be helped exther by a Baffes op-
cration or by the ereation of an auncular septal defect, provided that the oxygen
content of the blood 1n the pulmonary artery 1s sigmficantly greater than thatn
the aorta If, however, the oxygen content of the blood 1n the aorta and n the
pulmonary artery ase approximately the same, as 1n the case of a single ventricle,
there1s Jutle to gain from operation

PROGNOSIS

The prognosis 1s usually better when the pulmonary artery 15 abnormaily
farge than when both great vesscls arc of normal size. A number of patients with
the former condition live until late chnldhood and some hive to adult hife

Dunng wfancy and childhood the 1ncreased pressure in the lesser curculauon
tncreases the volume of oxygenated blood shunted into the aorta Nevertheless,
the condition leads to progressive njury to the pulmonary vascular bed and
eventually 1t leads to a reduction 1 the arculation to the lungs and hence re
duces the volume of the effecne flow These changes cause the pauent to be
come progressively more incapacitated as he reaches adult hife

SUMMARY

Complete transposition of the great vessels combined with enormous dilata
tion of the pulmonary artery 1s usually associated with a ventricular septal defect
and shght over nding of the pulmonary artery Under these circumstances there
1s better opportunsty for the crossing of the two circulations than 1n other types
of complete transposition of the great vessels Cyanosis becomes apparent at an
carly age and 15 of umform dustribution Polycythemia and clubbing usually de
velop dunng the first two years of hfe Respirations are sapyd and sba)lowyand
th:] m}f:mt s chest becomes barrel shaped The hver becomes enlarged The heart
:1 c;:v; dzllz :::irged A gallop thythm or a pathological third heart sound 1s auds

The x ra
el P&::::;::::W findings are distinctive 1n that there 1s evidence

y combined with 2 concave cy,
heart to the left of the sternum e e e of the
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The electrocardiogram shows a nght avts deviaton and evidence of nght
ventricular hypertrophy Cardiac catheterizaton 1s often necessary to differ
entiate this malformation from a simgle ventricle wath 1 complete transposition
of the great vessels Angiocardiography 1s occastonally necessary to differcntiate
the condition from a Taussig Bing malformation Surgical correction 15 both
dufficult and unsatisfactory Nevertheless, a Baffes procedure or the creation of
an auncular septal defect 1s of value 1f the oxygen content of the blood i the
aorta 15 appreciably lower than that 1n the pulmonary artery

The prognosss 1s guarded Although the condition may be compauble with
Iife for ten to twenty years, most persons with this malformation are severely
handicapped and die at an early age

C Complete Transposition of the Great Vessels
Combined with Pulmonary Stenosis oy Atiesia
Complete transposition of the great vessels may occur 1n combination with
pulmonary stenosis or atresta In both stances the pulmonary obstruction pro-
tects the lungs but 1t also greatly reduces the volume of the pulmonary cicula
ton When there 15 pulmonary 1tresia, the pulmonary circulation 1s so poor that
the condition 1s not long compatible with hfe
When pulmonary stenosis 1s combined with a complete transposition of the
great vessels, the pressure 1n the pulmonary artery 1s low Although the arcu
lation 15 far more nearly adequate than when there 1s pulmonary atresia, the
reduction 1n the volume of the pulmonary blood flow 1s far greater than 10 other
types of complete transposiion of the great vessels Indeed, the climcal preture
more closely resembles that of a tetralogy of Fallot with a severe pulmonary
stenosts than 1t does other types of complete transposition of the great vessels

NATURE OF THE MALFORMATION

As n most cases of complete transposition of the great vessels, the aorta usu
ally anises from the mid poruon of the nght ventricle and the pulmonary artesy
laes directly posterior to 1t

When there 1s pulmonary atresta, the only way for the blood to reach the
lungs 1s through the ductus arteriosus or by the collateral arculanon The pul
monary blood flow 15 very meager Luttle blood 1s returned to the left auncle,
hence only a small volume of blood 1s pumped out from the left ventricle, the
left ventricle remains small, the right ventricle, which pumps the blood to the
systemic arculation, becomes hypertrophied (see Figure x-23)
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Frovee 12, { omplete transposition of the great vessels combined wath
pulmanary atresia and a bugh semneular sepaal defect

When there 15 pulmonaty stentasis, more blood reaches the tunys and more
blaad 15 returned to the left auncle and the Jeft ventncle The pulmonary steno-
as, howener, renders 1t dafficult for the blood to be expelled from the left ventn
de, therefore the left ventricle becomes hypertrophied When the pulmonary
artury anses from the left ventricle, the pulmonary stenosis 1s almost ahway s val
vular i type, as there 15 no nfundibular chamber from which 1t can anse The
nght ventricle pumps the blood to the systemic arenlation, henge 1, t0o, 15 hy
pertrophied Fagure x~24 shows a complete transposition of the great vessels com
bined with a valvular pulmonary stenosts 1 which there 1s a moderately large
ventricutar septal defect Such s the usual finding m this malformanon

In some mstances the aorta 1s further transposed and occupses the position of
the normal pulmonary antery Under such arcumstances, the ascending sorta
arches boldly to the left and turns to the nght and may descend on the left or the
nght of the vertebral column

As 10 all cases of complete transposinon of the great vessels, there 1s always

some addstional malformation A ventnicular septal defect 15 common, occasion
ally there 15 only an auncular septal defect

COURSE OF THE CIRCULATION

Duning fesal life the course of the curculation 15 altered both by the abnormal
posttian of the aorta and by the pulmonary stenosis ar ateesia Most of the blood
1 the nght auncle fows into the nght ventricle and 1s pumped out through the
20sta to the body of the ferus and 15 returned by the superior sena cava :ug:d thz
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Freure =24 Complete transposition of the great vessels combined with
valvular pulmonary stenosis 1nd a ventrcular septal defect

infertor vena cava to the right auncle Some of the blood from the nght auncle
flows 1nto the left auricle and thence to the left ventricle Here the blood en
counters difficulty 1 reaching the 10rta, hence the pressure on the left side of
the heart tends to rise and ths, i turn, tends to lessen the solume of blood which
flows from the right aunicle to the left The body of the fetus receres adequate
arculation from the aorta Lven though the pulmonary artery 1s atrenc at s
base, the ductus artersosus and the mamn branches of the pulmonary artery de
velop normally and the arculition to the lungs 15 estabhished from the aorta
through the ductus arteriosus to the pulmonary artery (see Figure \-25) The
fetal circulation 1s more casily established when there 1s pulmonary stenosts (se¢
Figure v-26) than when there 1s pulmonary atresia

After birtls the course of the arculation 1s essentially the same The expansion
of the lungs lowers the pulmonary pressure and mcreases the volume of blood
which flows through the ductus arterosus to the lungs, where 1t 1s oxygenated
The ovygenated blood 1s returned to the left auricle The vale coverng the
foramen ovale tends to close The blood from the left auricle 1s directed 1nto the
left ventricle Inasmuch as no vessel anscs from the left ventricle, blood must be
pumped from the left ventricle through the septal defect into the aorta The
blood which 15 pumped 1nto the aorta 15 returned 1 the normal manner by
the superior vena cava and inferior vena cava to the night auricle and thence 1t
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Freuke v-25  Fewol arculation (A) Complete transposttion of the great
\essels combined with pulmonary atrevia and (B) notmal heart

1s agan pumped out to the systemyc creulation The course of the areulanon
15 show 10 Diagram ¥-6

When there 1s pulmonary stenosis the aireulanon 1o the tungs 1s shghtly more
adequate as some oxygenated blaod from the left ventricle 1s pumped through
the stenosed artery to the lungs through which x arculates and 15 returned 10
the lefr auncle Al the blood which 15 pumped out from the nght side of the
heart imto the aorta 18 rerarned by the supenor and nfertor venae eavae ta the
nght auncle and the night ventnicle As in all cases of complete transposition of
the great vessels, some crossng of the two oreulations must ocetr There must
be enher an auricular or a ventrscular septal defect or an anomaly of the senous
retun In the matformation wnder dwscussion the pulmonary stenass rendets
stdaficult for the left venuricle to empty 1tself "The pressuse wathin the left ven
tricle 15 increased When the pressure m the left <entncle exceeds that m the
nghtventncle oxygenated blood 1 directed to the systemue arculation through
theventricular septal defect When the pressure ts greater on the right side of the
heart, some v enaus blood 1s darected through the defect nto the stenosed pulmo-
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Froure »26  Feta) arculation (A) Complete transposiuion of the great
vessels combined with pulmonary stenosis and (B) normal heart

ary artery and thence to the lungs The course of the arculation 1s shown 1
Diagram \~7

When there 15 an aursculir septal defect and no ventricular septal defect, the
stessure in the left ventricle wall continte to rise unl the pressure 1n the left
wricle exceeds that of the right auricle and thereupon a left to-night shunt will
e established The volume of the shunt will, however, be small and the effectnne
low will be extremely low The course of the arculation 1s shown 1n Diagram
-8

PHYSIOLOCY OF THE MALFORMATION

Inasmuch as the aorta anses from the nght ventrcle, the systohe pressure 1t
he nght ventricle 1s the same as that m the systemc curculation Furthermore,
ance the only way for blood to escape from the left ventricle 1s through the ste

ed pulmoanary artery or through the septal defect to the nght ventricle, the

nos
¢ 11 the nght ven

pressure 1n the left ventricle 1s approximately the same as tha
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ncle Indeed, it 1s the relative pressuren the two ventricles which e gulates both
fie volume and the direction of the shunt The pulmonary stcnosis of atresia,
howe: er, protects the lungs and the pressure the pulmonary artery 1s low

When there 15 pulmonary atresia, the entire circutation to the lungs 1s by way
of the ductus artenosus Hence, only if the collateral circulation develops with
greatrapidity, 1s the baby able to survive the closure of the ductus arteriosus

When there 15 pul y stenosts, the pul y blood flow 1s greater than
when the puimonary artery 1s atreuc Nevertheless, there 15 great difficulty 1
the direetson of venous blood ta the lungs and of artenal blood to the systemc
arculation The effective flow s very low

The difficulty 1n the ejection of blood from the left ventricle rasses the pres
sure 1n that chamber Indeed the pressure 1n the left ventricle must cqual or ex
ceed the pressure 1 the nght ventricle 1 order to direct oxygenated blood to
the systemic airculation When the pressure in the left ventricle 1s lower than
that 1n the night ventricle, some blood from the nght ventricle will be pumped
mto the left ventricle this 1s the main pathway by which venous blood can be
directed to the lungs after the dlosure of the ductus arteriosus

1f the ventricular septum 1s intact the pressure m the left ventnicle wall nise
sull further this in turn wall rawse the pressure i the left auncle When the
pressure in the left auncle exceeds that in the nght, a left tonght <hunt will be
established at the aunicular level Over a penod of years the colfateral arculation
develops which aids i the direction of v enous blood to the lungs

CLINICAL FINDINGS

During infancy the chintcal findings are closely similar to those of a tetralogy
of Fatlot with severe pulmonary stenosis

Cyanosis 15 always intense and usually dates from birth 1t 1s of unsform dis

tnibution

. Attacks of paroxysmal dyspnea occur early 1n fe as the ductus arteniosus un
ergocs obliteration Infants with pulmonary atresia frequently suffer from

episades of loss of consciousness and seldom survise the closure of the ductus
arteniosus. When, howeser, there 1s pulmonary stenosis the condition may b
compable with hfe for many years v

Clubbing develops early and becomes Ppronounced

\ Poli lc) themsa develops rapidly The red blood cell count may reach 11 mul

1

on cells per cu mm, and the amount of available hemoglobin will b oo

uorately wncreased The hematoent reading may be aboye 90 per : P(;"P‘”
cent Over 2
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Digrant 26

Complese transposinon of the great cessels pulmonary
atressa & gh venencndur septal defect
ﬂnl{ a Pﬂltﬂl duictus artesiogs

1a this mallarmation the aorta anses prmanty froma the nght veprncle and the pulmo-
nary antery s atweue hence 1t makes na difference whether the pulmonary artery anses
from the nght or the Jeft ventnice
‘The blood from the nght aunde flows inta the nght ventricle and 15 pumped out
through the aorta ta the body "The blood 1n the systemic airculation 15 returned m the
norm.! fastuon by the superior vena cava and the mfenor vena cava to the nght aun-
cle 3nd thencs to the nght ventrcle Since there 1s pulmonary atresta, the oaly way for
the blood to reach the lungs 1s through the ductus asteriosus to the pulmonary antesy
The bload which goes to the fungs 1s returned in the normal manaer by the gulwonary
sems o the leh auncle and thence to the left ventricle. The blood from the left vente
cle 15 puraped out snto the sonta Tnasmuch as the aona anses mainly from the nghs
entncle these 55 difficuliy sn the expuluon of blood from the left vemncde I he
dusation of bfe 35 sufBorently long the left ventnicle may be hypertrophied, usually the
lefoventndle s small The nghe vestncle does the mam work. 3115 hy pertrophucd
Chincal dragnosic The heant 1s ealarged especiafly the nght ventrile In the an
enor postertor posiuon there 1 no fullaess of the pulmonary conus and i the Jeft
nenor-obhique posison the pul y sindow 15 v de and clear

. In this matformation there 1s not only difficulty 1 the direction of the biood to the

uags for oxvgenaton bur because the aora anses primanly from the nght ventnde,
there 15 also difficulty 1n the direction of the osygenated blood from the left veatricle
o the aorta The body recenes mainly senous blood from the nght ventncle capse

;{:&mly cyanous and dyspnea are itense The condition 15 not long compasble wah
e




DiAGRAM x~7
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DgacraM 27

Complete trassposctian of the great vessels primonary
stenosis a hsgh ventricular septal defecs
aad a patent foramen opale

1n thus malformation there 1s complete transpostiiont of the great s esséls combined with
pulmonary stenosis and 2 hugh entoieular sepest defect The foramen avale ;s l’rc‘
quently held open by the ngh pressate m the nght aunde W permus the flow ol
blood 15 one direction only, nately from rght to teft
*The blood from the night aunicle flowss into the nght venussele, 1s pumped out by
way of the sorta 1o the s stermic ¢ureutation and v vevvened by the supenor and sferior
venae caae to the nght auride and therce to the nght semncle The blood from the
left auncle flows 1nta the left sentricte and 15 pumped oot by sy of the pulmonary
atexy ta the fungs wheace it 16 returacd by the pulmonary vems 1 the left auscle
"The only possible way for 3 crossing of the two arculauons 18 wither from the aaghe
auicle through the foramen ovale 10 the left ausde of from either one of the sentricles
through the high ventrcular septal defect into the sonta or the pulmonary arcry As 1
Wl cases of complere transpostuion of the greac vessels the blood shunted from one side
tache othet ss sesurned 10 the side o which 3¢ was <hunted, st thereby raues the pres
sute on that side and Yowers the pressure on the ade from winch at was shunted Thus
blood shusted from 1he letr ventricle inta the aorta 15 retusned to the nght auncle and
the right ventncle As the pressure 1 the npht ventnele nses blood can be shunted
theaugh the veatnculas sepral defoct 1nita the stenosed pulmonary artery Nevestheless,
masmuch as there 1s pulmonary stenasis Intle blood reaches the ungs The pressure
e the nght veatricle nses ang subsequently the pressure 1n e nght aurcle also rises
The valve covening the foramen ovale 15 forced open and the blosd s shunted from
the right aurscle to the feft auncle thence w the left sentsicle, and oue by way of the
pulmonary astery and theaoita Owing 1o the small size of the pubmanary artery, there
15 a greater tendency for the blood to be shunted from the left ventriele 1nto the apna
thas from the nght ventncle ynto the pulmonasy artery There ss hedle teadeacy for a
;:;:rs?l ;n the direction of the shunt In conteast to most cases of complete transpos
e 5‘“mmg : -yaous ana dubbiag, are satense Physical development 15 se
5 of growth may be extreme The heart 15 but shghaly enlarged The
shadow ar the base of the heart to the Jeft of the ternum 35 concave and th
saund 1 this region 15 accentuated The muraur 3 present 15 systalic £ second
A ray shows a contonr siwmular o that of a tetralogy of Fallot bi hY jome The
entend searly to the penphery of the § Y of Fallor but the vascular markings
demiation and cwé:nxc): ol;n }}; : ings The °2mr0cardmgmm shous a right axis
ght venencular h)’pck‘tm;xhy
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Diacrart -8

Complete transposttion of the great vessels pulmonary
stenoas and an aurcular septal defecs

The essential feature of this malformation 15 complete transposition of the great vessels
combined with pulmonary steniosts the yentneular septum s tact but there 15 a
gross defect in the auncular septum

The blood from the nght auncle flows 1nto the nght seatricle and 15 pumped out
theough the aorta to the body and returned by the suptnor sena cana and whe snfesior
‘ena cava o the nght auncle In a similar manner the blood frons the left aunicle flows
1nto the left veninde and 1s pumped cut through the pulmonary artery to the lungs
and returned by the pulmonary vewns ta the left auncle With the fisst breaths of hile,
the pulmonary pressure drops 1nd thus lowers the pressure on the left sidc of the heare
Hence more blood 1s directed from the night auricle to the lett auncle. This continues
ugtl the pressure 10 the left auncle excteds that of the nght auncle thereupon the
direcuon of the shunt 1s reversed

The pulmonary stenosus protects the lungs but increases the work of the left ven
tnde As the pressure in the left ventricle nises the pressure 1n the left auade 15 1
creased The shunt 15 at the auncular level but 1t 1s the rclaune pressure 1n the who
ventncles which regulates the yolume and direction of the shunt,

Clinseal diagnosts Cyanosis and clubbing are iense Stunung, of growth 15 ex
tteme The chmeal findings and the cardiac findings are sumilar to those of a complete
;J:?sf:(s:u:r&l of x:e great vessels with pulmonaty stenosis and a ventncular septal de

pt that there is mote stran on the auncles and both the nght auncle and left

auncle are usually enlarged The electrocardiogram shows a nght axis deviation and
evidence of nght ventrieutar hypertrophy
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pertad of years the extreme polycythemia leads to 2 decrease m the blood plae
lets and to the usual changes in the clotting mechanism of the blood

Respirations are rapid, espeaially 1n early infancy As the child grows and
compensation mproves, the respiratory rate slows but always remains accel
erated

Bariel shaped chest deformuty 1s the rule

The lwer 1s usually shightly enlarged but does not pulsate

The pulse pressure 1s narrow ‘The pulses may be so weak that they are diff
cult to feel, nevertheless, they are of equal strength 1 the upper and lower ex
trermties

The blood pressure 1s low

Stunting of grosweh ss usually extreme In no other malformation 15 the stunt
g of growth as cxtreme as that which occurs in transposition of the great ves-
sels A lad of sixteen years may have the stature of a boy of twelve, or a boy of
twelve may be as small 1s the average chuld of eight Severe stunting of growth
in a cyanatic child should always 1rouse suspicion of a transposiion of the great
vessels with pulmonary stenosis

Exercise tolerance 1s extremely limited The child with a complete transpost
uon of the great vesscls and pulmonary stenosis seldom learns to walh before
three years of age and frequently not until the age of five or six, even then he can
walk only a short distance Many of these children get relief by squatting and
develop this habit as soon as they Jearn to walk

CARDIAC FINDINGS

The heare1s usunlly shghtly enlarged

A systolic murmur and a thrill over the base of the heart to the left of the
sternum are the rule Usually, however, nesther the murmur nor the thrill 1s very
intense

The second sound at the base 15 usually better heard to the left of the sternum
than to the nght, because the abnormal position of the aorta renders the pul
momec second sound louder than the aortic” second sound There 15, howeren
no reduplication of the second sound

Termunally there may be right sided cardac failure with engorgement of the
lver but congestion mn the lungs 1s minimal

\ RAY AND FLUOROSCOPIC FINDINGS

There are two distinct ¥ ray pictures, depending on the posiion of the aorta
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When the aorta anses from the right ventricle but 1s not rotated abnormally
far, the contour of the heart 1s closely ssmilar to that of a tetralogy of Fallot Nev
ertheless, during infancy the heart 15 usually shghtly larger and the vascular
markings are more conspicuous and extend further toward the penphery of the
lungs than 1n a tetralogy of Fallot

If the pulmonary stenosis 1s not too severe and the condition 15 compable
with life for 2 number of years, as the chuld grows and the diaphragm descends
the contour of the heart comes to resemble that of a tetralogy of Fallot The heart
15, however, shghtly enlarged There1sa concave curse at the basc of the heart to
the Ieft of the sternum and there are dense hilar shadows In addiuion there are
many small, discrete, circular shadows due to the blood vesscls scen on end as
they course from the posteriorly placed pulmonary artery to the anterior portion
of the fung (see Figure x-27) Careful examinaton of the x ray film will show

- A

he great vessels combined

Fiare -2y Complete transposition of 1]
with pulmonary stenosis Aduly
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that the vascular markings extend nearly to the persphery These findings ace
more readily seen on the v ray film than upon fluoroscopy Hence 1t 15 often the
discrepancy between these two observations which gives the clue to the diag
nosis

In the left anterior oblique position the pulmonary window 1s clear, as the
posterorly placed pulmenary artery courses to the lungs at a lower level than
when 1t anses from the nght ventricle

When the aorta is rotated so far to the left that 1t occupies the posttion o
the normal pulmonary artery, there 1s marked fullness of the pulmonary conus
as shown in Figure x—28 The conspicuous size of the ‘pulmonary conus’ 15 1
strihing contrast to the clanty of the lungs In reality the shadow high up to the
left of the sternum 1s cast by the aorta, the branches of the postersorly placed
pulmonary artery are not visible as they course to the lungs In the left antenor
oblique position the pulmonary window 1s large and clear

I'icure v-28  Complete transposition of the great vessels combined
with pulmonary stenosis Chuld

The aorta 1s transposed far to the left
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T e e

er 77 Froere s-z3 Complete trassposiion of
WoARALAE g, preat veseels combined with pulmonary
~ ~ SAEnOsIs

ELECTROCARDIOGRAPHIC FINDINGS

The standard leads show a nght as deviaton and the upelas precordial
leads show esadence of right s entrscular hyperirophy {ste Fygure x-29)

SPECIAL TESTS

The candusan of an mfant with a complete transposition of the great vessels
and pulmonary atresia 15 usually too entical 1o permus of specsal studies Hence
the followang discussion pertatns ta patients with pulmonary stenosis

The cireulation e 15 abnormally short Twa to four seconds from arm to
tongue 15 not unusual

The oxygen saturation of the arterial blood 15 always reduced and may be
extiemely low 1t falls sull further with exeraise

Cardiae ca l everization will usually show that the oxygen content of the
blood samples taben from the nght auricle, the nght ventricle, and the aorta are
closely sundar 1t 15 usually possible to cathetersze the aorta bur st 15 mamfesdly
mpossible to cathetersze the pulmonary artery There may or may not be evt
dence of an aunicular or aventncalar septal defecy

Angroc.rdiography may be of value when the aorta 1s rotated far to the nght,
as st vll confirm the observation that the vascular shadow at the base of the

heast to the left of the sternum 13 the 2orta and not the pulmonary astesy (sce
Frgure x- )

gure x-30) Owing to the p Y stenosss, no appreciable cancenteation of
dye ever reaches the lungs

OAGNOSIS

In casfy infancy the dagnoss 1s based «
pon the finding of persistent ¢
which appeass at an carly age 20d 1 2 socuated with sev mf;dyp;m ;:g"f’:)
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[ieure v-30  Complete transposition of the great vessels combined
with pulmonary stenosis Infant

The aorta nises far to the leit and arches to the right
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quent attachs of pasoxy smal dyspes, combmed with a hearr of characterisie
contour The concave curve of the cardiac silhouette to the left of the sterpum
2 the base of the heart indieates that the pul y artery 1s & ¢, mis-
placed, or absent ln the lekt antertor-ophigue posstion the tght ventricle 15 scen
tobe enfarged The enlargement of the nght ventsicke and the strength of the
pulse nducate that the night ventncle 15 doing the mayor work m che marnte
ance of the crcutaton The clear pulmonary window 1ndicates that the put
monary artery 18 dumputise of absent From these findings 1t 13 adduced that the
sonta anses manly from the nght ventrcle and that the pulmonary artery 15
wmarkedly stenosed or atretic

In chiddhood the dagnosss 1s based upon the finding of a severcly mncapact
tated cjanotic patient with marked stunung of growth who has shght eardiac
enhirgement and accenation of the sccond sound at the base of the heart to
the Jeft of the sternum and border hine compensation

X ray and fluoroscopic aid i the diagf The contour of the
beart 1s suntlar to that of a tetralogy of Fallot but the hidar shadows are dense
and the vascular markings extend to the persphery of the lungs When the aorta
1s rotated far 1o the feft, st occupies the position of the normal pulmonary artery
Under such circumstances the aorta arches conspicucusly upward to the left of
the sternum and the tungs are phenomenally dear

DIFFERENTIAL DIAGNOSIS

The condstion 15 most frequently mustaken for a tetralogy of Fallot, a sngle
ventricle with transposition of the great vessels, or a truncus artenosus with re
duced pulmonasy blood flow Occasionally 1t requires differentiation from a
Tauseg Bing complex

Atetralogy of Failot especsally one i which there 15 extreme dextroposition
of the aorta, may be extremely difficult to differentsate from a camplete transpo-
sition of the great vessels with pulmonary stenosts The second sound ta the feft
of the sternum 15 1ncreased 1o mtensity when the aorta arses from the nght ven

trzcle but the same 1s true when the dextraposition of the aorta s extreme The
extension of the sascular markings to the peuphery of the lungs 15, however, n,
seenmn atewralogy of Fallot ’ e
A single ventricle with pulmonary stenoss may be confused with the mal
formation under discussion, especrally when the great vessels ace tean. d
Fognre av-13) Indeed, cardac cathetenzation 1 sposed Gee

s frequently nece:
entrate the two conditions quently necessary to differ
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A truncus arteriosus with reduced pulmonary blood flow usually shows a
characteristic contour of the heart The heart 1s large and occupies a transiesse
position 1 the chest and the aortic knob 15 conspicuous Furthermore, the baby,
although intensely cyanotic, usually does better than mught be antiapated

A Taussig Bing malformation 1s confused with a complete transposition of the
great vessels and pulmonary stenosts only when the aorta nses far to the kft
In a Taussig Bing malformation there 1s 1 full pulmonary conus nd the hifar
shadows are increased, whereas in the malformation under discussion, the full
pulmonary conus 1s combined with excessively clear lung fields

TREATMENT

When a complete transposttion of the great vessels 1s combined with pulmo
nary stenosis, the condition may be greatly helped by a systemic pulmonary
anastomosts and the creation of an auricular septal defect Although some defect
in the auricular or the ventricular septum 1s essential for life, if only an anasto-
mosts 15 made, there 1s great danger that these openings may not be sufficiently
large to enable the left side of the heart to expel the mncreased volume of blood
which 1t recerves as a result of the ncreased airculation to the lungs Therefore,
unless a defect of moderate size can be demonstrated, 1t 1s wise to combine the
anastomotic procedure with the creation of an auricular septal defect Such 2
defect enables the increased volume of blood which 1s returned to the left auricle
to flow to the nght aunicle and thence to the nght ventrcle and out into the
aorta From the aorta some blood agam flows through the anastomosts to the
lungs and 1s returned to the left auricle Thus the double procedure not only
increases the arculation to the lungs but also permuts the establishment of a

figure of eight arculation Consequently there 1s hope that thus operation ma¥
place a constant, not an ever increasing, load upon the heart

A Baffes operation may be of benefit to chuldren with complete transpostion
of the great vessels and pulmonary stenosts Furthermore, 1n cluldren 1t may not
be found necessary to relieve the pulmonary stenosts,' because the patent can
live to childhood only when the pulmonary stenosts 1s not extreme

PROGNOSIS

Without operation the prognoss 1s poor Most patients with this malforma
tion are severely incapacitated but may live through childhood Even with tﬁ:’
eration the prognoss 1s guarded Although a patient may be symptomatically
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! 1
with the creation of
benefited by a systeratc pul c

Y
an ausscular septal defect, the red blood cell count, the hemoglobin, and the

hematocrit values seldom return to normal ley els

SUMMARY

Complete transposition of the great vessels may occur 1n combimation with
pulmonary atresta but such a malformation 1s seldom Jong compatible w 1th hfe
When complete transpositson of the great vessels occurs with pulmonary steno-
s15, the carculation to the lungs 15 greater but 1t 15 sull meager, real difficulty 1s
also encountered mn the direction of senous blood to the lungs and of oxy genated
blood to the systemic crrculation

Patients with ths malformation are mtensely cyanatic Polyeythemia devel
ops carly Dyspneass marhed Stunung of growth 1s extreme Exercise tolerance
ssextremely limuted These children squat when tred

The heart may be only shghtly enlarged A systolic murmur and a thnilf are
the rule X ray and fluoroscopic findings are closely simlar to those of a tetralogy
of Fallot with an extreme degree of pulmonary stenoss, except that the vascular
shadow s are more pronounced and extend to the penphery of the lungs When
the aorta 15 rotated so far to the left that 1t occupies the position of the main pul
monary artery 1t forms a conspicuous arc above the cardiac shadow Conse
quently there s fullness of the pulmonary conus combined with excessisely clear
lung fields

The electrocardiogram shows a night axis deviation and evidence of nght
ventricular hypertrophy Cardiac cathetenization shows that the aorta arises

manly or enrely from the nght ventricle Angrocardiography will demonstrate
that the shadow high up to the left of the sternum 1s the aorta

The malformation requires differentiatton from a tetralogy of Fallot with

severe pulmonary stenosis, from a single ventricle with pulmonary stenosis, from
atruncus arteniosus with reduced pulmonary blood flow, and occastonally from
aTaussig, Bing malformation
o e i s e o e e Pl
n of an auncular septal defect and also
by a Baffes operation
ut seldoy

reduction 1n the polycythemua The weied bt
patient 1s definutely by
fers from some himitation of activity 2y bencfied but sull suf
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D Complete Transposition of the Great Vessels
Combined with Complete Intery uption of the Aovtic Arch

Complete transposition of the great vessels 1 combination with complete
terruption of the aortic arch presents an unusually distnctive chmeal sy
drome

NATURE OF THE MALFORMATION

"The terruption of the aortic arch usually occurs between the left subclavian
artery and the pont of entrance of the ductus arteriosus When this occurs, the
descending aorta becomes continuous with the pulmonary artery through the
ductus arteriosus The heart iself 1s normally formed The ventricular seprum s
wtact (see Figure \-31) The foramen ovale 15 generally covered by a valie
which 1s not completely sealed

; L Carotid A

L Subet A

AN W) Descending Aorta

IV
12 Ductus Arteriosus
NOY
S S — Putmonary A
)
D! ))))Ascendmg Acrta

L Coronary A
L Auricle

R Ventricle

Ficure -3t Complete transposition of the great vessels combined with
complete interruption of the isthmus of the aorta Infant

The descending aorta 1s continuous with the pulmonary
artery through the ductus arteriosus
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COURSE OF THE CIRLULATION

I notmal feral circulation the blood from the pulmonary artery 1s directed
through the ductus artenosus to the descending aorta and some of the blood
from the nght aundle 15 durected through the foramen ovale mto the feft auncle
Essenmally the same arculatory mechanism persists when there 1§ complete i
terruption of the 1sthmus of the aorta (see Figure -2}

When, 1n addition to the complete interruption of the aottie arch, there 15
complete transposition of the greas vessels, the blood from the nght ventnicle
15 pumped out through the aorta to the head and the upper extremties, the
blood from the left ventricle 1s pumped out by way of the pulmanary artery to
the lungs and also through the ductus artenosus to the trunk and the lower ex
tremuties (see Fagure x~32) Dunng fetal hfe it makes litle difference which
great vessel pumps the blood to the head and which to the trunh and the Jower
extremties The malformauon places no stran upon the fetal arculation

Trvak gog
Gwe cxteers ¢ 3

Froure s-y2  Ferpl arculatton

A
1sthius of the aorta (&) Complee e upton of the

204 {B) narmal heare
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ulation Wth the expansion of the lungs, the blood n the pulmonary
rected to the lungs The consequence 15 thar the blood supply to the
the low er extrematies 1s meager The blood from the lungs 1s returned
nal manner to the left auricle With the first breaths of hfe some blood
cted from the night auncle through the foramen ovale to the left aun
- blood from the left auncle flows 1nto the left ventricle and 1s pumped
h the pulmonary artery to the lungs As soon as the pressure m the
 astery becomes higher than the pressure m the descending aorts,
1 blood will agam flow from the pulmonary artery through the ductus
o the descending aorta The blood from the lower extremtics 15 ¢
the 1nferior vena cava to the nght auncle The blood from the night
ses freely into the night ventricle 1nd 1s pumped out by way of the
e head and the upper extremuties Thus blaod 15 returned by the su
1 cava to the right auricle In additton, the right aurcle recerves from
rvena cava that portion of the blood from the left ventricle which has
ed through the ductus arteriosus to the descending aorta and the
mties It follow s that wath each cycle the nght aurcle recerses more
was expelled from the nght ventricle during the preceding beat Cor
1y, with each successtve beat, the left auricle recenes less blood tha
rmped out from the left ventricle by way of the transposed pulmonary
refore the pressure 1n the night auncle will steadsly nise and that 1n
1cle will f1t When the difference 1n the pressure between the nght
 the left becomes sufficiently great, the valve which covers the fora
will be forced open and blood wall be shunted from the right aunicle
This 1s the only mechanism by which the venous blood 1s directed to
or oxygenation Diagram \~g llustrates the course of the circulation

OF THE MALFORMATION

ch as the aorta arsses from the right ventricle, the head and the upper

recetse venous blood Since the pulmanary artery 1s continuous with
jing aorta, through the ductus artertosus, the pressure mn the pulmo-
15 the same as that i the descending aorta In other words, the fungs
,d under systemic pressure Furthermore, the only oxygenated blood
head and the upper extremties ever recenve 1s that which has been
rough the ductus arteriosus to the trunk and the lower extremmc;
-d by the inferior vena cava to the right auncle This blood 15 mre

e~ TN
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with the even MOTe poorly 0% gcmlcd blood returned to the nght aunicle from
the head and the Upper extrenuties by the superior veid cava Although 103
true that normal venous blood 15 not comp\ctdy deprir ed of oxygen this mx
ture of blood from the leftand the nght side of the hicart has an extremely mea

ger oxygen content

CLINICAL FINDINGS

Cyanosis of the head and the upper extremitics 18 INEASE
The difference 1 ¢)anosts between the upper and the lower extrenisties 18
¢ most sigmficant of all findings Although the pulses are equal 1n the upper
1d the lower extremities, the cyanosis 18 marhedly more ntense 1t the upper
remities The difference 1n <y anoss 1s due to the fact that the lower extremt
s recenc oxygenated blood from the descending aorta, which 15 continuous
hrough the patent ductus arteriosus with the pulmonary artery The hine of
Jemarcation of the cyanosis Lues at the brum of the pelus The occurrence of the
\ine of demarcation of the cyanosts at ths Jow level indicates that the principal
blood supply to the superficial layers of the abdomen 1s by way of the superfianal
epigastric arteries the latter anse from the internal mammary arterics, whichin
turn are branches of the ubclavian artenies (see Chapter \xv 1) Thus the ab-
domnat wall recenes sts blood supply from essels which are gnen off above the
pomt of interruption of the aorta

Dyspneaand polypnea ase extreme

The pulse in the lower extremities 15 of good quality Even though the blood
supply 15 sbnormal the strength of the pulse s normal

CARDIAC FINDINGS

The heart enlarges rapidly By four weehs of age 1t 1s greatly enlarged A
murmur may or Tay not be present If present, it1s systolic in ime Termnally
a gallop rhythm may develop Thelneris enlarged and the lungs are congested

X RAY AND FLUOROSCOPIC FINDINGS

“The shape of the heast s sigmficant The shadow at the base of the heart 1s

~agrow and the upper margin of the cardiac shadow to the left of thy

s concave Both ventricles are enlarged The work of the left v e

sreased because 1t pumps blood to the lungs as well as to the trunk c“‘(;‘dc Jowe

extremities whereas the worh of the nght ventricle 15 decreased ::e:}:c;l(:w"
5 mps

blood only to the head and the upper extremities Consequently the night v
entr
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DiacraM x—9

Complete transposition of the greas vessels combined
with complete ipterrupiron of the ssthmus of the
aorta The descending aoria s conlinuoits
swith the pulmonary artery throtigh
the ductus arteriosus

In thus malformanion theee 15 10 addiion to a complete transposition of the great ves
scls, a complete anterruption of the 1sthmus of the sorta beyond the left subclavian
antery, the descending aorta 1s ¢ with the pul y artery through the
ductus arterosus Consequently there is always pulmonary hypertension

The blood from the nght auricle flows mto the nght semncle and 15 pumped out
through the aorta to the head and the upper extremiues and 15 returned by the superior
senacava to the nght auncle. The blood im the left aundle flows into the left venunscle
and 15 pumped out into the pulmonary artery The blood which flows to the lungs 15
returned 1n the normal manner by the pulmonary veins to the left auncle Howeser
some of the blood from the pulmonary artery flows through the ductus arteniosus to
the trunk, and the lower extremities This blood 1s returned by the mfenor vena cava
to the nght auncle Thus with each cycle the nght auncle recerves all the blood
pumped out of the nght ventricle whch 15 returned by the superior vena cava and
same of the blood pumped out of the left ventricle which 1s returned by the fertor
vena cava hence the pressare 1n the nght auncle nses and the pressure 1 the left
auncle falls Consequently the valve tovenng the foramen ovale 1s forced open and
some blood flows from the nght auricle through the foramen ovale 10 the left aunicle
Thus 15 the only way by which venous blood 1s dirccted to the lungs for oxygenation
Oxy genated blood 1 directed to the feet and the lower extremities from the left v ety
cle through the pulmonary artery by way of the ductus artenosus The only oxy gen
which the ught side of the heart ever recerves 1 that containied 1n the venous blood
rewrned by the infenor vena cava Consequently the supply of oxygen to the head
and the upper extrermities 1s very meager

Clinscal dragnosis The heart 15 enlarged ‘The shadaw at the base of the heart to
the left of the sternum 15 concave The shadow cast by the great vessels 1s narrow when
viewed 1n the antenor posterior posiion and increases 1n width 1n the left
oblique position Cyanosis and dyspnea are intense Furthermore, inastnuch o
?{ud blzod 15 durected from the pulmonary astery through the dl’-\t{us n:;::u‘:’z&::c

esce)
nding 20rta the lower exteemuties will be less cyanotic than the UPper extremities
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SPECIFIC MALFORMATIONS

Ticure \-33 Complete transposition of the great vessels combined with
complete interruption of the 1sthmus of the aorta Infant

cle ss not as big as 1t usually 15 1n most cases of complete transposition of the great
vessels and the left ventricle 15 larger The alteration 1n the relauve size of the
two ventricles renders the shape of the heart distnetne The increased size of
the left ventricle makes the absence of the pulmonary conus of the night + entricle
more conspicuous than 1t 1s 1n most other cases of transposition (compare Fig
ures ¥-6 and 33) The great size of the left ventricle also causes the apex of the
heart to be upturned and the ventricular shadow to extend horizontally toward
the avilla In the left anterior oblique position the right ventricle 1s seen to be
enlarged but does not extend as close to the anterior chest wall as 1n other cases
of complete transposition of the great vessels, greater rotation of the infant s re
quired to cause the left ventricle to clear the spinal column

The changes 1n the width of the shadow at the base of the heart which are
charactenstic of complete transposition of the great vessels can be demonstrated
by fluoroscopic examunation In the anteror posterior position the 1ortic shadow
1s narrow, upon rotation of the 1nfant into the left anterior obhque position, this
shadow ncreases in width

In addition, rhythmic changes m the size of the right auricle may be seen
These are due to the fact that the pressure 1 the nght auricle steadily rises and
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that 1 the left auricle falls unnl the difference 1n pressurc bewween the t\vio
undles 1 sufficient to force open the valve which covers the foramen ovale
Thereupon blood will flow from the nght auncle to the left auriele and the nght
auncle will collapse

ELECTROCARDIOGRAPHIC FINDINGS

The standard leads usually show a nght aus deviation and the umipolar pre
cordial leads should show evidence of greater hypereraphy of the Iuft ventncle
than occurs tn other cases of complete transposstion of the great resscls

DIAGNOSIS

The diagnosis 1s based upon the finding of an infant with 1ntense cyanosis
and severe dyspnea whose feet and lower extreminies are of almost normal color
The heart 15 grearly enarged Inthe antenor posterior X ray film there s absence
of the fullness of the pulmonary conus, 3 shatp concave curie to the left of the
sternum, and a narrow poruic shadow In the left antenor-oblique position the
shadow at the base of the heart 1s increased 1n width and both ventnicles are seen
to be enormously enlarged, the nght ventricte, howeser, 15 shphtly smaller and

the left ventricle 15 even farger than 1s usual 1n a complete transposition of the
great vesscls

DIFFERENTIAL DIAGNOSIS

The condition 1s to be differentiated (1) from a complete transposition of the
great vessels with a patent ductus artenosus the foramen avale covered by a
valve, and a normal aottic arch and (2) from complete 1nterrupuon of the 1sth
mus of the aorta withont complete transpostion of the great vessels

Complete transpostion of the great vessels with a patent ductus artersosus
and the foramen otale covered by a salve which 15 not complescly sealed 1s physt
ologically closely sunular to the malformation under discussion The contaurs of
the heast in the antenor posterior passtion are 1dentical (compare Figures x-10
and 33) The two conditions can be differentiated by the difference in the 1n
tensity of the cyanoss between the upper and the lower extremtes 1n the mal
form ition under discussion the dsfference 1 readily apparent,
aorta s wntact 1t may be so shight that 1t 1s difficult 1o determ,

Coamplete inserruption of the ssthmus of the aorta with
the great vessels can readily be dfferentrated from the mal
cussion by the distrsbution of the ¢yanosis When the g re:

whereas when the
e with certanty

0uz & iranspositon of
lformation under dis-
at vessels oceupy their
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normal position, only the feet and the lower extremuties are cyanotic, wheres
when the great vessels are transposed, the cyanosis 1s imited to the head, the up-
per extremities, and the abdomunal wall In both instances the hine of demarca
tion of the cyanosts lies at the brim of the pelvis When the cyanosts 1s limited to
the feet, 1t may be completely overloohed or thought to be due to cold Further
more, dyspnea 1s absent

PROGNOSIS

The prognosis 1s extremely poor The oxygen supply to the head and the up-
per extremmities 1s so meager that the malformation 15 compatble with hfe for
only a few weehs

SUMMARY

The diagnostic features of this malformation are (1) mtense cyanosis and
severe dyspnea, (2) the features which are pathognomonic of a complete trans-
position of the great vessels the narrow aortic shadow n the antenor posteror
posiion and the wide aortic shadow 1n the left anterior-oblique position, com
bined with enlargement of both ventricles and the absence of the fullness of the
normal pulmonary conus of the right ventricle, (3) the features which are char
actenstic of complete absence of the aortic arch between the left subclavian ar
tery and the point of entrance of the ductus arteriosus although the pulses arc
of equal strength 1n both extremiues, there 1s a difference i the ntensity of
cyanosts between the upper and lower extremities, when this occurs 1n combina
tion with a complete transposition of the great vessels, the cyanosss of the upper
extremities 15 more intense than that of the lower extremuties, (4) rhythmic
changes 1n the size of the nght aunicle mdicate of a foramen ovale which 1s at
tmes functionally open and at imes functionally closed
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CHAPTER XI
THE TAUSSIG-BING MALFORMATION

TRANSPOSITION of the aorta combmed with a pulmonary arter
which anses from the nght ventricle and partially over ndes the ver
tricular septum ws listed by Pernhopf 1n 1926' as one possible con
bination of anomalies 1 1 transposition of the great vessels It was not, howere
until 1948 that Taussig and Bing® showed that this malformation presented
distinctve chmical syndrome
This malformation 1s relatnvely common among children who suffer fror
persistent cyanosis because the structure of the heart permts a fair degree of th
crossing of the two arculations and does not lead to progressive cardiac enlarg
ment Therefore the condition 1s compatible with relative longevity Farlure t
differentiate this syndrome as 1 specific entity occurred partly because the anon
aly 1s compauible with relatnve longevty and partly because both clinicians an
pathologists confused 1t with 1n Eisenmenger complex The two condrtions ar
however, quite different In the Eisenmenger complex the aorta arses manl
from the left ventricle and partially over nides the ventricular septum and cor
sequently 1t recers es blood from both ventricles, the pulmonary artery arises ef
urely from the nght ventricle In contrast to this, in the Taussig Bing malform:
tton the aortt 1s transposed and arises entirely from the nght ventrcle, th
pulmonary rtery also 1nses from the nght ventricle but partially over ndes th
ventricular septum, consequently 1t 1s the pulmonary artery that recerves bloo
from both ventricles
The Taussig Bing malformation 1s also closely stmular to the conditton u
which both the aorta and the pulmonary artery anse from the nghe ventricl
(see Chapter vir) In such an anomaly there 15 always 2 ventricular septal defec
to enable the blood to escape from the left ventricle Abbott® warned that thi
latter malformation should not be confused wath an Eisenmenger complex The
defect frequently lies at the base of the pulmonary artery, which, however, does
not over ride the openmg When the pulmonary artery over rides the ventrcular
septum the condition 1s more readily compauble w1th life than when both great
vessels arise from the right ventnicle Consequently such 1s the usual nature of
the malformation among those who In e until cluldhood or early adult life
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NATURE OF THE MALFORMATION

The outstandung features of this malformation are  the aorta 15 transpased
and artses enturcly from the nght ventricle, the pulmonary artery anses mamnly
from the right ventricle but partially over nides the ventnicular septum and con
sequently also recesves blood from the left ventricle, there 1s 2 lugh ventricular
septal defect, and there 1s nght ventneular hypertrophy

In this malformation the transposed aorta hies to the nght of the pulmonary
artery,as hown 1n Figure xi-1 The aorta 15 usually smaller than the pulmonary
artery the aorta, however, may be normal i size and the pulmonary artery 15
frequently abnormally large When the pulmonary artery over nides the ventnc
ular septum, the condition 15 desenbed as levoposition of the pulmonary artery
todesignate the counterpart of dextroposition of the aorta Detroposition of the
aorta means that, although the aorta anises pnmanly from the left ventnele, st
13 displaced so that the aortic onfice partially over ndes the ventrcular septum
and consequently the aorta recetves blood directly from the right sentricle Levo-

Fieure a

Taussig Bing maiformation

(Case at-y s
pabent as 1o Frgures xy-, "

45 6) Child



CHAPTER XI

THE TAUSSIG BING MALFORMATION

TRANSPOSITION of the aorta combined with a pulmonary artery
which nses from the night ventricle and partially oser nides the ven
triculr septum was hsted by Pernhopf 1n 1926" as one possible com
bintion of anomalics m 1 transposition of the great vessels It was not, however,
untl 1948 that Taussig and Bing® showed that this malformation presentcd 2
distinctiy e chinieal syndrome
This malformation 1s relatnvely common among children who suffer from
perststent cj anasts because the structure of the heart pesmuts a fair degree of the
crossing of the two circulations and does not lead to progressie cardiac enlarge
ment Therefore the condition 1s compatble with relate longevity Failure 0
differcntiate this syndrome 1s 2 specific entity occurred partly because the anom
aly 15 compauble wath rclatve longevity and partly because both clincians and
pathologists confused 1t with n Liscnmenger complex The two conditions art,
however, quite different In the Essenmenger complex the aorta arises manly
from the left ventricle and partially over rides the ventricular septum and con
sequently 1t recenes blood from both ventricles, the pulmonary artery arises i
uirely from the nght ventricle In contrast to this, in the Taussig Bing matforma
uon the aort2 1s transposed 1nd arises entirely from the nght ventricle, the
pulmonary artery also anses from the night ventricle but partally over rides the
ventricular septum, consequently 1t 1s the pulmonary artery that recerves blood
from both ventricles
The Taussig Bing malformation 1s also closely similar to the condition 1
which both the aorta and the pulmonary artery arise from the right ventricle
(sec Chapter vt} In such an anomaly there 1s always a ventricular septal defect
to enable the blood to escape from the left ventricle Abbott® warned that this
latter malformation should not be confused with an Eisenmenger complex The
defect frequently lies at the base of the pulmonary artery, which, however, does
not over ride the opening When the pulmonary artery over rides the ventricular
septum the condstion 1s more rcadily compatible with Iife than when both great
vessels anise from the right ventricle Consequently such 1s the usual nature of
the malformation among those who Irve until childhood or carly adule life
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ventricle 15 also purnped 1nto the pulmonary artery (sec Figure a-3) Thus the
pulmonary artery recexves blood from both ventncles Consequently the volume
of blood which flows through the pulmonary artery duning fetal hfe 1s greater
than normal Thas may be the explanation of the abnormally large size of the
pulmenary artery

After birth all the blood from the nght auncle flows into the night ventricle
Part of the blood from the nght ventncle 15 pumped out by way of the aorta to
the systemuc arculation and part 1s pumped out by way of the pulmonary artery
tothe lungs All the blood which goes to the lungs 15 returned by the pulmanary
vens to the left auncle Thence 1t flows into the left ventncle Most of the blood
from thelefe ventricle ss pumped directly into the pulmonary artery, which over
ndes the ventricular septum and arses 1n part from the left ventncle This oxy
genated blood re-circulates through the lungs and 15 returned 1o the left aunscle
and the left ventricle Inasmuch as the aotta arsses fram the nght ventricle, the
only oxygenated blood which reaches the aarta 1s that which 1s pumped through

Ticure X1-3  Fetal airculation {A) Taygs,
(B) normal heary

g Bing malformation and
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position of the pulmonary artery means that the pulmonary artery, although x
arses mainly from the nght ventricle, partially over nides the ventricular septum
and thereby recenves blood from both ventricles, as shown 1n the cross section in
Figure \1-2 A Ingh ventricular septal defect 1s inevitable exther with dextropos
tion of the aorta or with levoposition of the pulmonary artery In the malforma
uon under discussion the abnormal posttion of the pulmonary artery causes the
defect to lic beneath that vessel Inasmuch as the aorta anses entirely from the
right ventricle and the pulmonary artery also anises mainly from the nght ven
tricle, there s nght ventrcular hypertrophy

COURSE OF THE CIRCULATION

During fetal life the nght ventricle does the mamn work Most of the blood
from the night auricle flows 1nto the nght ventricle and from there 15 purped out
both 1nto the aorta and nto the pulmonary artery The blood in the aorta 15 i
rected to the systemic circulation and 1s returned 1n the normal manner to the
nght auricle The blood 1n the pulmonary artery flows to the lungs and through
the ductus arteriosus to the descending aorta The blood which flows to the
trunk and the lower extremities 1s returned 1 the normal manner to the nght
auncle and that which arculates through the lungs 1s returned in the normal
fashion to the left auricle and thence to the left ventricle Inasmuch as the 20rta
anses entirely from the right ventricle and the pulmonary artery arises pamall)
from the left ventricle, the blood from the left ventricle 1s pumped out nto the
pulmonary artery As previously mentioned, part of the blood from the nght

_Jeptal
defect

Aorta™”
~ Pulmonary artery ="

Taussig Bing Normal

Fiouse \1-2  Taussig Bing malformation and normal heart
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between the gradual expansion of the lungs and the p“lmom\;z' vas]cul;:.
changes Exentually the pulmonary resistance becammes so high that the nig ):] [
Lefe shunt 15 mereased and the oxygen saturition of the astersal blood 1s further
decreased ‘The coflateral arculatson develops, pofyeythemia ancreases sul} fur
ther and may hecome extreme ol

Polypnes 18 a.comemon camplant Infants wth tius malformation rarely have
attachs of parosysmal dyspnea such as <o frequently ocasrin wfants with pul
monary sieposs of atresia, and they da rat suffer fram eprsodes of loss of con
scroasness such s are common 10 nfants with 4 complete transpasition of both
greatvessels

The exercise tolerance 1s mmed Nevertheless, the incapacity 15 not as gren
a5 mught be expected with a transposed aorta Although the chuld may 1end 1o
squar when he first starts to walk, he soon overcomes the habir He can fre
quently walk a considerable distance 1t a slow pace

Stunnng of growth may ocour W erght gan 18 stow and often the chuld 1
vesy thin

The blood pressure 1s dfficult to obtain and the padse pressire 1s narrow but
of equal strength n the upper and the low er extremities

CARBIAC FINDINGS

The hearzrs but shghdly enfarged 1t may or may not be possible to detect the
Eullness of the pulmonary conus by peccussion The second sound ever the pul
taonary area 1s accentsated On palpavon there 352 systolie hnll and on auscud

taton a systalte murmur 1s andible over the precordium The murtour 3s usually
newher very loud nor rasping

»RAY AND FLUOROSCOPIC FINDINGS

The beart 15 vurtwally of normal size The pulmonary conus 15 full and the
oy markangs are meseased (see Fagure xi~5) In carly childhood the contour
af the heart may closely resemble that of an uncomplicated patent ductus arterso-
susor an agicular septal defect In older chyldyen and young adults the contour
of the heare 1s closely simlar to that of an Essenmenger complex

The left antertor-ablique position 15 the mosy advantageous for the study of

;ht 20rt2 and the pulmonary artery In dus view the aorta appears small and the
2rge pulmonary artery arches postertorly below the aorta

. The ‘;;lght antenor-oblique position shows the relatian of the pulmonary ar
tf to the esophagus When the pulmonary artery 15 abnermally large, may
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the septal defect into the nght ventricle In the nght ventricle the oxygenated
blood from the left ventricle mives with the venous blood from the nght aundle,
this mixture of oxygenated and venous blaod 1s pumped out by way of the aoma
to the systemuc arculation and 1s returned 1n the normnl manner by the supesor
and nferior venac cavae to the nght auncle There the cycle starts agam The
course of the crrculation 1s shown 1n Diagram xi-1

PHYSIOLOGY OF THE MALFORMATION

Inasmuch as the aorta anses from the nght ventrcle, the nght ventncle
tahes over the funcuon of the left ventricle, the pressure i the nght ventnicle s
that which 1s normal for the left ventricle Consequently the pulmonary artery,
which arises from the right ventricle, recenves blood under systemic pressure,
hence there 1s always pulmenary hypertension

The pressure in the left ventricle 1s also elevated, as at best 1t must expel blood
against systemuc pressure, 1 addition, there 1s difficulty 1 the ejection of the
large volume of blood returned to the left ventricle, for this reason the pressure
1n the left ventnicle may exceed that m the right ventricle Ths in rurn further
rases the pressure 1 the pulmonary artery Consequently the pressure the
pulmonary artery may exceed the systemic pressure Since the oxygenated blood
returncd to the Jeft ventnicle 15 directed 1nto the pulmonary artery, the oxygen
saturation of the blood 1n the pulmonary artery 1s higher than that n the aorta

The lugh pressure with which the blood 1s ejected into the lungs sets up the
usual sertes of changes in the pulmonary vascular bed As the pulmonary ¢
sistance rises, less blood reaches the Iungs for oxygenation and more blood 15
shunted into the aorta As the years go by, these changes gradually lead to a fur
ther decrease in the oxygen saturation of the artertal blood and to ever increasing
polycythemia Exentually the condition becomes mcompatble with e

CLINICAL FINDINGS

The outstanding chinical findings are persistent cyanosss and clubbing of the
extremities

Cyanosts dates from birth and 15 of umiform distnbution Clubbing of theex
tremities develops at an early age There 1s usually dilatation of alf the capdlanes
of the body and suffusion of the conjunctivae (

Pol}:)t/iemm 1s the rule The red blood cell count, the amount of a\;ml 3
ble hemoglobin, and the hematocnit reading are abnormally lugh Dunng c‘ In! g
hood the hemoconcentration remains relatvely constant, as there 15 a balanc
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DIAGRAM NI-1

Tansstg Bing maljormairon

Tn thes malformation the aorta 18 transposed and anses from the nght seatncle The
pulmanary artery arses mawly from the nght ventncle bue shghtly over tdes the ven
tascular septum and recenves blood from both ventricles Tt follows that the ventnculay
septal defect 1s an aegral part of the malformation The defect lies beneath the pul
monary artery Sincethe sorta anses from ihe nght ventndle and the pulmanary artery
also arises su part from the nght sentncle there 1s pulmonacy by pertension

The blood from the right auricle fows wato the aght sentacle Inasmuch as the
a0t anses from the nght ventncle part of the blood from the ngft ventsicle o
pumped dscectly 1nto the aona and part 1s pumped mto the pulmonary astery The
blond pumped 1o the pulmonary artery flows ta the lungs, where it 15 oxygenated
and »s revurned 1o the left avncle in the normal manaer All the blood 1 the left aur
e fows mto the left ventncle The blood 1n the left sentncle 1s pumped out wnto the
pulmonary artery and through the septal defect inta the nght ventncle Inasmuch as
the pulmonary artery ones nides the ventncular seplum 1t receines 4 ryxeure of oxy
genated blood from the left ventncie and venous blood from the nght ventncle, Thus
muxture of oxygenated and venous blood circulates throughs the fungs and 1s returned
to the left e of the heart "The only oxygenated blaad which the aarta secerves 15 thae
whuch 1 pumped from the left ventosie throngh the septal defect into the nght senta
dle-Thus saixtuse of oxygenated and venous blood which has a lower oxygen content
than that 1n the pulmonary artery 15 pumped into the aorta and airculates through the
body and 15 revurned 1n the normal manner by the superior vena enva and the infenor
vena cava to the nght auncle There the cycle starts again
" !illx:tc:é i:g:x':: f)uysn:sls 1clatcs from b‘mh and 15 persistent Polyeythemea gad
hmltcd%; e s hx; sti: lc'»cl ap at a;x c.;; y :g: The patients exeroise 1olerance 1
ot of the heart 1s sxmllqraw‘:h‘m o . Ejm s b ghtly catarged The con
s f s S a a; sc‘cﬂ i an Eisenmenger complex sn that there 15
age The fac tl?a& bo:hi;\y::j:: an: ts;:m::l —

TRONATY arter

dlevnereases the worh, of that chamber Tflc :1&&033:;;;;”::;‘:}1::‘?; }: :f )a:(u‘ ::m
aton and evidence of nighe ventocular hypcmophy ¥ b e

lar shadaws develop ot an early






-
W1 TAUSSIG BING MALFORMATION 15

Tk

o=
T om WR WL e pgge s Taussy Bing matformation

- AYV \J(\ (Ca ex1-r) Child

1nto the nght divents the catheter from the pulmonary onfice 1€ the catheter
does not enter the pulmonary artery, the findings are sumfar to those m a
tetcalogy of Fallot 1f the pulmonary astesy 15 catheterszed, the pressuce 1 the
pulmonary artery 1s as high or hagher than thatan the aorta and the oxygen con
tent of the blood 1n the pulmonary astery 1s fugher than that i the aorta

Angrocardiography reveals early filling of the aocta and shght opacifica
ton 10 the region of the pulmanary conus The dye may be dissipated so
rapudly through the large pulmonary antery that hutle of the radio-opaque ma
ternal 1s visible 1n the Tungs {see Figore 3v-6)

The procedure, however, 1s not withaut danger because the rapid mjection
of the dye ncreases the pressure in the nght side of the heart and consequently
may block the flow of blood from the left ventnde to the nghy ventnde and
theteby may decrease the supply of oxygen to the body Consequently, not only
15 a large amount of contrast media poured img the aosta, but the pauent s
sumultaneously depnived of oxygen The procedure has been hnown to cause
sudden death Usually, however, the oxygen saturation of the artenal blood 1
sufficiently hagh so that the momentary decrease 1 the oxygen content of the
blood 15 not dangeraus for the patient Nevertheless cantion should be exercised,
especially as angiocardiography is seldom necessary for the diagnosis of thus mat
formanon
DIAGNOSIS

The diagnosis 1s bastd upon the contour of the heart 1 the x ray and the find
g of persistent cyanoss which dates from buth The

heart s but shghtly en
larged and the x ray shows fullness of the pulmonary conus and lncrcagscd){ular
shadows fluoroscopy usually reveals expansile pulsations 1n the hilar vessels
The clectrocardiogram shows a night axs deviation and evidence of nght ven



234 SPECIFIC MALFORMATIONS

Ficure 1~y Taussig Bing malformauon
(Case »1~1) Child

cause bachward displacement of the esophagus below the level of the aoric arch
Fluoroscopic examination usually reseals expansile pulsations of the hilar
shadows, these become increasingly conspicuous with age

ELECTROCARDIOGRAPHIC FINDINGS

The standard leads show a right axis deviation and the umpolar prccordml
leads show evidence of night ventricular hypertrophy (see Figure i-5)

SPECIAL TESTS

The circulation time (arm to tongue) 1s abnormally short

The oxy gen saturation of the artersal blood 15 abnormally low Upon exercist
there 1s a gradual further fall in the oxygen content of the artenal blood

Cardiac catheterszation reveals 2 hugh pressure m the nght ventrcle The
oxygen content of the blood 1n the right ventricle 15 higher than that 1n the
nght auncle It1s easy 1o pass the catheter 1nto the aorta In some instances 1t 35
possible to cathetenize the aorta and the pulmonary artery with equal case In
other mstances difficulty may be encountered 1n cathetenzation of the pulmo-

nary artery because the stream of blood which 1s pumped from the left ventncle

et
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C
tricular hypererophy The diagnosts 15 confirmed by cathuterszauan when h
aota and the pulmonary artery are entered with equal ease

DIEFERENTIAL DIAGNOSIS

“The malformaton 1s most commonly confused with an Lisenmenger com
plex and occ: ly with @ compl 13 of the great vessels and 3
difated pulmonary artery, 1t may also be confused with a cor pulmonale, that ss,
with prmary pulmonary hypertension
The Exsenmenger complex produces a chnical syndrome which, m older pa
tents, s casely suaiar to that of the Taussys Bing malformavion In both mal
formations the patients show persistent cyanosis, 1 neither does the patent
squat The contaurs of the heart and the x ray and Ruoroscopic findings are
simlar both malformations cause fullness of the pulmonary conus and a lular
dance Both show a nght axis deviation and evidence of mght sentneular hyper
trophy Both have 2 short asreulation tme The salient differencebetween the two
malformations 1s that 1n the Taussig Bing malformation cyanosts dates from
buth, whereas in the Exsenmeng,er complex cyanosis usually develops at or about
the time of puberty Hence, 3f the climecal picture 15 that of an Fisenmenger com
plex except that cyanosis dates from burth, the malformation 1s prabably that of
the Tausstg Bing type
Complete transposiion of the great vessels wuh a dilated pulmonary artery
which over nides the ventrcular septum 1s funcuionally sumilar to a Taussig Bing
malformation * When the great vessels are completely transposed, the occur
rence of a concas ¢ curve at the base of the heart and Jarge blotchy hilar shadows
clearly differenuates 1t from a Taussg Bing malfosmation Occastonally the
mamn pubmonary artery 15 so greatly dilsted that 1t 1s vistble o the left of the
sternum and gves the appearance of a normally placed difated pulmonary ar
sery Under such circ s a complete tr position of the great vessels may
daselysimlate a Taussig Bing malformation Angmc:ndlography or obseryaton
of the course of the catheter as it enters the pulmonary artery may be necessary
0 differentiate the two condittons
A partial anomaly of the venous return comban,
formation has been teported by Schuhz® Such an anomaly 15 of benefit to the
‘:::::‘&‘:ssi‘;g:lzf::ﬂsi ;0:;1:1 }:)cf :;;Zulmjsary vems anto the right auncle
ventricle and increases the volume of ox 7 the nght auncle and un the nght
ygenated blood directed 1nto th
{see Dragram x1-2) Hence it lessens the patient s sncaf ° aoma
pacity and renders the

tr

ed wath a Taussig Bing mal
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Fioure \1-6  Taussig Bing malformation (Case ai-1) Child

Antertor posterior view show s simultancous opacification
of the aorta and the pulmonary artery In the lateral
\1ew the pulmonary artery 1s concealed by the aorta
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s cular hypertrophy The diagnosss 1s confirmed by catheterizauon » hen the
a0rta and the pulmonary artery are entered with equal ease

DIFFERENTIAL DIAGNOSIS

The malformaton 1s most commonly confused with an Essenmenger com
plex and occasionaly w 1th a complete transposition of the great sessels and a
dilated pulmonary artery, it may also be confused with a cor putmonale, that 1s,
with pnmary pulmonary hy pertension

The Exsenmenger conplex produces a chnucal syndrome w hich, sn older pa
uents,1s closely stmular to that of the Taussig Bing malformation In both mal
formattons the patients show persistent cyanosis, 1n neither does the patient
squat The contours of the beart and the x ray and fluoroscapic findings arc
smular both malformatons cause fullness of the pulmonary conus and a lnlar
dance Both show a right axis deviation and evidence of night ventneular hyper
trophy Both have a shart airculation ume ‘The sabient diffcrence between thetwo
malformations 55 that in the Taussg Bing malformauon cyanosis dates from
birth whereas in the Exsenmenger complex cyanosis usually deselops at or about
the yme of puberty Hence, if the chanical picture 15 that of an Lisenmenger com
plex except that cyanoss dates from burth, the malformation 1s probably that of
the Taussig Bingtype

Complete transpossuion of the grear vessels with a dilated pulmonary artery
which over ndes the ventricular septumn 1s functianally stmilar to a Taussig Bing
malformation * When the great vessels are completely transposed the occur
tence of a concase curve at the base of the heart and large blotchy hilar shadows
dearly differentiates 1t from a Taussig Bing malformation Occasionally the
:;‘;‘u:lz‘;nary arl‘h:ry 15 so greatly dilated that it 15 visible to the left of the
tery Under sugc‘;“:m : appearance of a normally placed difated pulmonary ar

mstances a complete transposition of the great vessels may

5!
;;)) simutate 3 Tausssg Bing malfarmation Angiocardiography or cbservation
0f the course of the catheter as 1t enters the

pulmonary artery may be necessar
to dferentiate the two conditons e ’

dpartd anomaly of the venous return combined with a Tausst

forma

pamnizon }:is been reported by Schultz * Such an anomaly 15 of benefit to the

s has ¢ catrance of some of the pulmonary verms mto the nght aunicle
the oxygen saturation of the blood

vennicle and ancreases the vo

(sce Dyagram x-z} Hence

g Bing mal

mn the nght aunicle and 1n the nght
lume of oxygenated blood directed mto the zorty

1t lessens the patent s ncapacity and renders the
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Diacrant -2

Tausag Bing malformatian combined 1 1th a pargal
anomaly of the prlmonary ceaous resurn

In thus sstance a Taussig Biog maifs 15 combined with the fous return
of the right pulmenary veans tato the right auncie

The blood from the nght auncle flows 1nto the nght ventricle Since the aorta anses
enurely from the night ventnele and the pulmonary artery anses partly from the nght
senuncle the blood from the nght senincle »s pumped owt 1t both the aorta and the
pulmonary artery hence there 1s pulmonary hypertension The Ylood shuch goes w0
the lungs 1s oxygenated Pactof the oxygenated bload from dhe lunys i retuened to the
nght aunicle and the rest 15 returned to che left auncle thence it flaws to the left vea
trcle The blood 1n the left ventncle 18 pumped out tnto the pulmonary actery and
whtough the spral defect imto the night ventricle and thence o the aona All the
blood whuch 15 directed inta the aorta 15 returaed by the supenor venz casa and the
sofenor vena cava to the nght aundle There the venous bload 1s muaed with the fully
omgenated blood which 1s retusned by the nght pulmonary veins to the night auacie

Thus susvure of venous and anenat blood flows 1nto the rght ventndde. There the
cyele stants agan

Clinscal diagnoss The dragnons 1 based upon the Sinding of a shghly qanouc
pauens with the cardiac findings of a Taussig Bing mallormation Cyanosis 1s minimal
because part of the blood which 15 oxvgenated s the Tungs 1s returned by the anoma
1ous veum 10 the ght auncle and thence to the nght ventricle thereby the valume of
e ox) penated blood durected to the systemue ereculation 18 1ncreased
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ondition more compatible with life This combination of anomalses should be
onsidered when the physical findings are sumilar to those 1 2 Tausug Bg
alformation but eyanosts 1s mmimal

A grass defect in the auricular septum 1s also beneficral to the patient Indeed,
ich 4 defect does what the surgeon 1ttempts to do when he creates an aunculir
efect (sce below)

Cor pulmonale and primary pulmonary hypersension 1n older paticnts may
semble the Taussig Bing malformation However, a patient with a cor pol
1onale or prmary pulmonary hypertension does not usually show cyanosss at
irth Indecd, the development of cyanosis during adolescence or 1 early adult
fe 15 characteristic of a cor pulmonale Morcover, the severuty of the dyspneass
ut of proportion to the mtensity of the cyanosis Furthermore, the systemic
rculation ime 15 normal or prolonged 1n patients wath primary pulmonary hy
crtenston, whercas in the malformation under discussion the arm to-tongue ar
lation time 1s abnormally short Lather cardiac catheterization or anguocards
graphy will clearly differentiate. the two malformntions, as the aorta anses front
1 left ventricle 1n 2 cor pulmonale and from the nght ventncle 1n a Taussig
ing malformation

REATMENT

Surgery offers some hope to patents with a Taussig Bing malformation The
eation of n auricular septal defect uds m the direction of ovygenated blood
 the systemuc circulation, and thereby lessens the incapacity of the patient, but
does nothung ta alter the pulmonary hypertension

A Baffes operation® 15 also of real benefit to a pauent with a Taussig Bing
alformation, as 1t ads 1n the direction of ovygenated blood to the aorta and
: venous blood to the pulmonary artery Neither the Baffes operation not the
eation of an auricular septal defect reduces the pressure m the pulmonary ar
ry Unfortunately the pulmonary hypertension will eventually cause difficulty

Medical treatment 1s the same as for other cyanonc children Intravenous
ud should always be given extremely slowly, because any procedure which m
eases the pressure i the nght auncle and the night ventricle will lessen the
lume of oxygenated blood which ss shunted from the lefty entricle to the night
.nricle and consequently 1t will reduce the supply of otygen to the body

ROGNOSIS .
The prognosis varies with the size of the aorta, with the size and positon 0
monary artery, and with the siec of the septal defect Unless the aorta 15

e pul



NI TAUSSIG BING MALFORMATION 241

marhedly hypoplaste ac the septal defect 13 50 small hat hitke oxygenated blood
cn reach the zerty, the panent genesally Ines to aduft bfe Nevertheless, the
longconunued pulmonary hypestension {eads to sccondary changes n the
lungs, which pernnt fess blood 1o Row theaugh the pulmonary artery 10 the
fungs, and hence a grester valume of venous blood ts dirccted 1nto the aorta The
condrtion eventually becomes tncompanible with hife

SUMMARY

The anatoutcal Features of this malformanion are a ransposed aosta, 3 fasge
pulmenary artery which anses from the nght venincle and shghtly over vides
the ventneular septom, 3 gh \entricutar septal defect, and nght ventriculas
hypertrophy

The cutstanding chimea) features are cyanosts which dates from burth, polycy
thetnia, and dubbing of the extremunes, combmed wath a heart which 15 not
geeadly ealarged The x ray contaur of the heart 15 symufar to that of an Esen
menger camplea because of the fullness of the pulmonary conus, the increased
hdar shadows, and the fuoroscopsc es1dente of a hnlar dance The electrocardio-
gram shows 2 right axis deviatian and esidence of nght ventriculac hypertrophy
The arggen saturanon of the artenal blood 1s abnormally fow The arculation
e 15 abnormally shert

Cardiac catheterszation shows a Ingh pressure s the nght ventncle and the
axygen cantent of the blood in the ght sentncle s ugher than that wn the nght
auncle It may be possible to cathetesize both the aorta and the pulmonary astery
wathequal ease 5f so the dragnosss ss readuly established by the inding that both
the oxygen content of the blood in the pulmonary artery and the pressure in the
pulmonary artery are as hugh or hugher than those in the aorta
ulinlixodc;r:fegzz:?ﬁ all}l;ml}zlgglnot usyally nc}?cssary for dragnosts, may be of
formation ssmulates that‘l‘llafl: ccu'nc iomcur e o2 Tousg g

plete transposition of the great vessels wath 2
dilated pubmonary artery

The dragnosts s based upon the demonstranon of 2 heart with v contour snd
fuoroscopic Bndings stmlar to thowe of an Essenme '
with abastory of cyanosis which dates from birth Th,
by csrg::xc catheterszaton provided both the 2otz

are catherenized a
hmited ney ergxdz‘sis,i:fr:t:s):: “?ca“"‘d e
gevity 15 the rule

1 the patent 1 extremel

y incapacitated, the conditran may be

by the creation of an auricalar septal defect or by 2 Bagfes opcrafmn ;‘:‘;“““'““d
opera

nger complex i a patient
e dragnosis 1s substannated
and the pulmonary artery
anent s exerase talerance 1s
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condition more compatible with life This combunation of anomalies should be
considered when the physical findings are similar to those in a Tausig Big
malformation but cyanosis 1s minimal

A gross defect 1n the anricular septum 1s also benefictal to the pauent Indeed,
such a defect does what the surgeon attempts to do when he creates an aunadlr
defect (sce below)

Cor pulmonale and primary pulmonary hypertension i older patients may
resemble the Taussig Bing malformation However, a patient with a cor pul
monale or primary pulmonary hypertension does not usually show cyanosts 2
birth Indeed, the dey elopment of cynosis during adolescence or 1 early adult
Irfe 15 charactensstic of 1 cor pulmonale Moreover, the seventy of the dyspneass
out of proportion to the ntensity of the cyanosis Furthermore, the systemic
crrculation tune 1s normat or prolonged in patients with primary pulmonary hy
pertension, whercas m the malformation under discussion the arm to-tongue ¢
culation time 15 abnormally short Either cardiac cathetenization or angiocardt
ography will clearly differentiate the tw o malformations, as the aorta anses from
the left ventricle 1n 1 cor pulmonale 1nd from the nght ventricle in a Taussig
Bing malformation

TREATMENT

Surgery offers some hope to patients with a Taussig Bing malformation The
creation of an auricular septal defect aids m the direction of ovygenated blood
to the systemic circulation, and thereby lessens the incapacty of the patent, but
1t docs nothing to alter the pulmonary hypertension

A Baffes operation® 1s also of real benefit to a patent with a Taussig Bing
malformation, as 1t aids i the direction of ovygenated blood to the aorta and
of venous blood to the pulmonary artery Neither the Baffes operation nor the
creation of n aurtcular septal defect reduces the pressure i the pulmonary 3¢
tery Unfortunately the pulmonary hypertension will eventually cause difficulty

Medical treatment 1s the same as for other cyanotic cluldren Intrasenous
flud should always be given extremely slowly because any procedure which
creases the pressure 1n the nght aurncle and the night ventricle will lessen the
volume of oxygenated blood which 1s shunted from the left ventricle to the night
ventricle and consequently 1t will reduce the supply of oxygen to the body

1 ROGNOSIS ¢
0!
The prognos:s varies with the size of the aorta, with the size and posttion

S
the pulmonary artery, and with the size of the septal defect Unless the aorta ¥



-
3 TAUSSIG BING MALFORMATION 243

per cent The oxygen capacity was 508 volumes per cent The p:cssu:\ca sm 1};& x;g;l:
v atricle was g2/59 mm of mercury and that 1n the pulmonary artery ¥ 57145

of mercu

! 4;,glor{ardmgmpfl; was performed by the techmque customary 1 19417 :1“5
aecesscated twa sujections 1a opder 1o obimp Fims 1 two planes Unfortunately there
‘us 2 mechameal fanture 3t the ume of the second myecan and thercfore a third 10
Jecuon® was given fifteen punutes later Theee aunutes thereafter the chuld sat bolt
upright and the heart stopped Alf efforts at resuscitanon failed

The angiocardiogram showed that the dye entesed the nght auncle and then the
night veatricle, smimediately thereafies the aonta was promptly opacified Litede dye
was seen 3n the pulmonaty astery of the lungs In the final senes of films taken 1n the
lateral ostuen the sorta appeared ta anse frombie antenor partion of the nght ventn
clebuz 42 this senes, oo the dye could not be traced wito the lungs ar to the left side
of the heart (sce Figure vi-6)

Final clinscal diagnasts A transposinon of the great vessels was indicated by the
thysiologcal stucbes and angiocardiograms x ray and fluoroscopic studhes, howerer,
wdicated that the pulmonary artery arose s its normal pasition

Awtopsy No 31079 {performed by Dr Edmund Novak) The chuef iterest cen
tered about the heart Tr wesghed 18 g The nght suncle was not greatly enlarged
"The superior vena cava and the inferior sena cava opened into 1t in the normal fashion
The foramen ovale was completely covered by a vahve but the margin of the vabve
showed a probe patency for a distance of 10 em The tncuspid valve which was
shghily thackened opened sato the nght ventnele That chamber was tremendousty
bypecuophied 15 wall measured 15 cm i thichness The pulmonary artery arose
2pproumately n s normal powtion. The aorta was traasposed, 1t arosc enurely from
the nghe veneacle The aorue onfice lay adjacent to both the pulmonsry enfict and
the ventricalar septum as shown in Figures a1-1 and 2 The aortc valve had three
Cusps and the cosopary artenes were guen off from the aorta 1 the hormal manser
The aorte g d3z5cm \ ¢ The a0n12 and us branches ap-
peared 10 be qormal Fhe mastmium arcumference of the ascending aona was $oem
At the base of the ventmicular seprum the septal sall was defective for a distance of
13 e 28d i this region che septal wall was depressed downward approximately 06
et The supenor pornion of the veatricular septum deviated 10 vhe nght 1o such an
extent that che pulmonary onfice over rode the septal defece by a few muffimerers
From the upper margin of the ventricular septum  close to the defect, 2 muscular oid
extended forward to the outer wall of the nght ventrcle s n:i e

worta from the pu ige separated the
pulmonary arery Con cquently the aorta arose eonrely from the nghe
sentricle and only the pulmonary onfice o, erlay il

the ventricular septum Thus the
.
A warning to bresent repeution of this serous mustale sgienanp 233,
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tions, however, do not relieve the pulmonary hypertension Hence the progaoss
remuns guarded

Hlustrative Case

Caseni-t P'A W (Harriet Lane Home, No A~60186) White female Referred
for diagnosis of her cardiac abnormality 1n 1947, at five and a half years of age.

History Cyanosis was noted at birth and had persisted throughout hfe A murmur
was first heard at three weehs of age Growth and dev clopment were slow She sa
alone at nine months and walhed at two years At three years of age she frequenty
squatted to rest but soon outgrew the habit

Physical exapunanon Temperature 37°C, pulse 120 per minute, respirations
per munute, height 110 cm , weight 156 hg , and blood pressure 100/80 mm  of mer
cury

The chuld was an mtelligent, moderately cyanotic, poorly developed girl who suf
fered from dyspnea at rest There was suffusion of the conjunctivae The lips and
buccal mucous membranes were deeply cyanotic The fingers and the toes were ¢
anotic and clubbed The heart was slightly enlarged The rhythm was regular A
systolic murmur of moderate intensity was audible over the precordium, no thall
could be felt The lungs were clear to percussion and auscultation The hver and spleen
were not palpable The pulse in the femoral artery was of good quality

Laboratory data Red blood cell count g 3 million, hemoglobin 23 5 gm , hematocnt
77 per cent, oxygen saturation of the arterial blood 57 per cent

Teleoroenigenogram The heart was shightly enlarged There was fullness of the
pulmonary conus and the lular marhings were increased (see Figure i-4) Upon
fluoroscopy faint expansile pulsations were visible 1n the hilar shadows Delineation of
the esophagus with a barium-opaque muture showed a left aoruc arch and no ey
dence of left auricular enlargement

Elecirocardiogram This showed a normal sinus mechanism, stnus tachycardia, hgh
P waves 1n Lead 11, nght axis deviation, and evidence of nght ventricular hypemoph)'
(see Figure x1-5)

Chincal 1mpression The chmeal findings were charactenstic of an Elscnmcnglﬂ
complex in that there was cyanosis, clubbing, and polycythemia the heart was sllghll y
enlarged with x ray evidence of fullness of the pulmonary conus and increased hular
shadows, which upon fluoroscopy showed faint expansile pulsations Nevertheless, the
fact that cyanosis dated from birth made us suspect some totally different malforma
uon For this reason special studies were undertahen

Cardiac catheterization revealed an oxygen content of 147 volumes per centin the
nght auricle, 206 volumes per cent 1n the right ventricle, and 25 0 volumes per C’C":C’s‘
ulmonary artery, whereas the o\ygen content 1n the aorta was only 17 4 volu

the p
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pulmonary artery not only received blood from the nght ventncle but akso recened
blood directly from the left ventnicle The pulmonary artery and ns branches et
greatly dilated The pulmonary onfice measured 58 cm 1n arcumference and the
main pulmonary artery above the ring measured 65 cm The left and the nght man
branches were appronimately 3o em i arcumference The pulmonary wall was
thicher than normal, its inuma, however, was smooth The ductus arteriosus was
closed Exammnation of the myocardium showed that the fibers were hypertrophied
but that there were no infarcts and no thrombr The coronary arteries appeared to be
normal ‘The bronchial anteries were not entarged

The lungs were air<ontaiming and showed no evidence of pneumonia or pulmo-
nary snfrcts, all the pulmonary vessels were patent Microscopic examination of the
lungs revealed occasional thrombi, some of which were 1n the process of recanaliza
uon Many of the small pulmonary arterioles showed diffuse, intimal pxohfumcn
which rendered these vesscls extremely narrow The lesion appeared to be sufficient o
account for the increased resistance 0 the pulmonary sascular bed In additson, the
pulmonary alveol showed areas of emphysema and arcas of atelectasis

The liver showed marked congeston 1t weighed 1,916 gm The spleen was e
larged and congested, 1t weighed 140 gm There were many small accessory spleeas
The Lidneys were normal except for congestion each weighed 80 gm The cortex and
medulla were well defined The pelvis and ureters were normal There was diffuse
hemorrhage in the thymus

Final anatonmcal diagnosts Transposition of the aorta Dilatation and shght dis
placement of the pulmonary antery Ventricular septal defect Toramen ovale covered
by a valve, but not completely sealed Dilatation and hypertrophy of the night sentricle
Extreme thichening and intumal proliferation of the pulmonary arterioles and small
pulmonary arteries Occasional recanalization of thrombu 1n the pulmonary artenoles
Splenomegaly Patchy emphysema and atelectasis Acute congestion of the Tungs and
wiscera Diffuse hemorrhage in the thymus

Comment This was the first malformation of s type which the author had
studied Diagnosts was correct 1n that the aorta arose from the nght ventncle and the
pulmonary artery occupied its normal posiion The fact that the pulmonary artery
could be levoposed was not hnown to the author but the possibility should have been
considered, because the oaygen content of the blood 1n the pulmonary artery Wwas
tugher than that 1n the nght ventricle and was also significantly higher than that 18

the aorta
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cle pumped out 30c¢ of blood, part of the blood & ould go ta the Jungs and part
to the lower extremitics Let us suppose that 20 ¢¢ go 10 the lungs and 10 cc. to
the lower extrermues The 20 cc which are directed to the lungs will be returned
to the Ieft auricle and this volume of blood will be pumped out from the Yeft
estncle wta the zorta All the blood 1n the aorta goes to the head and the upper
extremuties This blood w11l be returned to the ight aunicle by the supenior vena
cava In addition, the 10 cc of blood which were pumped from the nght ventn
cle through the ductus arteriosus to the lower estrernties wall be returned to the
nght aunicle by the infertor vena cava “Therefore the nght auricle wil recenc a
toual of 30 cc This amount will pass wnto the nght yentnicle Then the ¢ycle
starts agan The course of the circulation 1s show n 1n Diagram xu-¢

PH1SIOLOGY OF THE MALFORMAYION

1n thus malformation the nght ventncle not only pumps the blood to the
Jungs but also to the trunk and the lower extremiues Consequently the pres-
sure 1n the pulmonary artery 1s the same as that i the lower extremities It fol
lows that the pressure in the lungs 1s unduly hagh Thescefore, although the lungs
secenve venous blood from the right ventricle there 1s marked pulmonary hyper
tenmon Furthermare wmasmuch as the nght ventricle pumps all the blood which
goes to the lungs and also all the blood which goes to the trunk and the lower ex
uemes the ight side of the heart carries a greater oad than the left

CLINICAL FINDINGS

The difference 1 cyanosis between the upper and the lower extremuties 1s the
feature of duagnosuc importance The head and the upper extremutes recenne
oxygenated blood and therefore ace not cyanotic, whereas the lower extremiues
recene venous blood which 1s ordinanily destined to go to the Iun gs for oxygena
uan 2nd thesefore are cyanotic The hne of demarcation of the csanoys hes at
the brim of the pelvis, as 1t does 1 cases of complete transposition of the great
vessels and not hagh up on the shoulders, as 1n cases of pulmonary hypertension
with persistent patency of the ductus artertosus In the malformation under dis-
cussion the Jeft subclavian artery usually anses from che ascending aorta and
carries fully oxygenated blood Inasmuch as there 15
the ssthmus of the aorta, no blood from the Ppulmonary arte,
clavian artery, hence the ol 1 e the subs

R €yanosss appears at a low level If, h
subclavian artery anses from th e the It
Y anses trom the descending aorta, the kne f d
cyanasis will be bigh up across the shoulders (see €] i S ol the
see Chapter xviy, Section B)

a complete wterniption of
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mation, the blood from the left ventricle 15 directed by way of the aorta to the
head and the upper extremitics and the blood from the nghtventricle 1s pumped
mto the pulmonary artcry nd through the ductus arteriosus 1nto the descending
rortr The condition 15 reachly compatble with fetal ifc and places no strain on
the fetat arculation (sec Fagure xi-2)

After birth, however, the situation 1s quite different The blood from the left
ventracle 1s pumped out by way of the aorta to the head and the upper extrem
ties and 15 returned by the superior vena cava to the right aunicle and to the nght
ventricle, thence 1t 1s pumped 1nto the pulmonary artery Part of the blood from
the pulmonary artery passes into the fungs and part through the ductus arteno-
sus to the descending aorta and the lower extrenuties The blood from the lungs
1s returned to the left wrncle wd the left ventricle, the blood from the lower ex
tremuties 1s returned by way of the nfertor vena cava to the right auricle

Consequently, with each cardiac cycle, the nght side of the heart recenves a
greater volume of blood than docs the left side For example, if the night ventn

toad and
P ] 130 and
pere tremtcy

Venosus

Trunk and

Figurs an-2  Fetal arculation (A) Complete interruption of the 1sthmus
of the aorta and a persistent ostium atrioventriculare commune
and (B) normal heart
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cle pumped aut 30 cc of blaod, part of the blood would go to the hmgj3 and part
1o she lower extremuties Let us suppose that 20 ¢¢. go o the Jungs and 10 ¢c t@
the lower extremuttes The 20 c¢ whichare disected to the fungs s dl be returned
1o the left auricle and ghus volume of blood will be pumped out from the feft
sentrcle sntothe aorta All the bload i the aorta goes tothe head and the upper
extremres “Ths Bload will be rerurned v the nght auncle by the superior vena
cava 1n addinon, the 1o t¢ of blood which were pumped fram the nght seatn
dle through the ductus anerosus to the [owes estremtes will be returaed o the
nght auncle by the mfeaor vena cava Therefore the nght auncle will recenc a
total of 30 cc. Tins amount will pass mta the nght v wtncle Then the cycle
starts agan ‘The course of the crculation 15 shown in Daagram xu-1

PHISIOLOGY OF THE MALFORMATION

In thus matformation the nghs ventricle not enly pumps the blood to the
Tungs but also to the rrunk and the lower extrenties Consequently the pres
sure 1n the pulmonary astery 1s the same as that i the lower extremities It fol
lows that the pressure in the fungs ss unduly hegh Therefore, although the lungs
receive senous blood from the nght ventricle, there 1s marhed pulmonary hyper
tension Furihermore wasmuch as the right sentricle pumps all the blood whach
goestothe lungs and also all the blood which goes 1o the trunk, and the Jower ex
tremities, the nght side of the beart carnes a greater load than the left

CLINICAL FINDINGS

The defference i cyanosis between the upper and the lower eatrennpies s the
fearre of dragnosuc impoertance The head and the UPper extremities recesse
osygenated blood and therefare are not cy1notie, whereas the lower extremutics
recene venoys blaod which 15 ordinanily destined to go to the tungs for oxygena
tion and therefore are cyanotc The lme of demascanon of the & nosy s ot
the brum of the peluss, as 1t does i cases of complete trasposstion of the grext
vessels, and not hagh up on the shautders, as in cases of pulmonary hypertension
with peraistent patency of the ductus asteniosus In the malformanon under dgs
cussion the left subclavian urtery wsually anses from 1he ascending aorta and
carnes fully oxygenated Blond Toaseuch as there 15 2 complete mtermption of
the 1sthimus of the aorta no bood from the pulimonary artery can enter thy
clavian artery hence the ¢ e

yanosts appears at x low level If howe
ver the left
subclavsan artery anses frarm the descanding sorta,

the hine of dem:
cyanasis will be high up acrass the sholders {sce areanon of the

Chapter v, Section 1)
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DiacRaM rn~T
Ab<ence of the aortic arch (complete nterrupion of
shersthmus of the aorta) and a persisient astisif
amioventnculare commune The descending
dortars continnotis with the pulmonary
artery through the ductus astesiasus

The estential feature of thus matformauon 1s the complete intertuption of the 1sthmus
of the z0ita The descending aorta 1s continuons with the pulmonary artery through
the ductus anenosus T Sollows that the pressure i the pulmonary anery s the same
a5 that 1n the descending aorta Consequently there 15 marhed pulmonary hypesten
K00
Tt may be that a persistent osuum atnosentnculare commuae ar 2 ventneufar sep-
tal defect 1s also an sutegral part of thus malformauon The sigmficant changes in o
culation howeser, depend primanty upon the complese yesrupuon of the wihous of
the aorta
The blood from the nght ausicle flows ito the nght ventricle and 15 pumped out

theough the pulmonary artery to the Jungs and through the ductus arteniosus into the
descending aona The blood from the lungs 15 rewrned to the left aundle and thence
w0 the left senveicle and 15 pumped out through the aorta to the head and the upper
exermes The blood from the head and the uppes estremuues 15 returned by the
superior vena cava to the night auticle and the blood from the trunk and the lower
extremuties 1 returned by the infenior vena cava to the nght auncle Therefore, with
each cardtac cycle the nght auncle receves ail the blood wihuch was pumped out from
the left ventricle to the head and the upper eatremsties and also that part of the blood
from the nghe ventricle which was pumped from the pulmonary anery through the
ductus arteriasus to the trunk and the fower extremties The left auncle recenves only
that part of the blood from the night s entrscle which was directed through the pulmo-
nary artery to the lungs Therefore the pressure in the nght auncle 1s greater than the
pressure 3n the Jeft auricle Some of the blood flows from the nght auncle mmto the Jefe
auncle and some of the blood flows from the tight ventricle into the aorta If the pres
sure on rhe left side of the heart rises the direction of the shunt will be seversed The
awculauon of the blood withir the heart 15 simufar to that in a persistent ostium
anoventnculare commune eacept that the pressure tends 1o reman fugher 1n the
nght sude of the heart as more blood 15 aly ays retusned to the nght auncle than 1o
the left auncle

b:ufi::il::rgmm gi:; n;ost important diagnostic clue 25 the difference 1n cyanosis
ated blood ﬁmi:‘?:;cﬂlzﬁ y ;c D;\ ;;: c;u:mmcx “The upper extremitics receive oxygen
blaod from the nghy sxd: of v?nc h:ar:a;t Whtrc;ls the lower extremuties receive veagus
the p monasy ai y Theretore o lecausc the descending aota 1s continuoug with
“Pper cnsemiics wil shows o e low ;jr] extrenuties will be cyanoti  wheregs the

v be an sntegal po 0 cyanosis The occurrence of a septal defect may of may

pare of the malformavon A murmur and 2 thal of o
strongfy suggestive of some additonal defect present are
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If the malformation ts combined with a persistent ostrum atnioventnculare
commune, the difference in the intensity of the cyanosis between the upper and
the lower extrenuties my be slight and will call for careful observanon Itis
always best appreciated by placing the patient’s hand beside his foor If the face
and hands are of normal hue, the cyanosts of the feet may be overloohed Fur
thermore, if noted, 1t 15 likely to be attributed to cold or toa sluggish circulation
The fact that the feet remaim cyanotic when warm offers the clue to the correa
diagnoss

The pulse 15 of good quality and of equal strength 1n the arm and the leg In
contrast to coarctation of the aorta, this anomaly causes no obstruction to the
flow of blood to the lower extremities The pulse 1 the lower extremstics 15
normal

CARDIAC FINDINGS

The heart 1s shghtly to moderately enlarged The enlargement affects the
nght side, 1t 1s due to the mcreased volume of blood which 1s returned to the
nght auncle and the nght ventricle If the enlargement of the nght ventncless
sufficiently great so that the night ventncle presses agamst the ntessor chest
wall, there will be left sided chest deformuty

Murmurs may or may not be present

\ RAY AND FLUOROSCOPIC EINDINGS

The heart1s enlarged to the nght and to the left Owing to the normal post
tion of the pulmonary artery, the shadow at the base of the heart to the left of
the sternum will be of normal contour Indeed, the pulmonary conus may be
abnormally full

In the left anterior oblique position the enlargement of the nght yentricle
will be demonstrated by the projection of the anterior border of the carduac
silhouette toward the anterior chest wall The left ventncle will be seen to be
small, 1t wall require but little rotation of the patient for the left ventricle 0 clear
the spinal column

ELECTROCARDIOGRAPHIC FINDINGS
al
The standard leads show a right axis deviation and the unipolar precord
leads show evidence of nght ventricular hypertrophy

DIAGNOSIS

The diagnosts 15 based upon the distribution of the cyanosis The head and
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the upper cxtremities are of normal color, whereas the lower extremities are
cyanonc because the descending aorta receives 3is Blaod from the pulmonary ar
rery through the ductus artenosus

DIFFERENTIAL DIAGNOSIS

The common ersor 1 the farlure to appreciate the significance of the cyanosts
of fhe feet 1F the head and the upper extremties are of good color, ordmanty
hitde consideranon 35 given fo the circulation 1o the lower extremties Conse
quently the possibihity of this abnormaly 1s missed Eaen if cyanosis 15 noted,
s sigmficance 1s often not appreciated

TREATMENT

Tiis abnormahty could be corrected by the msestion of a graft bewween the

ascending aorta and the descending aorty combined with the dnasion of the
ductus artenosus

PROGNOsES

The prognosss 1 usually poor If the conditon should oceur as an wolated
anomaly saccessful surgery wonld restore the arculation to normal Usually,
howerer the prognesss 1s determined by the associated anomaly, which may or
may not be amenable to surgery

SUMMARY

The charactenstic feature of a complete mterruption of the wsthimus of the
aorta, n whach the descending sorta becomes contnuous with the pulmanar
antery through the ductus arteriosus 15 that the eyanasts is confined to the low !
extremities The pulse in both the upper and the Yaw es extremunes 15 stron U'I"lcr
wereased vobume of blaod which 1s pumped through 1he night aurch gd tlm
nght entricle produces enlargement of the nght side of the heast, thy ;o
may fead to Jeft sided chest deformuty P,

‘Ths malformation, if not
s assoaated wath gther an
by sy omalses, eould be carrected

Referenices
1 Abbotr M E  Tersonal communication
2 Congdon E D Trapsformation of
the aortic arch
o arch system gy
he human embryo  Comnb Embryol 14 47110 1922 \r(rmg the desclopmen of
satn g ashington Carnegre In



CHAPTER XIII

DEFECTIVE DEVELOPMENT OF THE
LEFT SIDE OF THE HEART

:TRESIA or marhed hypoplasia of the aortic onfice 15 always assocnated

with hypoplasia of the ascending aorta and also with defective deselop-

ment of the left ventricle In 2ddition there may or may not be atresn

of the mutral valve These condittons are discussed 1n Section A Section B pre

sents an entirely different defect of the left ventricle, namely, a divesticulum of
the left ventricle

A dornic Atiesia or Marked Hypoplasia of the Ao tic Orsfice
Combined wnth Hypoplasia of the Ascending Aorta

This malformation 15 1n a sense the counterpart of tricuspid atresia and 2
non funcuoning night ventricle Atresia or marked hypoplasia of the tricuspid
valve 1s always associated with defectn e development of the right sentricle, the
atresia of the pulmonary onfice 1s secondary to the failure of the nght ventricle
to function The aortic atresia and the marked hypoplasta of the ascending aorta
are, howeser, the primary features of the malformation under discussion and the
underdevelopment of the left ventricle and the mutral atresia are usually second
ary to the abnormality of the aorta Thus 1n the former the primary abnormaltty
concerns the tricuspid valve, which directs the blood to the night ventrcle,
whereas 1n the latter maiformation the primary difficulty 1s the egress of blood
from the left ventricle

NATURE OF THE MALFORMATION

The essential feature of this malformation 1s the atresia of the aortic vahies
or the marhed hypoplasia of the aortic orifice combned with hypoplasia of the
aorta up to the pomt of entrance of the ductus arterosus Whether the aortic
orifice 15 atretic or markedly hypoplastic, the underdeselopment of the zorta 15
always assocrated with an imperfect development of the left ventricle, esther the
left ventricle 1s absent or 1t 1s a thin walled, poorly developed chamber

“The absence or marhed hypoplasia of the left ventrcle m turn affects the
egress of blood from the left auricle When there 15 no left ventricle, the mtral
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salve 15 always atretic and there 35 alsa & grogs defect the aurscular septum
When the 20rta 1s marhedly hypoplastic and the left ventnicle 1s 2 refatnely tha
watled chamber, it 15 also common to find a small defect 1n the wnular septum
o exthee case the main Row of Blood to the systetug cureulation is from the lefe
aundle to the right auctcle and thence to the night ventracle, from there the blood
1s pumped into the pulmonary astery and shrough the ductus artenosus to the
aorta ‘The aorta, beyond the enwrance of the ductus artenosus, 1s usually of nar
mal cabber The orta, proumal to the entrance of the ductus arteniosus, always
perststs as a dipunutive tube, apd it 15 from the base of the aerta that die coro-
nary axtenies ongnate In cases of aortic atresia, the coronary arterics, and ndeed
the head and the upper estremites, recenne their nutrstion from the back flow
of bivod fom the ductus anenosus 1o the base of the 2orta When the sorta per
sists as a dirmunutise tube, the coronary arteries recere thest supply of blood
from the diminutne aorea 1 the normal manner Nevertheless, thus malforma
uon always causes real difficulty 1n the expulsion of blood from the left ventn
de the matn supply of blood to the systemic crculation 15 from the pulmonary
wtery through the ductus artenosus Figuse xu-1 lustrates a ease of aotue
atresa maal atresa and absence of the lefuventnele Fagure on-2 allustrates a
case of marked hypoplasia of the aorta with a relatnvely thin walled Yeft ventn
dle the zorta beyond the entrance of the ductus anenosus 1s of normal caliber

Atesia of the aorte onfice and marked hypoplasia of the ascending aorta
are alsways extremely serious Fortunately, although anatormeally fanuliar, these
condihons are dmxc:dly rare

The ranty of this malformation 15 1n all probability due to the functsonal im
portance of the left ventncle during fetal hfe An embryo 1n which the left ven
wicle and aorta fasd to develop can seman viable only sf the function of the left
ventnicle s taken oser by the night It s probable that in many nstances the fetus
dies at an eatly age In most tstances the malformauon 15 compatdle with ex
2 utermne ife only for a shart tme

whmed with hypoplasia of the nsccndmg aorta than

when the aortic onfise 15 atrenc Indeed, when the Jeft » entricle 55 defective, the
eondition merges ito that of pulmonary hypentension with persistent at::
of the ductus arteriosus sccondary to a severe left sided cardiac lesion pln th
older age group the $igns and symptoms are primarnly due to the pulmonary ;
pertension and the reversal of the flow of hlood through the ducn o

(see Chapter xvirr, Section ) s srenons

ncy



CHAPTER XIH

DEFECIIVE DEVELOPMENT OF THE
LEFT SIDE OF THE HEART

STRESIA or marhed hypoplasia of the aortic onifice 15 always assocsated

with hypoplasta of the ascending aorta and also with defectuve develop-

ment of the left ventricle In addition there may or may not be atresa

of the mutral valve These conditions are discussed 1n Section A Section & prc

sents an entirely different defect of the left ventricle, namely, a diverticutum of
the left ventricle

A dortc Avesia or May ked Hypoplasia of the Aor e Orifice
Combined wnth Hypoplasia of the Ascending Aorta

This malformation 1s 1n a sense the counterpart of tricusprd atresia and 2
non functiomng nght ventricle Atresia or marhed hypoplasia of the tricuspd
valve s always associated with defective development of the nght ventncle, the
atresta of the pulmonary onfice 1s secondary to the fatlure of the nght ventrcle
to function The aortic atresia and the marked hypoplasia of the ascending aorta
are, however, the primary features of the malformation under discussion and the
undesdevelopment of the left ventricle and the mutral atresia are usually second
ary to the abnormality of the aorta "Thus in the former the primary abnormality
concerns the tricuspid valve, which directs the blood to the nght ventricle,
whereas 1n the latter malformation the pnmary difficulty 1s the egress of blood
from the left ventricle

NATURE OF THE MALFORMATION

The essentsal feature of this malformation 1s the atresia of the aortic valves
or the marked hypoplasia of the aortic onfice combined with hypoplasia of the
aorta up to the pont of entrance of the ductus arteriosus Whether the aortic
onfice 1s atretic or marhedly hypoplastic, the underdevelopment of the aorta 18
always assoctated with an imperfect development of the left ventricle, esther the
left ventricle 1s absent or 1t 15 a thin walled, poorly developed chamber

"The absence or marhed hypoplasia of the left ventricle in turn affects the
egress of blood from the left auricle When there 15 no left ventricle, the mutral

B

i
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Frouws, am-2  Eatreme aortu stenosis and bypoplasisof theascending
ao1ta with underdes elopmeat of thelefty entncle, a high semmentar
sepeal defect, and a gross defect 1n the aunculiar septom

COURSE OF THE CIRCULATION

Dyring fetal Iife a considesable portion of the blood which enters the night
aunde normally Rows through the foramen evale 1o the left aundle and whente
to the left ventricle “This blood 1s pumped through the aorta to the body of the
ferus In caves of aome atressa and a non funcuomng Yeft ventnde, of the fepuy
15to remain alive, the work of the Teft ventricle must be taben over by the nght
sentricle Under such crrcumstances afl the blood froms the night auncle flows
1nta the nght ventncle and as pumped out into the pulmonary artery The major
pact of the blood which enters the pulmonary artery passes 12 the nogmal man
oer by way of the ductus antessosus to the body of the fetus The volume of blood
which 15 puraped through the ductus astertosus 13, however far greater than
norma) Virtually the entire work of the heart s perfosmed by the right sentn
dle For thns reason duning mitea utesme life the nght yeatucle undergoes grear
bypertrophy Indeed this is one of the few malformattons 1n whuch the wfant s
born with enarmous right sided cardiac eplargement Frgure xin~3 shows the
feral arenlatean 1 aortic atresia and Figure <umg shows the fetal crculation 1n
defectsse deseloprnent of the Jefe ventricle aad marhed h ypoplasia of the ascend

ing aarta

At birth 1th the expansion of the Jungs there 15 an abrupt fall 1 the pul



SPECIFIC MALFORMATIONS

L.Carotid A \L‘Subcl A,
Innominate A 4

>

Asc. Acrta <

_/\\ Descending
A 75— Aorta

Ascending Aorta

b POSTERIOR VIEW
RS,
Desacending, |)/\.,\‘JLB e gn Coronary A
Aorta /i w‘y@;\ / ////;%——Supv Cava
"
Ductus ArteriosustS, 2 100t ’(\‘ = ’/.C/?_\__\YR Auricle
E %, M Pul Vews
R o
L Pulmonary A Ny
Pulmonary A =
L Coronary A ____‘f;;,f:g\é_
Atresia of Aorta

(’_In{ V Cava

L. Auricle

Foramen Ovale

Coronary Sinus
Ripht Ventricle

Atresia of
Mitral Valve
(No Left Ventricle) {1

Tricuspd Valve

¢ DETAIL POSTERIOR VIEW
FiourE am-1

Aortie atresia and marhed hy poplasia of the ascending
aorta, mitral atresta and absence of the left ventricle
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Frcure -y Fealonculavon {(A) Exureme soruc stenasis mathed
hypoplasia of the ascending aorta an underdes cloped left ventnicle,
and auricular and ventneular septal defects and {B) normal heart

non functioning, the blood cannot feave the left auncle 1n the normal manner
Al the blood from the left auncle must escape through a defect in the auncular
scptum to the nght auncle

Thus the oxygenated blaod which 1s returned from the lungs to the left aun
cle encounters difficulty 1n reaching the systemic arcutation In the majonty of
other malformations cyanosis 15 due ta the shunting of venous blood nta the
systeric errcutation and thereby the oxygenated blood 15 diduted with venous
blood In the malformation under discussion the bedy is prumanly supphed wath
senous blood Furthermore, 1t 1s dafficult for the oxygenated blood 10 reach the
systemic curculation The course of the csculation 15 shown 1 Duagram xue1
Diagram xwir-2 shows the course of the crculabion m a case of marhed hypo-
plasta of the ascending aorts and defective development of the left ventricle

PHYSIOLOGY OF THYL. MALFORMATION
The nght ventrcle

the systerme circut by pumping the blood
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Trunk and
lower e trem ! s

Trerk 1
lower extrem 4 &3

Tocenta

Ficure \n1-3  Fetalarculaton (A) Aortic atresia, mutral atresia,
anon functioning left ventricle, and an auncular septal defect and
(B) normal heart

monary pressure and consequently the blood in the pulmonary artery 15 durected
to the lungs The sudden drversion of the blood to the lungs causes a cessation
of the flow of blood through the ductus artertosus to the aorta The consequence
15 that the systemic circulation, which has recewved ats blood supply through this
channel, 1s momentanly deprived of blood Not until the pressure 1n the pulmo-
nary arculation becomes greater than that in the systemic arrculation will the
blood again flow through the ductus arteniosus to the aorta Then, and then onl),
will the systemic circulation be reestablished Moreover, upon the restoration of
the arrculation, the blood flows from the pulmonary artery to the aort2, the body

d with venous blood which 15 ordinanily destined to go to the lungs for

15 supplie
PP urned by

oxygenation The blood which goes to the systemic circulation 15 ret
way of the superior and mferior venae cavae to the night auricle and thence 1t
again passes to the systemic arculation The blood from the lungs 1s returned by
way of the pulmonary veins to the left auricle If the left ventnicle 1s absent of
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DIAGRAM \IIL-Y

Sortic atresia and marked hypoplasia of the ascending
aorta combined with a patens dutcius arteriosus
misral atressa o now Junctiomag lefs ventnicle

and an aurscular septal defect

The essential feature 1n this matformation 1s the atresia of the sorta at its base. The
lekt ventricle does not funcuon The left ventadle 1s euther enurely absent or repre
sented by 2 dumunutive chamber filed with ablood clot. The muteal valve 1s completely
atretic or markedly hypoplasuc I addiion there 1s always a defect 1 the auncular
septum and the ductus arteriosus 15 patent. The blood supply to the systemic cireula
tion 15 from the pubmonary astery through the ductus arteniosus ‘The coronary anenes
anse from the base of the aorta 1 the normal fashsan but recesse no blood from the
left venncle “The blood supply 1o the myocardium 15 from the back flow of blood
from the wansverse arch of the aorta

The blood from the nght auncle passes 1nto the nght ventncle and 15 pumped out
by way of the pulmonary artery to the lungs and through the ductus ancenosus to the
systernse cureutation. The blaod from the hungs 1s returned to the left auncle. Inasmuch
as there 15 an atresia of the mutral valve and the left ventricle does not funcuon, the
only way for the blood to escape from the left aurnicle 1s through the defect 1n the aune
ular septum to the nght auncle Thence 1t passes to the nght ventncle and 15 pumped
out into the pulmonary artery Inasmuch as no blood 1s pumped from the left ventricle
1nto the aorta, the pressure i the systemuc arculation 1s Jow and blood flows from the
pulmonary artery through the ductus artenosus 1nto the aorta "Thus ts the only way for
the blood to reach the systemuc circulation The coronary arteries anse from the base
of the 2orta and are fed by the blood which flows back from the ductus artenosus to
the ascending aorta and down o the base of the aona The greater the volume of blood
which reaches the lungs for oxygenauon the greater 1s the depnivation of the systemic
arculauon At best the systermic arculation 15 supplied with a muxture of venous and
Zr:::tlh i)lso:ti from Lhc‘nght ventricle. The areulation 15 very efficieat. The blood
ot sl s by et
pumps the blood not onlygto the lun asnbu[:) al . ngl;‘mmdL The oght veotade
there 1s always severe pulmonary hypcicnsmn :r::: hy © ysemic eradauon Heace
dle results t hypertrophy of the nght ventn

The blood 1n both the nght auncle and the nghy
it
ot blaod retaned from the systemc C“ml“mgn ventricle 1s 2 mixture of the ve

and of the
turned from the lungs With the complee expansion of the luzg;g;l: ‘;)do:c‘lof: ‘;:
c
Qm‘l\mgs and although a greater yolume of blood 1s
1 directed away from cthe systemue arculation
1y erculation eaceeds that in the systemic aarculation

returned to the left aundle, the bl
unti the pressure 1n the pulmona;



nous and artersal blvod
15 visible
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from the pulmonary artery through the ductas agtersoss 10 the aorta Conse
quently the pressure 1n the pulmonary asesy s dte sarmic as that 1 the systernc
aralanon Hence there 15 ahways palmonasy bypertension The only bleod
whach the body cver recenesss the blood which 15 pumped from the pulmonary
artery through the ductus artersosus to the aor It 15, however, important to re
member that the blood 1 the pulmonary artery contans the oxygenated blood
\which has been retusned by the pulmenary vans to the left aurtele and shunted
through the auncaar defeck to the ught anade, where it mixes with the venous
blood rewsmed by the supenor and ifersor venae cavae This muxture of arterial
and v enous blood flows into the nght ventncle and s pumged aut mto the pul
monary attery and through the ductus titeriosus to the systermic arculahon In
the ahsence of an aunoslar defect, great difficufty 15 encountered in the expul
sion of blood frata the Jeft auncle The increased pressure 1 the left auncle 1n

creases the resistance 10 the Jungs and increases still further the work required of
the nght sentnicle

CLINICAL FINDINGS

Cyanosis 15 dlway ¢ sntense The baby 1s blue at buth I contrast to almost alt
otfier malformauons the first beeaths of hfe do nothing to rehete the cyanosts
Indeed the establishment of resprranon durccts the blood to the lungs and away
fram the systemie circulanon The only blood which the systemic arculation
ever secenves 15 the blood from the pulronary artery whach 1s ordinanly destined
to go to the lungs for oxygenayon Moreover the oxygenated blood which 1
returned from the Jung« to the Ieft auncle encounters dfficulty 1n seaching the
body Inasmuch as the aornc onfice is atretrc and the entire systerare crreulation
is maintained through the ductus artesosus, eyanosss 15 of unsform distrsbutson

Dyspneasssevere

The pulse 15 50 weal. that 1t 35 freque
ot 1;, o ;u ntly impalpable When palpable, st 15 of

The dlood pressure sslow

Engorgement of the liver and edema ocour early

CARDIAC FINDINGS

p)ai':xt :A‘:‘r:rl 15 cm;rmous]v enlarged to the nght and 1o the left Indeed hypo-
ot the ascending aorea combuted with def, ’
ective developm
: :‘r;mdz s virtally the only malformation which causes the iia:lt:fcthc -
arged at birth Frgure s shows the size of the heatt 1 ap infan i’::’l]y)'
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Cyanosis 1s mtense The condition 1s rarely compatible with hfe for more than a few
days

Clinteal diagnosis 1s based upon the carly occurrence of mtense cyanoss, weadk
pulscs, great cardiac enlargement wath forceful heart sounds, and night sided cardizc
failure \ ray or fluoroscopic examination shows that the enlargement 1s pnmanly due
to the enlargement of the nght ventricie In the anterior posterior posion there 1s
great enlargement of the pulmonary conus and i the left anterior-oblique position the
right ventricle may be seen to extend to the antertor chest wall The condition of the
infant remamns cntscal throughout its briek lfe Death usually occurs within the fint
weehs of life
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DiacRAM \IfI-2

Extreme aarisc stenosts and marked by poplasiaof ihe
ascending aorta combined with an underdeveloped
left ventrule @ puent ductus arteriosus and
aurrcadar and ventricudar septal defects

This malformation ¢losely resembles that of aoruc atresta The aorta, how ever, remasns
25 2 dimisuane tube which may antse from the thin walled Jeft ventricle or may over
e both ventrt les In ane eveat the main curculauon 1o the bodv 15 by way of the
nght side of the heart the systemuc airculation recenses its blood from the pulmonary
anery through the ductus artenosus Consequently the systolic pressure 1n the nght
venncle must b equal to the systenuc pressure Hence there 1s a marked pulmonary
hypestension

The blood from the nght aurcle flows 1nto the nght ventnicle By far the greater
part of the blood 15 pumped out 1to the pulmonary astery, thence the blood flaws 10
the lungs and through the ductus artenosus to the systemic orculauon The blood
from the Tungs 15 returned 1n the normal fashion by the pulmonasy veins to the left
auncle A small portion of the blood flows from the left auncle into the left ventricle
and 15 pumped out through the stenosed aortic onfice 1nto the diminuuve aorta The
grearer part of the blood from the left auncle flows through the defect sn the auncular
septum to the nght auncle, where it mixes with the blood which 15 returned by the
superior and infenor venae cavae o the nght auncle Vartually alf the blood from the
nght auncle flows 1ato the nght ventridle and 15 pumped out mto the pubmonary ar
tery When the diminnnve 20rta over ndes the vepuricular seprum, a small \olux?nc of
blood from the nght vemncle can be pumped directly 1nto the aorta, nevertheless the
2om :; so small that the systenuc circulauon recerves but a nummal’amount of blood
::;:a m‘i‘:::::;:; ;;:;‘Jo T::dwmuary artertes, howeser, anse from the base of the

m and r

whith 15 pumped into the dmnnut;c:c:;z::}:dc::; l?:;fmm the small volume of blood

. Cim:;;l d;;gnnm The chmcal findings are essenually the same as these of aoruc

; :{s"x‘Cd ; “;; csam {“‘h born \‘mh great nght sided cardiac enlargement the x ray shows
s of the pulmonary conus, cyanosss 1s 1t

casly the condinon 13 compavble with hf:, for only 2 fc\lv ;a‘;t Corde falurs occurs
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j
‘\"' ‘%‘ l’ 1L T A Fioure a6 Defectine desclopment of

¢ o1 omoar An af theleft \entrcle and hypoplasia of the as

cending aorta (same pauent as i Figure
bt
VR MW Vet

ati—g) Infant

ular septum 15 small, there may be enlargement of the left auncle “The duration
of Iifc 15 usually too short to permat great enfargeraent of the left auncle The
baby 15 often too feeble to swallow barium and consequently na evidence can be
obtatned concerning the size of the lefr auncle

ELECTROCARDIOGRAPHIC FINDINGS

The standard leads show a right axis deviation and the umpolar leads show
evidence of marked right ventncular hypertrophy The T waves may be of fow
amphtude (sce Figure xur-6)

SPECIAL TESTS

The condition of the infant 15 generally too critical to permit more than a
brief examnation

Carduc catheterization would reveal a left tonght shunt at the auncular
level and systemuc pressure i both the night sentricle and the pulmonary artery
Tt would probably be passible to catheterze the descending aorta through the
ductus artertosus

Angiocardiography would seveal smultaneous opacification of the descend
ing Aorta and the pulmonary artery

DIAGNOSIS

The diagnos:s 1s based upon the findings of mtense cyanosts, enormous 1 ght
sided cardrac enlargement which dates from barth, the forcefulness of the heart
sf:;llnds and the weakness of the pulses, and early signs of nght sided cardiac

ure
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Ficure \mi-5  Defecuve development of the feft ventricle and hypoplasia
of the ascending aorta (same patient as in Figure \i-6) Infant
twenty four hours of age

four hours old In this tnstance the enormous size of the cardrac shadow, de
tected when the infant was twelve hours of age, had raised the question of 2
mediastmal tumor Te heart sounds are forceful Murnmus may or may not b
present Cardiac failu e occurs early and wathin the first two or three days of bfe
the Iiver becomes engorged and extends to the umbilicus

X RAY AND FLUORQSCOPIC FINDINGS

Fluoroscopic examnation shows great enlargement of the nght auncle, of
the nght ventricle, and of the pulmonary conus In addition, the superor vem
cava 1s often dilated, consequently the shadow at the base of the heart 15 abnot
mally wide Upon rotation of the infant s head to the left, the pulmonary artery
can be visualized 10 1ts normal position The Jungs remam relatnely clear be
cause the pulmonary vascular bed opens up slowly The heart may be so enof
mous that only 1n the left antertor oblique posttion 15 1t possible to ascertain that
the mereased size of the heart 1s prumarily due to great enfargement of the nght
ventricle In this position the antertor border of the cardrac sithouette extends 1©
the anterior chest wall Exammation i the night antenor-oblique position ¢
veals little The cardiac shadow appears to fill the entire chest

“The size of the left auricle depends upon the size of the aurtcular defect if

there 1s muteal atresiz 1n addition to the aortic atresia, and the defect i the aunc



X1l DEFECTIVE DEVELOPMENT OF LEFT SIOE QaF HEART 269

and a foramen ovale g«ardrd by a cdlee may cause carly signs ail d:;ucss £:
barth, how e er, the heart 15 norsaal 1 stze, the enlargement 15 barely deteetal
sof age
* n;:li?zmry ﬁypmemwn with reversal of the flow of Hood thraugh the duc
fus artersosns, when caused by a severe Jefr sided cardiac lesion, may be due o
defectrye desclopment of the left ventricle and marhed hypoplasia of the ascend
g aorta I the conditson 1 not extreme and the left yentncle supphes the blood
to the hoad and the upper extrermues, the chmeal sy ndsome 38 that of pulmanaty
bypertension anda reversed ductus, s swhich the tsunh and the Jower exuremt
ties are more cyanotc than the head and the upper cxtrenunes (sce Chapter
wvut, Section 3) When there 15 atresia of the aotte onfice, the entire curculation
s mamtaned by the nght ventnicle The waork of the night ventncle 15 greatly
mcreased and the heart 15 greatly enlarged, cyanosis s intense and of uniform
distnbution
Truncus artertosus may be confused wath aortic atresia, especiaily when the
circulation to the lungs 1s by way of the bronchial artenies Under such arcum
stances cyanosis appears eacly and 1s associated wath great cardiac enlargement
The contour of the heart, howeser, ss dfferent In a truncus artersosus, the
shadow at the base of the heart 10 the left of the sternum 15 concave, whereas i
aortic atresta the pulmonary conus 15 abnormally prominent Furthermore, in
the nght antenorobhique posiion the sharp angulauon of the nght ventricle
from the aorta to the antertor chest walf 15 seen only 1n a trunicus astertosus {see
Chapier x1v) - the exaggeration of the pulmonary conus @ an aosic atresia
causes a duffuse bulge along the antenor masgn of the carduac sithouene

TREATMENT

There 15 no effecuve treatment An aortic atresia and a

ked
of the ascending aorta, marked hypoplasia

combuned with a poorly developed left ventrcle, consty
tute such a severe abnormality that surgieal cotrection 1s smpossible
PROGNOSIS
The pragnosts 15 hopel
peless The condition of the infant remas
s prec;
throughout 1s brief e Cardiac fail B

ure occurs early The malfe
ally compatible with kife for only a few days ! e

SUMMARY

Th
¢ outstanding features of aortic atreya are intense cyanosis, great cardiac
argem .
Bement and the easly onset of cardsac fayce The heart sounds are force

enl
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The fluorascopic findings give the clue to the diagnosis The tremendous sue
of the nght ventnicle indicates that the night, not the left ventnicle, 15 the cham
ber of functional importance in the maintenance of the systemic carculation The
enlargement of the pulmonary conus shows that the pulmonary astery 1s gnes
off the nght ventricle in the normal fashion These tw o findings together indicate
that the blood from the right ventricle 1s pumped through the pulmonary artery
to the systemuc arculation It follows that the ductus artertosus must be widdy
patent and of functional importance 1n the direction of the blood from the pul
monary artery to the aorta In order for the blood to flow from the pulmonary
artery through the ductus arteriosus to the aorta, the pressure 1 the systemic
arculanon must be lower than that in the pulmonary arculation Therefore the
flow of blood from the left ventricle into the aorta must be meager From these
facts 1t 15 deduced that the primary malformation s an aortic atresia or marhed
hypoplasia of the aortic onfice combned with hypoplasia of the ascending aorta

Inasmuch as this malformation 1s always associated with underdes clopment
of the left ventricle, the blood cannot leave the left auricle 1n the normal man
ner Consequently there must be some defect 1n the aurscular septum The chm
cal mamifestations of the auncular septal defect vary according to 1ts size and
may be difficult to determme If the defect 15 large, the thin walled, readdly dis-
tensible nght auricle bears the brunt of the increased auncular pressure Thiy
too, can be detected upon fluoroscopy by the distention of the superior vena ca
If the defect 1s small, the left auricle becomes enlarged and causes bachward dis-
placement of the esophagus

DIFFERENTIAL DIAGNOSIS

Aortic atresia calls for differentration from other anomalies which place great
strain on the nght side of the heart and from other conditions which are fatal
early infancy

Total anomaly of the pulmonary venous seturn i the termmal stage may be
confused with aortic atresia, because 1 both 1nstances 1n early infancy the pa
tient may be intensely cyanotic The history 1s usually of aid, as a baby with a
total anomaly of the venous return 15 seldom 1ntensely cyanotic from burth ex
cept when all the pulmonary veins dram into the hepatic vein, under such ar
cumstances the heart 1s phenomenally small

“Pure” pulmonary stenosis may cause cyanosis and cardiac fail T]
neonatal pertod Furthermore, at thus age the heart 1s but shghtly enlargc(: e
infant with “pure” pulmonary stenosis usually responds promptly to digatalis

oo ation of the oreat vessels with a closed ventricular septun

ure 1 the
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werhculum

phatocele

Sh==h
Smphalocele "R~

Faeure w7 Divervcutum of the Jefrventricle. Case xan~s

heart with snereased putmonary Blood flow The pulsatng vessel i the sbdomunal
wall was thought 1o be a dnerncubum of the left ventncle but the posubibey of an
aberrant vessel ansing irom the descending aorta was also considered

Special tests Angocardwograghy was pesformed 1n the usual manaer The nghe
sudz of the heart Rlled aormally Then the left sde of the heart and the dorta wese
sisualized There was shight opanficaucn below the diaphragm a8 the ume the dye
entered the left ventricle but 1t was not clearly delineaved The descending aorta was
clearly delineated and @ was obvious that no sbnormal vessel arose therefrom
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ful Murmurs may or may not be present The pulsc 1s weak but, if palpable, 1
of equal mntensity in the arm and the leg Fluoroscopic examunation shows that
the enlargement 1s primanly right sided and that the pulmonary conus s ab-
normally full The electrocardiogram shows a right axis deviation and evidence
of right ventricular hypertrophy

The condition calls for differentiation from other malformations which
cause cardiac farlure 1n the neonatal period and are compatible with hife for only
1short ume A total anomaly of the venous return 15 sometimes confused with
this malformation Pulmonary stenosis with an ntact ventricular septum and
complete transposttion of the great vessels with a closed ventricular septum may
cause cardiac failure 1n the neonatal period Congemtal mutral atresia may
closely simulate this malformation There 15 as yet no treatment The prognoss
15s hopeless Death usually occurs withmn the first few days

B Duwerticulum of the Left Ventricle

A dwerticulum which extends from the apes of the left ventricle through
the daphragm mto the abdomen 15 a rare abnormality, but several cases have
been reported *? It 15 usually associated with an omphalocele and s frequently
assoctated with tricuspid atresia The diagnosis 1s made by the pulsating mass 10
the upper abdomen The following case report illustrates the condition

Hlustrative Case

Case -1 Baby K (Harniet Lane Home, No A-96602) White male Furst seen
in the Cardiac Climc i September, 1952, at two months of age because of a heart
murmur

Physical exanmnation The pauent was well nounshed and well-des eloped and had
good color The head and nech showed no abnormalinies Examunation of the abdomen
revealed a large omphalocele (see Figure mi-7) and, withun its upper portion, 2 vessel
which pulsated vigorously and extended up to the diaphragm The vessel felt Like a
thich walled artery about 3 mm 1n diameter It was possible to shide oness fingers be
neath the distal end of this vessel It was also possible to constrict the vessel 1 1ts mid
portion, when this was done both the proximal and the distal segments pulsated vig
orously
Exannation of the heart revealed shght cardiac enlargement The heart sounds
were of good quality The pulmonic second sound was accentuated and there was a
harsh precordsal sy stolic murmur

Tluoroscopy revealed slight cardiac enlargement and 1ncreased hilar shadows |

Chnical 1mpression The baby obviously had a congemtal malformation of the
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Climscal diagnosts Congemital malformation of the heart and a dwerticulum of
the left ventricle

Dusposuion Although in 1952 surgical correction of the cardiac malformation was
not possible, 1t was hoped that removal of the diverticulum would strengthen the left
ventricle Therefore surgery was recommended

Treatment Surgucal correction was attempted but, as soon as the diserticulum was
dissected and a clamp was placed on 1t, the heart stopped and could not be restarted

Autopsy No 23910 (limited, performed by Dr Morgan Berthrong) The externdl
eximunation of the infant revealed that the umbilicus was absent and that there was
a protrusion of the antenior abdominal wall which formed a hermal pouch 15 cm
below the tip of the diaphragm This mass measured 6 x 9 cm There was a surgical
masion which extended down the mid portion of the mass When the surgical o
sion was opened, 1t was apparent that a portion of the abdominal mass was continuous
with the pericardial sac A prolongation of the pericardial sac extended beneath the
iphotd into the subcutancous ussues of the anterior abdominal wall The antenor
portion of the diaphragm was not attached to the aphoid or to the costal carulages at
the mud hne The musculature of the upper anterior abdomunal wall was mussing
and the finger like projection of the diverticulum extended from the left sentricle
through the defect In addition there was a small nedule of myocardial muscle found
free 1n the subcutancous fat of the upper abdornal wall

The heart was enormously cnlarged the enlargement was due solely to the greatly
dilated nght auncle and the greatly hypertrophied rght ventncle The superior and
inferior venae cavac entered normally into the night auricle The foramen ovale was
anatomucally patent The tricuspid valve was normal and opened 1nto a greatly hyper
trophied night ventricle The wall of the nght ventricle was 1 cm 1n thichness in many
places There was a large defect in the ventricular septum The pulmonary vahe and
pulmonary ring were normal ‘The pulmonary artery was greatly dilated The pulmo-
nary veins entered a small left auncle, the mtral valve and the left ventncle were
normal 1n size Extending downward from the apex of the left ventricle there was 2
diverticulum conssting of a long, narrow chamber The onfice of the chamber was
only 3mm 1n diameter The chamber measured 65 cm 1n length and varied 1n width
as shown 1n Tigure su1-8 The myocardium of the chamber was thin, 1t measured
approxxmatcly 1to 2 mm 1n thickness except at the up There was a hugh \cnmdcuhz
septal defect The aorta, however, arose normally from the left ventricle and did no!
over ride the defect The ascending aorta measured 12 cm 1 diameter The left com
mon carotid artery arose anomalously from the innominate artery The aorta between
the left subclavian artery and the point of entrance of the ductus artertosuis was only

sed to g mm
7 mm In diameter Beyond the ductus arteriosus the aorta agan increa 9

1n diameter
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Froure a-S  Diveruculum of the left ventricle
Case x111-1

The lungs were grossly normal Mucroscapic sections of the lungs showed extreme
muscular by pertrophy of the smallest pulmonary artenoles with uny fumina No
sotimal lesions were seen Thus the small pulmonary artenioles appeared simular to

systemuc arterioles The duerticulum show ed normal endocardium and myocardium
The liver was normal

£
Final ! diagnoss Congenital mal

10n of the heart vemnicular
septal defect, patent foramen ovale, patent ductus arteriosus and divericulum of the

left sentricle coarctauon of the aorta proxmal to the ductus arteriosus ongin of the
left common carotd artery from the

artery p W\ y arter )!
night ventricular by pertrophy congental defect 1n the pencardum congenstal mal

formation of the diaphragm diastasis rects abdormims with ventral hermta containing
cardiac dwvericulum  myocardial fibers 1 abdominal subcutaneous tissue  ventral
surgical nasion with atempted remosal of cardiac diverticulum
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Comment The diagnosis of diverticulum of the left ventnicle was correct The
sevenity of the pulmonary hypertension undoubtedly contributed to the cardiac diff

culty and mcreased the nish of operation, though it was not the apparent cause of
death
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CHAPTER 2V

TRUNCUS ARTERIOSUS AND
HEMI-TRUNCUS ARTERIOSUS

TRUNCUS arteriosus means that there 15 a smgle great vessel which dt

rects the blood to the systemic arculavon and to the tungs Hemt

runcys antenosis 18 the name ghen to the condition 10 which ont

pulmonary artery anses directly from the aorta, s 3t does m A true  truncus

artennosus, and the other pulmonary artesy anses normally from the nght ventrl
e The former condition 1s discussed 1n Section A, the latter in Secuan 8

A Truncus Arteriosus

A truncus arteniosus 15 2 gl great \essel of abnormally large caliber which
combines the featuses of both great vessels Thas vessel recenves all the blood
From both yentricles and durects the blood ta the systemic arculation and o the
fungs The auculation to the tungs 1s by way of

the pulmonary anery which
artss direcdy from the base of the single great vessel, of there ate no pulmonary

artertes and the arculation to the Jungs 15 established through the bronchual ar-

tettes or some anomatons vessels of the coltateral arcalation which may be grven
off from almost any portion of the aorta ‘The coronary arteries anse from the
bas. of the comman trunk., which continues as the aorta and supphies the sys-
temc circulation in the normal manner
Formerly, this malformation was classified asa true truncus artenosus only
provided that the onfice was guarded by a valve with four semalunar cusps and
pulmonary arterses were given durectly off the simgle great vessel The condition
wastermed a pseuda truncus arteriosus” or 4 FUACUS orticus if 3 vestsgual
pulmonary artery was found, or 1f the vahe guarding its onfice had less than
fous cusps, even though there was hut a single great vessel and the arcolanon o
the lungs was by way of the bronchual artenes The occurrence of four semiunar
cusps has been generally drscarded as an essential cnterion Humphreys,' m a
;r:\le :::l‘)c 1\: aorfm::; :::;\r\:e;c:isn of ;asesd cx(‘)rcsscd the opinion that a
b cathier developmental arrest wn the for
e i‘e ol n:onar;:r (;:cs ‘:A true trupcusartertosus Ina true’ trun
y has developed but has failed to become sepa

rated fr
e om the 2orta 111 a pseudo truncus arteriosus the pulmonary artery has
ot yet reached the stage at whach 1t yowns the truncus
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A review of the development of the great vessels from the prmitne aorte
arches 15 necessary to understand the relation of the two conditions and the
fundamental nature of the resulung malformation

EMBRYOLOGY

The aorta 1s derived from the fourth branchial arch and the pulmonary ar
tery from the sixth Normally the sixth left branchial arch distal to the pulmo-
nary artery persists as the ductus arteriosus

Both the fourth branchial arch, which forms the aorta, and the sixth arch,
which forms the pulmonary artery, originate from the aortic sac, whence the
aortic trunh leads to the bulbus cordis

A so-called “true” truncus artertosus occurs 1if the aortic septum fails to de
velop within the primitive aortic sac, under such conditions the pulmonary
artery arses directly from the common trunk Often the only remnant of the
aortic septum present 15 a fold 1n the wall of the aorta just above the point where
the main pulmonary artery branches off from the common trunh In other cases
the formation of the aortic septum has progressed to the stage at which the left
and night pulmonary arteries anse from the single great vessel through a com
mon onfice This common ornfice or common vessel may be given off from the
postertor wall of the ascending aorta or ugher up on the arch of the aorta (¢
the diagram of the truncus arteriosus 1n Figure xiv-1) In the rare mstances 10
wlich the pulmonary arteries arise directly from the truncus arteriosus, the
ductus arteriosus 1s normally formed, 1n most instances, however, 1t 1s absent
Inasmuch as the function of the ductus arteriosus 1s to direct the blood from the
pulmonary artery to the aorta, 1t serves no purpose when the pulmonary artery
and the aorta anse from a common trunk Therefore, since the ductus arterosus
1s of no functional 1mportance, 1t 1s not surprising to find that 1t may atrophy
and disappear quite as readily as does the distal end of the sinth nght branchial
arch

The condition 1s also considered a true’ truncus arteriosus when there 153
single large truncus guarded by 2 valve wath four semulunar cusps and no vestige
of a pulmonary artery 1s found Under such circumstances the circulation to the
lungs 1s through the bronchual artertes or other pathways of the collateral curcu
lation Such vessels are usually minute and the pulmonary blood flow 1s meager

A pseudo truncus arteriosus represents an arrest m the formation of the sixth
branchial arch which 1s of such 4 nature that 1t fails to meet the aortic sac Usu
when the proximal end of the sicth branchial arch fails to meet the aortic

ally,
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Ficurt an-1  Truncus arceniosus with pulmonary vessels ansing from
the truncus and pseudo truncus arteriosus

sac, the distal end fails to meet the dorsal aorta Consequently, not only does the

pulmonary artery fail to meet the aorta 1 the normal fashion, but the ductus
artenosus 1s absent Under such are

ances a vestigial p y artery ex
1sts, 1t leads to the lungs but does not connect with the heart or the aorta and

consequently 1t carnies ho blood Under such arcumstances, asmn a true trun
cus arteriosus 10 which the pulmonary artery 1s absent, the only way for the
blood to reach the lungs 1s by way of the collateral arculation, which 15 usually
established through the bronchual artertes Thus the arculation ta the lungs may
be dentical in the two condinons

Humphreys showed thatinavery real sense a true truncus arteriosus and a
pseudo truncus arterosus could exist together She cited a case 1n which one
pulmonary artery arose dusectly from the aorta and the other pulmonary artery
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Comment The diagnosts of diverticulum of th
sevenity of the pulmonary hypertension undoubted!
culty and increased the nsh of operition, though
death
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the coronary arterses has not been scen by the author, either at operaton or at
autopsy, of at feastat has not been rccogmzcd as such ous ves
Although 1 most instances, 1t 15 relatiscly easy to focate the 'mumla ous vc:
sels as they anse from the aorta or 1its branches, 1t 15 oatremedy difficult to trace
therr entrance wto the lungs Occastonally, as mentionicd above, a Jarge vessel
can be seen to enter the pulmonary artery In most istances, however, itas well
mgh mapossible to demonstrate the exact manner 10 which the vessels of col
Tateral arrculation anastomose with the pulmonary vascular bed
Collisteretal*  have made carcful studics of the desclopment of the pulmo-
nary vascular bed ‘They believe that when there s pulmonary atresia the path
ways of the collateral airculation are fad down duning tra uterine life Ths
st certunty be true m the case of 3 truncus antenosus 1n which the entire ae
culation to the lungs 1s by way of anomalous vesscls If 1t 15 truc 1n one instance,
s certainly reasonable to believe that 1t 1 true m another The concept imphics
that the vltimate effectiveness of the collateral arculation 1s dependent upon the
vaseular channels lud down dunng intra wienine hie
It hasbeen the author s expenience that some patients with a pscudo truncus
arteniosus have been greaty helped by a systeruc pulmonary anastomosis and
that other patients have developed thromboses far out 1 the fungs distal to the
anastomosis Thus 1t appears that in some 1nstances the pulmon:\ry arteries are
able to direct blood to the lungs and that m other 1nstances the vestgral pulmo-
nary artery does not open normally mto the pulmonary vascular bed It 1s the
author s impression that if the vessels of the collateral arculation open 1nto the
pulmonary arterses, then the distal pulmonary vascular bed 1s normal and can
durect the blood to the lungs, 1f, however, the vessels of the collateral circulation
enter the lungs far out 1n the capillary bed, or connect with the bronchial arteral
spsem then the vestigrat pulmonary artery lacks 1ts normal connection with
the pulmonary capillary bed and at best st can carry only a small volume of
blood ta the lungs
BRI I W o
the differentration of 2 true tru s P? e o quendy
615,00 the b o th o :{uaxs ,::mosus mm‘ a pseudo truncus arterio-
tablished only at autopsy Because of lhx;“::x;a\rlcgﬁ m:’;l"") ma\){, can be s
of both types of truncus artenosus, these d e e
ants of the same malformt , two conditions are consule:
1on namely a trancus arterosus

gradations
red as van

Add
wonal evidence that these two condiwons represent closely related de
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was 1 blind tube, that 15, 1t failed to connect with the heart or the aorta, the cir
culation to the lung with the blind pulmonary artery was established by way of
the bronchial arteries The author has scen two cases 1n which one pulmonary
artery arose from the aorta and the other acose w the normal fashion from the
right ventricle (sce Section )

Chursteller,” 1n Tus detailed study of a seres of cases of pulmonary atress,
found that when the ductus arteriosus did not develop or did not remarn pateat
there were exght other possible pathways by which the collateral arculation
mught be established

1 The antenor bronchual arteries, that s, the superior bronchial antertes which anse
{rom the arch of the aorta

2 The posterior bronchial artenes, which arise from the postertor wall of the descend
1ng aorta or from the intercostal artenes

3 Theantenior mediastinal artenies, which anise from the internal mammary artenes

4 The postenior medastnal arterses which arise from the posterior wall of the aoma

5 Branches from the csophageal arteries, which anse from the posterior medastinal
arterics

6 Branches from the pericardial artenes which anse either from the esophageal ar

tenies or from the posterior mediasunal anencs

Anomalous branches which may anise from the coronary artenies of the heart

Anomalous arteries which may anise from the aorta or occasionally from the sub-

chian arterics, from the diaphragmatic arteries, or from the pericardual arteries

WaEN]

Enlargement of the anterior and posterior meduastinal vessels has been com
monly obscried at operation In almost every mstance the collateral cisculation
over the antertor chest wall 1s evident and the mediastmal vessels are large and
numeraus Furthermore, the posterior mediastinal vessels may be so numerous
as to cause increased hilar shadows In many patients large nomalous vessels
coursing 1cross the fungs have been secn at operation In one mstance 2 farge
vessel which apparently arose from the descending aorta opened directly nto
the mferior wAll of the pulmonary artery, s shown mn the middle dragram of
pseudo truncus arteriosus in Figure \n-1 Dr Paul Whate? has seen one patient
1n whom at operation the circulation to the left lung apparently came from a
large vessel which arose from the descending aorta The author has seen one
simylar mstance 1 which at wtoy sy the mam vessel of collatertl arculation was
found to arise from the aorta below the level of the diaphragm In addition, she
has also scen one child who suffered from hematemesis which, n all pmbablhl):
sas due to hemorrhage from esophageal varices secondary to the cnl:\rgemtfzr
of the esophagenl artertes Callateral ewrculation from the pencardial artenes
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Truncus
“arteriosvs
Septal
defect
Aorta~

o
Pulmonary ’)

artery——

Truncus Arteriosvs Normal

Fucuze k-2 Truncus anterosts and normal heart

ductus arteriasus 15 Wsually absent when present, 1t 15 seldom of funcnenal 1
portance

A sruncus artersosts s often assocsated wuth an accest n the deselopment of
the heart atself Defects i the aunculas septum are common, occasionally the
sentricular septum fatls to develop and there 3s but a single ventricle Such con
ditaons, however, represent additronal anomalies, they are nat pact and parcel
of the truncus artenosus A single auricle or even a single ventricle docs not
grealy alter the cireulation, becavse alk the blood 15 pumped out it the com
mon vessel Therefore, segardiess of whether or not venous and artenat blood
are muxed 1n the aurcle or 1n the ventrcle, complete admuxture occurs 1 the
trancus arteriosus Furthermore, there 15 no separation of the work of the two
sides of the beart Exther a common ventncle or two ventsicles pump the blood
through a sigle great vessel to both the systemc and the pulmonary airculatien

COURSE OF THE CIRCULATION

Durag feral bife the cireulation to the lungs 15 mununal, the man flow of
blood 15'by way of the single vessel to the body of the fetus The blood 15 returned
@ the normal manner by the superior vena cava and the mfenor vena cava 1o
the right auncle The blood which goes to the lungs 25 returned 10 the normat
fashion to the left auncle Nesertheless, masmuch as the truncus arterosus arises
more from the right ventricle than from the left, the work of we right ventrcle
ismereased (sec Figures yn~p and §)

. dA{:;r Burth the establishment of respiration opens the pulmonary vascular
ed and thereby some blood from the truncus astessosus 15 directed 1o the tungs
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velopmental arrests 1s that they cause virtually the same alteration 1n the size and
the shape of the heart The fundamentat contour of the heart 1s determined dur
ing mntra uterine hife During fetal hfe the circulation to the lungs 1s relately
umimportant, consequently the work of the heart 1s virtually the same whether
the circulation to the lungs 15 from the pulmonary artery or from the bronchil
arteries Moreover, when the circulation to the lungs 1s by way of the bronchil
arteries, existence of a rudimentary pulmonary artery 1s of no functional smpor
tance In both cases, the two ventricles pump the blood through the single great
vessel to the body of the fetus

Morcover, 1n erther a pseudo truncus arteniosus or a “true” truncus arteriosus,
the pulmonary blood flow may be excessive or 1t may be marhedly reduced
Therefore, 1nstead of an anatomical separation of the two conditions, the author
prefers a physiological differentiation on the basis of the volume of the pulmo-
nary blood flow, which may be tncreased, normal, or decreased

At the stage 1n the devclopment of the heart when there 1s but a single great
vessel, there are but a single auricle and a single ventrnicle, the single great vessel
anses from the primitive bulbus cordis As the aortic septum develops, the com
mon trunk shufts from 1ts positson relatve to the bulbus cordis to assume a more
postertor position above the left ventricle When the development of the great
vessel 15 arrested, the truncus artesiosus anses from both ventricles, but usually
more from the right than from the left

NATURE OF THE MALFORMATION

A truncus arteriosus 1s a single great vessel of unusually large caliber which
combines the features of both great vessels The common truncus over nides the
ventnicular septum and receaves the blood from both ventncles, hence 2 high
ventricular septal defect 15 an integral part of the malformation (see Figure
xtv-2) The onfice of the truncus 1s guarded by a valve with two, three, or four
sermilunar cusps The coronary artenes anse from the base of the great vessel
The pulmonary artery anses either from the posterior wall of the m:ncus 1(5“
Figure xiv-3) or from 1ts base as in the case reported by MacGilptn,® which 15
shown 1n Fagures xiv-3 and 5, or else the pulmonary artery 15 absent and the ar
culation to the lungs ss established by way of the bronchual vessels or by some
anomalous vessels as llustrated 1n Figure xiv-6 In all instances the blood from
both ventricles 1s pumped out into the common artersal trunh and thence 1t ﬂ;\::
through the arterial pathways to the systemic arculation and to the Il;rllngis The
heart 15 shghtly to moderately enlarged Both ventricles are thick walle
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us with a single pulmonary artery ansing,
(same patent as in Figures \iv— 18)

Fioure \iv—3 Truncus arterios!
from the base of the truncus
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Fieure \nn-3  Truncus arteniosus with the pulmonary arteries ansing
from the mam truncus and a high ventricular septal defect
The single vessel over ndes the septum and recerves blood from both

ventricles The left and the night coronary artenes anise from the
base of the zorta behind the senulunar cusps
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Frcure a3 Truncus antenosus with a single pulmonary artery ansiny,
from the base of the truncus (same patient as 1n Figures xiv-5 18)
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Fieure xiv-3  Truncus arteniosus with the pulmonary artenies ansing
from the main teuncus and a high ventricular septal defect

The single vessel over nides the septum and receves blood from both
ventricles The left and the night caronary artenes anise from the
base of the aorta behind the senmlunar cusps

Interventncular
septal defect
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Sem lunar velve
overlying defect of
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Froure x1v-6  Pseudo truncus arteriosus (same patient as in Figure x1n-20)

The antenor view shows the truncus arteriosus over nding the ventricular
septumn The posteriar vtew shows the enlarged bronchial arteries
and the esophagus caught betw cen the bronchial arteries
and displaced to the left
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Truncus
Arferosus Ficure \n—5  Truncus arteriosus with a
single pulmonary artery ansing from the
base of the truncus (same patient as n Fig

ure \h-4)

Right
V@n#:cla

Cutsy fD W N MacGlp

If the pulmonary arteries anse from the truncus, a large s olume of blood 1s dt
rected to the lungs, where 1t 15 oxygenated, and returned n the normal mannet
by the pulmonary vens to the left auricle, thence 1t flows to the left ventnde
The remainder of the blood 1n the truncus arteriosus 1s directed to the body and
15 returned by the superior and inferior venae cavae to the night aurcle, thence
1t flows to the right ventricle The blood from both ventricles 1s pumped out 1to
the common trunk There the cycle starts agan Under such arcumstances a
large volume of oxygenated blood 1s mixed with the venous blood which 15 ¢
turned from the body to the night side of the heart, therefore cyanosis 15 mint
mal or absent (see Diagram xn-1)

When the pulmonary artery fails to meet the aorta and the ductus arteriosus
15 absent, the only possible way for blood to reach the lungs 1s through the
bronchal arteries or some anomalous vessels Although these pathways of col
lateral airculation enlarge, they are seldom sufficient to permit adequate curct
lation to the lungs The volume of blood which flows to the lungs yanies with
the size and number of these pathways When these are few or of very small
caliber, the pulmonary blood flow 1s extremely meager Only a small volume
of oxygcnated blood 1s returned to the left auncle and the left ventricle Hence
only a small volume of oxygenated blood 1s mived with a large volume of venous
blood, consequently cyanosis 1s intense (see Diagram \n-2)

Thus a truncus arteriosus may have excessive, normal, or reduced pulmo-
nary blood flow Nevertheless, the course of the arculation 1n all mstances 15

basically the same
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Trunk and

Ficore xin-8  Fetol arcnlauon (A) Truncus arteriosus with the pulmonary
arteres ansing from the main truncus and (B) normal heart

nary artery 15 related to yolume of the pulmonary blood flow When relatnely
small vessels are grven off the descending aorta, the pulmonary pressurc 1s usu
ally abnormally low

CLINICAL FINDINGS

The presence or absence of cyanosis vanes with the adequacy of the pulmo-
nary blood flow Cyanosis 15 minimal or absent 1n infancy and childhood when
the pulmonary artenes anse directly from the common trunk Under such ar
cumstances a large volume of blood reaches the lungs for oxygenation and a
large volume of oxygenated blood 1s returned to the left side of the heart Fur

thermore, the blood 15 directed nto the pulmonary arteres under systemic pres-
sure Consequently, »f the pul

y vascular bed opens up 1n the normal
fashion, there 1s real danger of excessive flow to the lungs and the depletion of
the systemic arculation This ph

on 15 the probable expl of the
high mortality rate in the neonatal period when the pulmonary arteries arise
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Put Art
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V nosus

Teure -7 Tetal arculanon (A) Truncus arteriosus with circulauon to
the lungs by way of the bronchial arteries and (B) normal heart

PHYSIOLOGY OF THE MALFORMATION

In this malformation all the blood to the body and to the lungs 1s pumped
out through the common truncus Consequently the same admuxture of venous
and arterial blood 1s directed to the two circulations The height of the pressure
m the lesser circulation depends upon the size and the position of the vesscls
which direct the blood to the lungs The pressure 1n the ascending aorta 18 2
combznation of the force of the actual expansion of the aorta and that of the for
ward propulsion of the blood, whereas in the descending aorta the expansile
force 15 no longer present and the pressure 1s caused solely by the force of the
forward propulston of the blood ™ * Consequently, 1f large pulmonary arteries
are gnen off the ascending portion of the truncus artersosus, the pressure 1n the
pulmonary artery 1s the same as that 1n the systemic arculation, under such cr
cumstances pulmonary hypertension 1s severe If, however, large vessels are gnven
off the descending aorta, the hemodynamucs are similar to those which occur
with a huge ductus arteriosus, namely, the height of the pressure the pulmo-
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DiacrAM X1V

Trunens artertosus with the pulmonary areertes
arsing from the main truncus

The essenual feature of this malformavon 1s that there 1s but a singfe great vessel
which corabines the features of both great sessels, it receves the blood from both ven
tricles and durects Mood 10 the systemic cicculation and ta the lungs The coronary ar
tenes anise from the base of ths singfe vessel and the pulmonary arteries ongnate as
branches of the main trunh. Both auricles are narmally formed and both ventricles are
normafly formed except for a high venercular septat defect This 15 tacs wable as the
Iruncus artenosus anses from both ventngles, hence 1t over ndes a hugh sentncular
septal defect Both ventricles are abnormally thick

The blood from the nght auncle flows 1nto the nght ventnele and that from the
left auncle flow s 1nto the left ventricle. From both ventrcles the blood 15 pumped out
1o the common attenal trunk and flows both to the body aad through the pulmonary
artenes to the lungs The blood from the head and the upper extremities 15 retuened
by the superior \ena cava to the fight auricle and that from the trunk, and the fower ex
tremities 15 returned by the infenor vena cava to the night auticle The blood which is
pumped into the pulmonary arteries flows 1n the normal manner to the lungs where
s oxygenated and the oxygenated blood 18 seturned by the pulmonary veins to the
feft auncle There the cycle starts again Inasmuch as the pulmonary artenes are of
normal size 2 larye volume of oxygenated blood 1s returned to the left auncle and w0
the left veatacle This blood 18 pumped out 1nto the common astenial ruoh where it
ouxes with venous blood from the night side of the hieart Inasmuch as a Jarge volume
ai oxy;gcnntcd blood 15 muxed with the normal venous blood, cyanosis 1s minimal of
absent

Climcal diagnosts 1 the pulmonary artenies are large and ate given off at the base

of the truncus the pressure 1n the pulmonary arteries 15 the same as that 1n the aorta
there 15 marhed pul v hyg and

f
there 35 no continu
fr— q ¥ tirtious

Frequently both pulmonary arteries are gven off from a single onfice, which
ates a muld funcuonal pujmonary stenosts under such circumstances cxll’lcr an "l‘
duastolic murtaur 1s audible at the base of the heart or 2 cantinuous murmuyr 1s :Ia!’ﬂy
over the luags The electrocardiogram usually shows 3 nght axis deviation a:::i lcuc

dence of exher right ventneular hypertrophy or combined ventrscular bypestrophy
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DiacraM V-1

Truncus artertosas with the pulmonary arienies
artsing from the man trunciis

“The essential feature of this malformation 1s that there 15 but a single great vessel
which combines the features of both great vessels, it reccives the blood from both ven
tndes aod directs blood to the systemic airculation and to the lungs The coronary ar
tenes anse from the base of thus single vessel and the pulmonary artenies oninate as
branches of the mam trunk Both auncles are normally formed and both ventricles are
normally formed except for a lugh ventncular septal defect This 1s mevnable as the
truncus artenosus anses from both ventricles, hence it over ndes a igh ventncular
septal defect Both ventricles are abnormally thich
The blood from the night auncle flows into the nght ventricle and that from the
left aunicle flow s 1nto the left ventricle. From both sentnicles the blood 15 pumped out
into the common artertal trunh and flaw s both to the bady and through the pulmonary
antenes to the lungs The blood from the head and the upper extremuties 1s returned
by the superior vena cava to the nght auncle and that from the trunk and the lower ex
trenties 15 returned by the inferior vena cava to the nght auncle The blood which 1s
purmped 1nto the pulmonary artenes flows 1n the normal manner to the lungs where
Itisoxygenated and the oxygenated blood 1s returned by the pulmonary veins ta the
left quncle There the cycle starts again Inasmuch as the pulmonary arteries are of
normal size 3 large volume of oxygenated blood 1s returned to the left auncle and to
2’:‘::::;;\1[‘:::12“’:‘:;5 b;ofod 18 glumpcd out into the common artenal runk where 1t
o ex’gmmdnblwd (: m‘;c;r:l: w:}:lg\h: ;x:: ofllhe hc:mb lInasmuch as a farge volume
e 'mal venous blood, cvanoss 1s sinimal or
o [ﬁ:’:’rl:;lc i;ﬂf}r‘wm 1f the pulmonary artenes are large and are guen off at the base
y e pressure 1n the pulmonary arteries 15 the same as that 1a the aorta

ere 1§
i marhed pulmonary hy pertension and consequently there 15 no continuous
mur

Frequently both pulmonary arteries are given off from a single onfice which cre

ates 3 my
o 1d functional pulmonary stenosis under such aircumstances exther an early
e Turmu{: a;dxblc at the base of the heart or a continuous murmur 1s audible
ungs The electrocardiogram wsuall
shows a nght axis devia
dence of exther nghty lar hy h 0); t ’g e e
F phy

ventricular hy pertrophy
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DiscraM av-2

Pseutdo truncus arieriosus

In thus ralformation there 15 but a single great vessel which receives the blood from
both ventncles and dicects 1t to the systemuc airculanon and to the lungs The pulmo-
nary artene , however do not anse from this great vessel The asculation to the lungs
15 by way of the bronchial artenies ot lous vessels ot the collateral crrculation
Both auncles and both ventrcles are normally formed, nasmuch as the common
antenal trunk anses from both ventricles a ugh ventricular sepral defect 15 wevitable
The cotonary artenies anse at the base of the truncus arteniosus behind the semilunar
cusps Inasmuch as the pulmonary artery does not conhect with the truncus artenosus
or with the heast the only pathway by which the blood can reach the lungs s through
the bronchial artenes There may be one or two abnormal superior bronchial artenes

which artse from the arch of the aorta of some of the postetiar bronchual artenies may
be sbnormatly large

The blood from the nght auncle fows 1mto the nght ventncle and 15 pumped out
by way of the common artensal trunk to the body and through the bronchial artencs
tothe lungs The blood fram the head and the upper extremities 1s returned by the
superior vena cava to the nght auncle and that from the trunk and the lower extrem
ties 15 revarned by the infenor vena cava to the same auncle ‘The blood 1n the bronchual
antenies flows to the lungs and the oxygenated blood 1s returned 1 the normal manner
by the pulmonary veins to the left aunde Thence the blood flows to the left ventricle
and 18 pumped out 1nto the truncus artenosus There the ¢y cle starts agam

Clingeol duagnons “The panent usually shows persistent cyanoss but 1s not severely
{:r[z:x;e‘dmi:;ﬁ:; xsac;;::rmg‘c:c n([h;:c ‘:s a conc‘:\c cuyve at the base of the heart to the

gh aortic hnob and decreased halar markings, and
a0 absence of the ufar comma A contnuous murmur 1s audible over one or both
lungs the sntensty of the murmur 15 yersely proportional to the intensity of the
cyanosis The electrocardiogram usually shows a right axis deviation and commonl:
shows evidence of combined hypertraphy !
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become obliterated; hence most nfants with a truncus arienosus do not suffer
from attachs of paroxy smal dyspnea Moreaver, the vessels of collateral circu
[ation tend to 1ncrease 1n size as the patient grows and consequently the arcula
ton t the lungs may gradually show shght improvement

Exercise tolerance of the individual varies directly suth the volume of the
pulmonary blood flow When the pulmonary artenes arse direwtly from the
aorta, there 15 adequate or excesse pulmonary blood flow and the mdidual
can dovirtually as much as any normal person In contrast to this, when the air
culauion to the lungs 1s by way of the minute vessels of collateral arculation, the
patient s activity 15 extremely hmited An intermediate stage between these tho
extremes 1s the most common of all Namely, the collateral arcufation 15 mod
crately well developed Under such circumstances, although the pulmonary
blood flow 15 reduced, 115 constant Furthermore, since the artertes which carry
the blood to the bungs anse directly from the aorta, any increase m the systemc
pressure mereases the arculation to the lungs The result 15 that most patents
can walk considerable distances and do not squat when tired In this malforma
tion the systemuc pressure regulates the pressure under which the blood flows to
the lungs Indeed, the pulmonary blood flow remans relatisely constant unless
there 15 a collapse of the systemuc circulation It 1s important to remember that
12 patient whose pulmonary blood flow 1s extremely meager a sudden drop n
the systemuc pressure may be fatal

The pulse 15 forceful and of equal strength m the arm and the leg Artenal
pulsations are frequently conspicuous 1 the vessels of the nech

The blood pressure 15, however, usually normal Indeed, the diastalic pres-
sure 15 usually higher than mught be expected from the quality of the pulse

CARDIAC FINDINGS

The neart 1s shghtly to moderately enfarged The enlargement manly 1n
;01\ es the night ventricle which may be o great as to cause left sided chest de
Gfﬂ“(y

The second sound at the base 1s loud and pure It may be better heard to the
teft of the sternum than to the nght it1s, howeser,

N A harsh systohic murmur 1 frequently audible over the precordium and may
iy v;'[xjc(y transmitted throughout the chest When the murmur 1s mntense, a
rill develops at an carly age the thrall s of maximal ntensity over the ste; .
at the base of the heart e

never reduplicated

A contin
inuous murmur which 1s best heard over the lungs 15 the most charac
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directly from the base of the truncus Once a balance 1s established, the patient
usually does well for a numbcr of years Unfortunately when the pulmonary ar
teries arise from the base of the truncus, these vessels recers e blood under systemic
pressure As m all such instances, mitally the pulmonary bed opens up slowly
and the hypertension 1s compensatory Over the years, however, intimal changes
occur and become progressively more severe Eventually the vascular changes
may be so great as to reduce the volume of blood which reaches the lungs for
oxygenation and thus they increase the volume of venous blood directed to the
systemic circulation to such an extent that the patient develops cyanoss and
polycythemia Therefore, termunally, most adults with this malformation show
varying degrees of cyanosis, clubbing, and polycythemia

Cyanosis almost always dates from birth when the pulmonary artery 1s absent
and the circulation to the fungs 1s through the bronchal artenes or anomalous
vessels of the collateral arculation Only rarely are these vessels sufficiently large
so that there 15 adequate circulation to the lungs Usually these pathways arc ex
tremely small in comparison with the size of the normal pulmonary artery and
the pulmonary blood flow 1s proportionately reduced Under such circumstances,
only a small volume of blood goes to the lungs and a large volume of blood goes
to the body, hence only a small volume of oxygenated blood 15 returned to the
left quricle and a large amount of venous blood 1s returned to the nght auncle.
Regardless of whether or not there 1s a gross defect 1n the auricular septum, al
the blood returned to the auricles 1s pumped out 1nto the common great vessel,
hence the greater the reduction of the pulmonary blood flow, the smaller 15 the
solume of ovygenated blood directed to the systemic circulation and the loser
1s the ovygen saturation of the artenial blood Under such circumstances cyanosts
15 readhly apparent at birth and polycythemua develops in early infancy

Dyspnea vanies with the adequacy of the pulmonary blood flow Neverthe
less, the volume of the pulmonary blood flow, regardless of whether st 1s great
or small, 15 related to the systemic pressure, therefore 1t 1s relatwely constant For
ths reason, although polypnea may be marked, respirations are not labored and
attacks of paroxysmal dyspnea are rare Indeed, paroxysmal dyspnea occurs only
1 those rare mnstances 1 which the ductus arteriosus constitutes the prnaipal
pathway by which the blood can reach the lungs As the ductus pertodically con
stricts during the process of closure, the airculation to the lungs 1s abruptly ¢
duced, under such circumstances, an infant may suffer from attacks of pnmxi;s
mal dyspnea Usually, however, the circulation to the lungs 1s marmtatned by
small arteries which arise directly from the aorta These vessels do not tend to
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ver hieard pastentorly than antenorly The murmur may be masimal over 1be
base of the heast ta the left of the steroum, uider such crrcumstances (€ ceqieees
dfferentiation from the murmur of persistent palency of the ductus arteniosus
The mutmut produced by & LrURCUS asLE108us aiffers from chat assaciated with
patency of the ductus arteniosus w dat ¢ hos 3 humming quality and sanes i
sntenstty wath respirabion, 3t 1s usually bettes heard wath the breath held i full
expration Ordmanly the murmur s not very Joud and 1s limued 10 onc side
of the chest It may be localized 1n almost any place, depending on the location
of the anomalous vessels to the Jungs Thus the murmur may be audfie oves 2
famted asea, Sront, back, or 1 the axifia Such a suromur frequenely escapes de
tectuon unless care fully sought far when histenig oser the tungs .

4 thyslf s palpable only when the murmauc is excessis cly foud When a thl§
does occur, 1t 1s not locahized over the pulmonary azea but 15 widely transrutted

throughout the lungs and may be readdly palpable 1 both awllae A continuous
theatl, hawever 1s the exception not the rale

X RAY AND FLUOROSCOPIC ¥FINDINGS

In infancy the conraur of the heart ss disuncune, especially when the pulmo-
rary artertes are absent {n the antenor posterior posiiion the heatt 15 seen to bie
greatly enlarged Ownng 10 the absence of the normal pulmonary anery, the
shadow cast by the pulmenacy canus ts absent, the upper margia of the cardiac
shadow 10 the left of the sternum 1s concave The ventricular shadow extends
nearly to the axilla and the apex of the heart 15 upturned owing to the enlarge
ment of the nght ventridle (see Figures xtv-g and 10)

In the nght antessor-obhque postion the upper margn of the shadaw cast
by the night ventricle makes an abrupt angfe with the aarta and extends hors
zon ally outward to the antersor chest wall ftis so strasght that st has the appear
a?ce of a shelf or wall (sec Fagures xnv-11 and 12) 1f Puck conld sit on the edge
of 2 non functioning nght ventracl
o g ng tele, Humptv Dumpty could balance on this

In the Jeft antertar-oblique
deptnn o que position the shelf may or may net be apparent,

pending on the thickness of the night veatcle Tnasmuch as the fruncus ars

more From the night ventncle than from the outl o

angulavon between the

e ancus artenosus and the sight ventncle In Figure
¢ patient 15 ot rarited sufficiently far to show th

nght vensruele bue the aaterior displac . *;Si:‘lw‘ S onorgementof he

acement of the eso
esophageal vessels s clearly visible (see below) ophags by the reto

flow tract, there 15 usuaily an
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tersstic of all Aindmgs 1 a truncus arteriosus The murmur 1s seldom present at
burth but frequently develops during the carly months of hfe Jt 1s deperd
on the contous flow of blood from the 7orta through the vessels of the cd
latera circuiation to the lungs Thus 1t depends on the height of the syt
pressure, on the size of the vesscl leading to the lungs, 1nd on the pulmonay
resistance

When the pulmonary arteries anse directly from the base of the heart, the
pressure 1n these vesscls 15 the same 1s that 1n the systemic arculation If the
lungs (xpand rapudly, the pulmonary blood flow becomes excessive, when ths
occurs no contintous murmur 1s heard and the mfant dies at an early age Often
the onfice of the pulmonary artcry 15 sufficiently small to break the Igh pres
sure 1 the truncus Under such circumstances, as the pulmonary vascular bed
gradually opens, the differcnce i pressure between the systemic and the pul
monary circulation becomes sufficiently great to cause 2 continuous murmur

If the vessels of the collateral carculation are minute, so httle blood flows
through these vessels that there will be no continuous murmur Fortunately, the
vessels of the collateral airculation tend to werease i size with the growth of
the ndividual Therefore 1t 1s not uncommon for a continuous murmur to 3p-
pear duning infancy As previously mentioned, 1n rare anstances when the mant
pathway of the collateral circulation 1s by way of the ductus artertosus, as the
ductus arteriosus undergoes obliteration the nfant may suffer from attachs of
paroxysmal dyspner The author has had the opportunity to examine two such
pattents during episodes of paroxysmal dyspnea In both mstances the contint
ous murmur disappeared duning the attack of paroxysmal dyspnea and upon
the return of the murmur the mfant s color immediately improved and dyspaed
subsided

Usually, however, the vessels are of moderate size—small enough to breah
the force of the systemic pressure and yet sufficiently large to permit blood to
flow continuously to the lungs The ntensity of the conunuous murmur 15 &
rectly yrogomoml to the volume of blood which reaches the lungs CO“SIc
qucntly, if the prtient shows minimal or no cvanosis and corrcspondmgly ltle
mncapacity, there 1s a loud continuous murmur If there 15 moderate cyanosis
and some limutation of activity, the murmur may be localized over one lung OL;
over one portion of one fung, whereas 1f there 15 intense cyanosis and marhe
incapacity, there may be no murmur

The murmur may be of maximal intensity 1n almost any location If the mur

mur 1s loud, 1t 15 usually well heard over one or both lungs It 1s frequently bet
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ter heard posteniorly than antenorly The murmur may be maumal ever the
base of the heart to the left of the steenum, under such cureumstances st requires
differenuiation from the murmur of persistent patency of the ductus astersosus
The murmur produced by a truneus arteniosus differs from that asscaiated with
patency of the ductus artertosus i that st has o hummung quality and vanes m
mitensity with respiration, 1t 1 usually better heard with the breath held an full
expiranon Ordinanly the murmur 15 not very loud and 1s hmuted 10 one side
of the chest It may be localized 1 almost any place, depending on the location
of the anomalous vessels to the lungs Thus the murmur may be audible over a
Dmited area front, back, or 1n the axilla Such a murmur frequently escapes de
tection unless carefully sought for when listening over the lungs .

4 2krdl 15 palpable only when the murmur 5 excessively lond When 2 thrill
does occur 1t1s not Jocalized over the pulmonary area but 1s widely transmuted
throughout the lungs and may he readily palpable 1n both anillae A connnuous
thnll, howeser 15 the exception not the rule

X RAY AND FLLORQSCOPIC FINDINGS

Innfancy the contour of the heart 15 distinctive, especially when the pulmo-
nary arteries are absent In the anterior postensor positon the heart 15 scen to be
greatly enlarged Owing 10 the absence of the normal pulmonary artery, the
shadow cast by the pulmonary conus 15 absent, the upper margin of the cardrac
shadow to the left of the sternum s concave: The ventncular shadow extends
nearly to the axilla and the apex of the heart 1s upturned owing to the enlarge
ment of the nghtventncle {see Frgures xt-9and o)

In the nght antenor-oblique position the upper margin of the shadow cast
zontally cutward to the antenor chest wall It 15 so
anee of 2 shelf or walj (see Fagures xn

of alnon {uncuumng nght ventrscle,
wal

straaght that it has the appear
-1 and 12) If Puck could sit on the edge
Humpty Dumpty could balance on this

In the lefe anterior-oblique

Posiion the shelf may o ma; b
o y Y not be apparent
mp : g on the thickness of the right ventracle Tnasmuch as the Lruncufansc;
ore trom the night ventricle than from

the ousflow tract, there 35 usy
the truncus artentosus and the nght ventricle In
not rotated sufficiently far ¢
the anterior displacement
clearly vssible (see below)

angulation betweer,
A0-11 the panent 1
ght ventrele bye

esophageal v essels 1

ally an

Figure
o show the cnlargement of the

of the esophagus by the retro.
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T'iege \is—9  Truncus artenosus (same pauent as 1n
Figures \in-11,21) Infant

I3 phugus

Figere \tv-10 (A) Truncus artertosus and (B) normal heart Infant

The truncus artenosus 1s of abnormally large caliber and arches at an ab-
normally lugh levdl as shown in Figure \n—g and also 1n Figures \n-13, 15, 3%
and 24 In mfncy the wbnormally large aosta 1s not only conspreuous but also
usually indents the esophagus The indentation of the esophagus can generally
be demonstrated e the anterior postertor posttion and m both oblhique posiions
upon 1ts delincation with 1 radio-opaque mvture A nght aortic arch 1s quite
common with this malformation, as shown 1n Figures sin-13and 14

As the mdnidual grows, the diaphragm descends and the heart comes to
occupy a more vertical position m the chest than 1t did in mfancy When this
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Left antertor-oblique posiion

Roght antenos-oblique poswton

Froure sn—x1  Truncus arteriosus {same panent asin Figure sn-9) Infent

Note the shelf like projection of the right sentricle

occurs the contour of the heart usually changes The nyht ventncle no longer
projects forward so abruptly, consequently the contour of the heart comes ta
resemble that of 2 tetralogy of Fallot with a severe pulmanary stenasis (see Fig
ures xn-15and 16) Under such circumstances the high aortic arch, 1n combina
o wath an absence of the shadow cast by the normal pulmenary artery and its
branches, gives the clue to the diagnosis

Absence of the shadow cast by the right and left branches of the mam pul
monary ariery may be stokung Danclius® empbasized the absence of a hilar
comma in cases of truncus artertosus In the author s expertence, not only 1s the
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RIGHT ANTERIOR-OBLIQUE POSITION

Froure \in-12 (A) Truncus arteriosus and (B) normal heart Infant

hilar comma absent, but 1t 1s replaced by diffuse fine vascular marhings which
radiate from both hilar regions to the lungs

On the other hand, #f large pulmonary arterses are grwen du ectly off from the
common trunk, they recenve a large volume of blood under systemuc pressure
Under such circumstances, although the shadow at the base of the heart has a
concave curve, there may be a conspicuous hilar dance (see Figure An-17)

Occastonally one or both pulmonary arterses arise from the base of the trun
cus on the left, close to the origin of the normal pulmonary artery, as shown mn
Figures X1v—4 and 5 Under such circumstances, 1 contrast to the usual con
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Frouag x-13  Truncus arterosus with a ight soruc arch. Adukt

cavity there may be fullness i the reglon of the pulmonary conus, as shown 10
Figure xn-18

The occurrence of anomalous retro-csophaged vessels offers addiwonal evt
dence that the curculation to the lunys 1s by way of collateral pathways The
esophagus may be caught between anomalous bronchual arterses and displaced
agtertorly or [aterally as shown s Figures xn-xrand 1z Indeed, the demonstra
tion of retro-esophageal sessels 1 the Jower theracte region ss of diagnostic sig
muficance, 45 1t cannot be due ta any abnormality of the vessels which agse fror
the gortic arch (sec Chapter %07) Jn rare metances the esophagus may be
caughe by one or more of these anomalous vessels and displaced 1 an extremely
bizarre manser as shown in Figure xn~19

When the main arcutation to the lungs 1s by way of the supensor bronchaal
artenes these sessels may become greatly dilated In sate mstances the mereased
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Truncus

Fietre =14 (A) Truncus arteriosus with a night aortic wch and
(B) normal heart Adult

number of vesscls gien off the transverse portion of the aorta may cause the
7ortic arch to be fuzzy and indistinct (see Figure \nv—20)

In summary, there 1re five findings of diagnostic importance which should
be sought for upon rdiological exammation

1 Moderate cardrac enfargement with a concave curve at the base of the heat to the
left of the sternum

A promunent aoruc hnob wlich lies 1t a0 abnormallv high level

Absence of the mun right and left pulmonary arterses

Diffuse fine hlar markings

Retro esophageal vessels or bizarre displacement o the esophay,us

[V IS ST VYRR X}

It 15, however, important to remember that retro-esophageal vessels are not
always present and that the occurrence of a huilar dance does not exclude the
possibality of @ ‘true’ truncus arteriosus wath the pulmonary arterv ansing da
rectly from the aorta

FLECIROCARDIOGRAPHIC FINDINGS

The electrocardiogram 1s subject to considerable varation 1 most mstances
the standard Jeads show a right axis deviation and the precordsal leads show et
dence of hypertrophy of both ventricles Not infrequently the deflections ase of
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Fietre \n-15 Truncus artenosus with a left aortic arch Adult

/

" Esophagus
\\/ 1 _,\//

A

Fietre \n-16 (A) Truncus arteniosus v

tth a left aortic arcly
(B) normal heare Adule hand
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Breure -1y (A) Truncus artenosus with a nght aortic arch nd
(B) normal heart Adult

number of vessels given off the transverse portion of the 1orta may cause the
rortic arch to be fuzzy and indistinct (sce Figure \1v-20)

In summary, there are five findings of dingnostic importance whuch should
be sought for upon rdiological cxamination

1 Moderue cardiac enlirgement with a coneave curve at the base ot the heart to the
left of the sternum

A promunent aortic hnob whuch lies at 1 abnormally high level

Absence of the mun night ind left pulmonry rteries

Duffuse fine hilir markings

Retro usophagel vessels or bizarre displacement of the esophagus

[V R VY]

It 15, howcver, important to remember that retro-esophageal vessels are not
always present nd that the occurrence of a lular dance does not exclude the
possibility of 1 ‘truc’ truncus arteriosus with the pulmonary artery ansing di
rectly from the ©ort1

ELECTROCARDIOGRAL HIC FINDINGS

The electrocardiogram 1s subject to considerable varmtion 1 most msrnces
the standard leads show 1 nght s deviation and the precordnl leds show :uf
dence of hypertraphy of both ventricles Not mfrequently the deflcuons are ©
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Ficure sv-16  Truncus arteniosus with a single pulmonary artery ansing,
from the base of the truncus (tracing, of x ray) (same patient as
i Figure viv-4)

Ficure xn-19 Truncus arteniosus Chuld

Note the displacement of the esophagus by
retroesophageal vessels
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Ficure \iv-17  Truncus arteriosus with laege pulmonary artenes ansing
from the truncus Child

abnormally great amplitude (see Fagure \n-21) but this finding 1s not of dug
nostic significince Occasionally Vi shows evidence of nght ventricular hyper
trophy (sce Frgure \i-22), 1n rare mstances the deflection 1n Vi 1s prumanly
downward (sce Figure xn-23)

SPECIAL TESTS

The cireudation trme 1s abnormally short When the pulmonary arteries anse
directly from the aorta, the test material may be so rapidly dissipated into the
two circulations that a satisfactory end point 1s not obtainable

The oxygen saturation of the artertal blood varies mversely with the ade
quacy of the pulmonary blood flow Esven though the pulmonary blood flow 15
adequate or excessive, smce blood from both ventricles 1s directed 1nto the com
mon trunk, there 1s always shight oxygen unsaturatton of the arterial blood The
degree of oxygen unsaturation of the arteral blood mcreases as the circulation
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- Ticrre sn-21  Truncus arteriosus (same
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Froure an-22  Truncus arteriosus Cluld
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Tieure xnn~20  Truncus irteniosus and a single ventricle with arculauon
to the lungs by wav of the superior bronchial arteries (same patient
as in Figure \in—6) Infant

to the lungs 1s reduced When the pulmonnry blood flow 1s meager, the oxygen
saturation of the arterial blood may be extremely low Usually, however, the
pulmonary blood flow 15 relamn ely constant and can be mcreased by evercsts
thercfore the oxygen saturation of the arterial blood drops but shghly, of avall,
with exercise

The red blood cell connt the of lable hemoglobin and the hema
tocrit yeading vary mversely with the adequacy of the pulmonary blood flow In
asmuch as there 1s always shght ovygen unsaturation of the artenal blood, even

when the pulmonary blood flow 15 normal or excesstve, there 1s always a shght
wcrease i the red blood cell count, the amount of avaslable hemoglobin, and the
hematocnt reading Polycythemia increases s the ovygen unsaturation of the
artenal blood mereases The red blood cell count 1s frequently between 65 and
75 milhon cells per cu mm When the pulmonary blood flow 1s marhedly re
duced, the red bload cell count may reach 10 mullion and there s a pmpomoml
increase 1n the amount of available hemoglobin and 1n the hematocnt reading
Cardiac catheterization 1s of no great aid m diagnosis It 1s usually pOSSlblc
t0 catheterize the aorta The systolic pressure mn the nght ventricle 1s the same
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Fretre

=24 Truncus arterosus with
reduced pulmonar,
y blood flow Child
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as that 1 the aort1, and the ovygen content of the blood in the aorta 1s usually
hugher than that m the nght ventricle It 15, however, impossible to cathetenze
the pulmon-ry artery direetly from the right ventricle

Angrocardiography 1s of surpusingly Iutle diagnostic ard When the pulmo-
nary arteries nsc directly from the truncus, the dye 1s dissipated so rapudly mio
the two circulations that frequently 1t cannot be traced beyond the right ventn
cle, ind yet there 15 prompt disappearance of the dye from that chamber! When
the airculation to the lungs 1s by way of the bronchial arteres, 1t 15 seldom posa
ble to visualize these vessels accurately Angiocardiography 15 of no aid m the
dhfferentiation of this malformation from a tetralogy of Fallot with pulmonary
atresia, beeause i naither mstance can the dye enter the pulmonary artery m
the normal manner In both mstances dye must reach the lungs by way of the
collaterl circulation An abnormally large aorta,” such as 1s shown n Figue
-2y, 15 strongly suggestive of a truncus artertosus The 1mpression 15 con
firmed by the delineation of 1 small vessel coursing to the lung

DIAGNOSIS

The occurrence of a continuous murmur over the lungs 1n a patient with
persistent cyanosts and evtdence of some cardiac abnormahity 15 almost pathog
nomonic of  truncus arteriosus Thercfore, 1n the presence of a continuous mur
mur, the dragnosis of a truncus arterosus 1s relatively casy ind can be made with
alugh degree of accuracy

The diagnosis 1s based upon a combnation of findings There may be mint
mal cyanosis, no linutation of actvity, nd a loud continuous murmur, there
may be moderately severe cyanosis considerable imitation of activity, and 2
continuous murmur locabized over one particular area 1 the chest, ot finally
there may be mtense cyanosis, marhed clubbing and polycythemia, extreme
Limitation of exercise, and no murmur

The x ray findings are of real aid mn diagnosis The heart 1s slhightly to m{xz
erately enlarged and there 15 1 concave curve at the base of the heart to the clt
of the sternum, the “1ort1 15 abnormally large and arches at an unusually Ingh
level, 1t may arch erther to the right or to the left, m the hular regions no kj‘ 0:
right pulmonary artery 1 visible but numerous fine vascular markings radiat
from the hilar regions, delineation of the esophagus with bannum may or may
not reveal anomalous retro-esophageal vessels The only exception oceurs 1t the
rare instance when both pulmonary arteries arise from the left side of the bas:.
of the common truncus and there 15 a consprcuous ular dance, such pauent
have a confinuous murmur and show little or no cyanosis
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ons o cur 1n combmation with aother malformanon winch causes Ptms:xm
yanosis, the condition may closely simblate 3 truncus IrEriosus Cardize eai d:
erization ot angmcardlogmphy may be necessiry o differentiate the two cond
soms Eather of the tests wall show that the pulmonasy artery arsses from the
ght ventracle, thus excluding a truncus artenous .
Rupture of an anexrysm frons the s of Valsalys 1nto the lesser airculation
2o causes 3 contimeous murmur ‘The murmor, Bowever, usvally deselops
sbruptly i adult ife fusthermore, the murmur 1s best heard aver the precor
duamn, not ener the lungs The conditson usually leads to progressne cardhac en
Jargement and cardiac future
An Ersenmenger complex with aortic msufficiency may be confused with a
Truncus artenosus when the dia tolic element of the cantinuous murmur s maxi
mal ovr dhe bady of the heart The contour of the heart differentiates the twa
condiians In a truncus arteriosus the shadow at the base of the heart to the left
of the sternum 15 concave, except in the rare mstanee 1 which the masn pulmo-
nary antery anses frota the hase of the heart and causes fullness of the pulmonaty
conws Under the latter cireumstances cardiac cathetenzaton may be necessaty
to differenuate the two malformations
Ateralogy of Fallot wth persistent patency of the ductus arteriosus ges es
sentrally the same findings The ranty of such a malformaton 1s shown by the
fact that 1 the authar s expenence every case tn whtch a continuous mursus
was recorded proved at autapsy to be 2 truncus agtenosus Indeed, among the
first 1 a00 patients who had a Blalack Taussig apesation there was not a sngle
sstance of 2 patient aver two years of age with a tetralogy of Fallot in whom the
ductus arterrosus had temamed patent Therefare, although 1t possible 16 bave
a tetealagy of Fallot with persistent patency of the ductus arteriosus, the more
probable diagnoss 1s 1 truncus artersasus
A tetralogy of Fallot and pal, 'y atresia after the obliteranion of the due
fus arferiosus Taay requue differennanon from a pseude wuneus artenigsus In
carly snfancy the contours of the heart 1 these two condstsons ase quite different
In a tetealogy of Fallot with pulmanary attesta the heart 15 esscntialty normal 1n
S Sy by e
there 15 no fullness of the ucl oy B And the contous 13 disuncrie ia chat
out 1o the antertor chest wgll :nﬂna;y Cmusl od e vemuncle exends abrup tly
o s 2 sharp shelf Infants vath a tetralogy of Fallor
pulmonary atressa almost always sutfer from ses ere attacks of
dyspnea whereas most sofants with a truncug artessosus, ajth paroxysmal
s although extremely




308 SPECIFIC MALFORMATIONS

DIFFERENTIAL DIAGAOSIS

When cyanosis 1s mimimal or absent, a truncus arteriosus may requure daffer
entrtion from a patent ductus arteriosus or an aortic septal defect, from penph
<r1l pulmonry stenoses, from « rupture of an ancurysm of the sinus of Valsaha
or cven from an Eisenmenger complex with aortic msufficiency In the presence
of modcrate eyanosis a truncus rterniosus 15 usunlly mistaken for a tetralogy of
Fallot with persistent patency of the ductus arterosus In the presence of ntense
cynosts, 1t may be mustahen for a tetralogy of Fallot with pulmonary atresi, for
1 non funcuoning right ventricle, or even for a transposition of the aorta com
bined with pulmonary atresia

Persistent patency of the ductus artersosus differs from a truncus artenosus 1n
that the ovygen saturation of the arterial blood 1s normal The only excepuon
occurs 1n tarly infancy, when the artenal oxygen saturation may be shightly re
duced, under such arcumstances 1t usually rises to normal with exereise (se¢
Chapter sv) X ray and fluoroscopy show fullness of the pulmonary conus and
conspicuous pulmonary artenies The electrocardiogram usually shows a bal
anced avss Cardne cathetenzation chnches the diagnosis m that the pulmonary
artery, not the aorta, 1s entered from the nght ventricle

An aortic septal defect may be confused with a truncus arteriosus, especally
when the pulmonary arteries anse from a common onifice on the posterior wall
of the truncus arteriosus In a truncus arteriosus this onfice 1s the pomnt of ongi
of the pulmonary arculation, whereas 1n an aortic septal defect the aorta and
the pulmonary arterses anse normally from their respective ventricles and there
1s merely 1 fulure 1n the completion of the aortic septum The differentiation of
these two condttions 1s vatally important, as surgical closure of an aortic septal
defect would restore the heart to normal, whereas closure of the onfice of the
pulmonary artery 1n 1 truncus arteriosus would cut off all arculanon to the
lungs and hall the patient

In both conditions there m1y be 1 continuous murmur over the base of the
heart Cyanosis may be minimal or absent The continuous murmur of an aorti¢
septal defect more closely resembles that of a patent ductus arteriosus than that
of a truncus arteriosus It 1s scldom as foud as that caused by a large ductus af
tertosus In doubtful cascs, cardiac catheterization may be necessary to determine
whether the pulmonary artery or the 1orta arises from the night ventricle s

Pertpheral pulmonary stenoses due to locahized constrictions 1n the bran]cllcﬁh
of the pulmonary arteries M1y cause 1 CONLINUOUS MUrMU Over the lu[ngs ::’S:m
15 closely silar to that produced by a truncus arteriosus When such co
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Freure xn-2;  Pseudo truncus anenosus W 1th a single ventricle

ugial pulmonary artery Inasmuch as alt the blood returned to the heart 1
pumped out through a single great vesse), the occurrence of a single ventncle
daes niot fundamentally alter the course of the areulation, as shown 1 Diagram
xv-3 The bastc chnical findings are also unaltered by the absence of the ventric
ular septum Nevertheless, the occurrence of a single ventricle would be of ex
treme importance 1f total correction of the malformanon were undertaken

TREATMENT

When the pulmonary artenes anse dureetly from the common trunk, the
danger 15 that of excessive pulmonary blood flow and pulmonary hypertension
In certaw nstances wth excessive pulmonary blood flow and a conspicuous hilar
dance, 1f 1t were possible to decrease the size of the pulmonary anfice and break
the pressure ta the lungs, such an operation would benefit the paticnt Fortu
nately, i the vast majonty of patients the pulmonary vessels which anse from
the aorta are smaller than normal and the condinon 1s compatible with a long
and active hfe

If the airculaton to the lungs 1s by way of the small pathways of collateral
crculatton, the primasy difficulty 15 the reduction of the pulmenary blood flow
In such nstances a Blalock Taussig operation may be of benefit In order to1n
crease the pulmonary arculation 1t 15 nat only essential to have g rudtmentary
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cyanotic at birth, do not suffer from parovysmal dyspnea and generally do better
than other infants with a corresponding degree of cyanosts If a patient with 2
tetralogy of Fallot and pulmonary atresia survives the closure of the ducts ar
terosus, the condition 1s funcuonally that of a truncus artenosus, except that the
pulmonary vascular bed 1s normal because prior to the closure of the ductus ar
teniosus the pulmonary artery carricd blood ta the lungs

A non functioning right t entricle causes a square contour of the heart n the
anterior postertor position Exanunation of the heart 1n the left antenor-oblque
posiion differentiates the two conditions 1n a non funcuoning nght ventrc,
the cardiac shadow does not extend forward anterior to the aorta, whereas na
truncus artertosus the right ventricle appears definitely enlarged Furthermore,
n a non functioning nght sentncle there 15 clectrocardiographic evidence of
lefe vas deviation and left ventricular hypertrophy

Complete transposition of the great vessels may occrsionally be confused with
7 truncus arteriosus, bee wse 1n both conditions there may be persistent cyanosss
and reltvely pronounced vascular marhings Tire soon differentiates the two
conditions An infant with 2 complete transposition of the great vessels does
poorly, the heart enlirges, and cyanosts mcreases An nfant with a truncus
arteriosus and mereased flow, if he regains compensation, shows a marhed de
crease n cyanosts and usually develops a contmuous murmur

Transposition of the aorta combied with pulmonary stenosis or atresia 1s
assocrated with 1 large aorta, consequently a prominent aortic Lnob 15 visble
1n the anterior postersor position In the left antertor-oblique position the pulme-
nary window 1s abnormally clear, in the right anterior oblique position the car
dhac shadow causes a sharp shelf like projection from the aorta toward the chest
wall The vascular marhings extend nearly to the periphery of the lungs when
there 15 a transposition of the great vessels and pulmonary stenosis When the
aortn 15 transposed so far to the left that st occupres the posison of the normal
pulmonary artery, the unusual course of the aortx and the clear lung ficlds ad
1 the differentintion of 1 transposiion of the aorta from a truncus arteriosus
(sce Chapter , Section ¢) The presence or absence of 2 continuous murmur 1§
also of great dingnostic umportance Occasionally the climeal differentiation be
tween the two conditions 15 extremely difficult

CONMMONLY  ASSOCIATED MALFORMATIONS

114
Asingle ventricle may occur 1 combination with a truncus arteriosus Fagw
S+
\n-25 15 2 drawng of this type of malformation, i which there was a v
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Diacrars y1v-3

Traneus artersosus and a single venricle

In this malfarmatian there 15 but a single ventncle from which a sple great vessel
the teuncus astenosus anses The blood 1s pumped out through the trupcus arterosus
to the body and by the pathways of the collateral circulavon 10 the Tongs The pulmo-
nary artery if present 1s a blind wbe winch has no connecuon w 1th the truncus ar
tenosus or with the common ventricle

The blood from the nght auncle fows mto the camman ventricle and 1s pumped
out through the truncus anenosus to the systemie cireutation The blood from the
body 15 returned 1n the normal manner by the supenior vena enva and the infertor veaz
canva to the night auncle and thence to the common ventrcle Inasmuchs as the pulmo-
nary artery fls to meet the ventncle and the ductus attenosus 15 absent the only way
for the blood to reach the lungs 15 through the bronchsal artenies or by some of the
other pathways of the colfateral aircufation The blood which does reach the tungs 1s
rerurned by the pulmonary veins 1o the left aundle thence the blood flows 1m0 the
common vennicle There the cycle starts agan

Chnical diagnosts Cyanosts 1s intense. The heart 1s relatnvely normal 1n size but
there 15 no tuliness of the pulmonary conus Duning snfancy the contour of the heart
resembles that of 3 non funciowing nght ventnicle As the child grows older the
contour of the heart changes and becomes simiar (o that of a tetralogy of Fallot with
an extremely sevese pulmonary stenosts The large s12¢ of the aoruc shadow which hes
a lan abnmbma“v hugh level offers a clue 1o the cotrect diagnoss 1 the collateral ar
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runcus arteriosus over ndes the ventrcular septum, 2 Ingh sentncular septal
Jefect 15 an integral part of the malformation Furthermore, since the truncus
cenosus recenes blood from both ventndes, these 18 atways some degrec af
RVGER UNSILRTANON of the arteral blood
The chmeal findings vary wath the adequacy of the pulmonary blood flow
£ the pulmonary blood flow 1s adequate, ¢yanosis is munmal, polycytherma and
oy gen uhsaturation are proportionately shight, and the panent may enjoy a rela
wsely normal hfe Jf the tirculation to the Yungs 1s established through entarged
bronchual asterics, cyatosis 15 moderately ntense and the red blood cell count 15
dsghtly to moderately elevated,, wnder such ecumstances the pauent s capacity
for excrcse 15 modcrately reduced Nevertheless, the condition 1s compatible
wath ife for a number of vears 1f, however, the airculation to the fungs ss by way
of small bronchual artenes or other minute vessels, cyanoss and polycythema
are ntense, the patient s exercise tolerance 55 extremely hrmrted
The heart 15 nsually shghtly to moderately enlarged, the second sound at the
base 23 accentuated but never redupheated The murmurs vary with the ade
quacy of the pulmonary blood flow When the pulmonary blood flow 15 ade
quite or excessive, there 15 a loud conunuous murmur, when it 1s moderately
reduced, the continuous murmus 15 usually localized 10 some specafic portion of
the chest when the pulmonary blood flow 1s munimal, there may be no murmur
X ray and fluaroscopy show shght to moderate cardiac entargement, a targe
aora, a fugh aortc arch, absence of fulless of the pulmonary canus, aad
absence of the normal shadows cast by the pulmonary artenes Usually the lung
fields are clear and numerous fine shadows are seen ta radiate from the hlar
regons The esophagram may show evidence of retro-esophageal v essels
The electrocardiogram wsually shows nght aws devianon i the standard
leads the precordual leads are varable but
trophy of both ventncles
The arcalation time 15 abnormatly shore
Carduac catherenzation and angrocardio
1 the exclusion of ather conditions
The dragnoss 1s based ugon the findin

tungs in a patient with pers
1stent cyanows, combined with
char;
and fuorascopuc findings eerisuc xray

generally show evidence of fiyper

graphy are of diagnostc aid mawly

g of 2 contsuous murmur o er the

In the absence of cyanoss a truncus anenosns may require daffe
from a patent ductus artenasus ot an ortic sepral defect, from pepy }r)cmmmn
monary stenoses from o rupture of an anenrysm of the sm:n n{Vp\c’\P ol pul
an Bisenmenger complex with aortsc msUHinch) In the pm“:;"‘:;»c"’ fom
yanoss,



314 SPECIFIC MALIORMATIONS

pulmonary artery of sufficient size to carry blood to the lungs, but also essenta}
to have a normal pulmonary vascular bed If such 1s the case, since both aundes
are normally formed and both ventricles pump the blood mto the common
trunh, the creation of an artifictal ductus arteriosus increases the pulmonary
blood flow without any sigmficant alteratton 1n the work required of the heat
Under such eircumstances a Blaloch-Taussig operation 1s of great benefit

Unfortunately, in many mstances of a pseudo truncus arteriosus, even though
the pulmonary artery 1s of fair size, the pulmonry vascular bed appears unable
to open up i the normal manner and carry the mereased volume of blood to
the lungs When such 1s the situation, thromboses develop distal to the anastome-
sts Not only does the patient fail to derive benefit from the operation but gen
erally he docs not survive ‘The over alt mortality rate for patents with truncus
arteriosus 1s about 25 per cent Thercfore, 1f the chuld 1s only shightly ncapact
tated, operaton 1s contramndicated

PROGNOSIS

The prognosis depends upon the pulmonary blood flow If large pulmonary
arterices anse directly from the common trunk, the infant may die of excessne
pulmonary blood flow within the first fow days

If the pulmonary artery arises from the truneus rteriosus at a shghtly hugher
level or from a common orifice, the condition may be compatible with relatne
longevity

Indeed, if the collateral airculation 15 such that there 1s a relatsvely adequate
pulmonry blood flow, the prognosts 1s reasonably good Even though the pa
tient 1s cyanotic, there 1s only moderate polycythemia, his exeraise tolerance will
be good and for many years he may enjoy a relatnely normal life

1f the pulmonary blood flow 1s markedly reduced, 1 Blilock Taussig oper2
ton 15 indicated If this 1s successful, the prognosis will be greatly lmpm‘ed
Without operation, the prognosts 1s poor

SUMMARY

A truncus arteriosus 1s the result of an early arrest i the development of the
great vessels, exther the pulmonary artery anses drectly from the base of lh{
common trunh, or a vestigial pulmonary artery fails to reach the aortic trun:
and the arculation to the lungs 15 by way of the bronchial arteries In both ml
stances the blood from the two ventricles 15 pumped out into a common vesse
which directs the blood to the body and to the lungs Both ventricles pump

ch walled Inasmuch as the
aganst systemic pressure, both ventricles are thy
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Anomalous
Arfery
WL Lung

€y ibr (G 48 m Led N kol d

Fietre xiv-26 Hem LIUncus artenosus (S-’lmc paucnt asin
Figures as-28 25) Child

COURSE OF THE CIRCULATION

Daring fetal Ife although the single pulmonary artery goes to only one lung,
so hutle blood flows through the pulmanary artery thar the absence of the other
pulmonary artery places no strain on the fetal arculation At burth the heare 55
normal in size (see Figure Xiv-27)

After birth the blood from the nght aunicle ows wto the nght ventnele and
thence 1s pumped out into the main pulmonary artery and through the single
pulmonary vessel toone lung, where it oxygenated, and returned 1n the normal
maaner to the left auncle The blood fram the left auncle flows into the left
ventricle and 1s pumped out through the aorta to the systermac arculation and
also to the lung, which recewes 1ts blood from the

anomalous vessel that anses
from the aorta This lung, recewves fully oxygenated blood, circulates through the
tung, and 1s then returned to the left aurule The blood

which cireulates through
the body 15 returned 1n the normal manner by the supenor vena cava and the
wnfenior vena cava to the nghtauncle There the cycle starts again (see Diagram
Xtv-4)
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1t 15 frequently mustahen for a tetralogy of Fallot with persistent patency of the
ductus artertosus When cyanosis 1s intcnse, a truncus arteriosus 1s anatomically
and functionally closcly related to that which occurs 1n a patient with a tetralogy
of Fallot combined with pulmonary atresia who survises the closure of the due
tus arteriosus  Neverthelcss, the difference between these two conditions 15 1m
portant because of the difference in the operative ish Occastonally the condiion
requires differentiation from 1 complete transposition of the great vessels with
or without pulmonary atresia or from a non functioning right ventnicle

A patient with severc reduction in the pulmonary blood flow may be greaty
benefited by a Blaloch-Taussig operation, prosided not only that a vesugual pul
monary artery exsts, but also that the pulmonary vascular bed 1s normal and
the pulmonary artery 1s able to direct blood to the lungs 1n the normal manner
The mortality rate from operation 15 approximately 25 per cent

The prognosts vartes with the adequacy of the pulmonary blood flow If the
pulmonary blood flow 1s relatnely adequate, the prognosis 1s excellent When
the pulmonary blood flow 1s severcly reduced, the prognosis may be greatly m
proved by successful surgery

B Henu Truncus Astersosus

In a hemt truncus arteriosus, one pulmonary artery arises directly from the
aorta, as 1t does 1n a truncus arteriosus, and the other pulmonary rtery arses 1ot
mally from the nght ventnicle Although a single pulmonary artery occurring in
combination with various malformations, such as a tetralogy of Fallot, may be
considered as a varant of a hem truncus arteriosus, the following discussion 18
concerned with the condition when 1t occurs as an 1solated abnormality

NATURE OF THE “MALFORMATION

he
“Hems truncus artertosus’ 1s the name given to the condition 1n whuch ¢

heart 1tself 1s normal and the great vessels anise normally but the main pulmo-
nary artery supplies only one lung and the other lung 1s supplied by a vessel
which anses directly from the aorta The single pulmonary artery may god:"
etther the right or the left lung The author has studied one case 1n which ! ¢
pulmenary artery went to the left lung and Dr A Gerard Brom told her of a
case 1n which the pulmonary artery was durected to the nght lung (see Fl%ur:
\v-26) In both mstances the arculation to the other lung was by way ot a
anomalous vessel which arose from the aorta
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CARDIAG FINDINGS

The heart1s normal i size wd shape The heart sounds arc normal There1s,
howexer, a connnions murmur audible over the lung which 1s supphied from the
20rta When the murmur 1 heard on the Jeft side, 1t may be confused with that
of persistent patency of the ductus arteriosus The murmur has a more humming
quahty and 15 usually more & 1dely transmitted than that of a patent ductus at
tenosus

X RAY FINDINGS

The ¥ ray findings are not remarhable (sc¢ Figure xn-28)

ELECTROCARD\OCRAPH!C FINDINGS

The electrocardiogram 15 usually normal

SPECIAL TESTS

Cardsac catheterization shows that the circulation 15 normal Indeed, when
patency of the ductus artenosus 1s suspected, the absence of any increase 1 the
oxygen content of the blood 1n the pulmonary artery gises the clucto
s1s.0f 2 hemi truncus arterosus

An gxorurdmgraplxy 15 dragnostic 1. that one pulmonary artery 1s visualized
with the nght sude of the heart and the other with the left The pulmonary artery

which artses from the nght ventnele fills normally (sce Figure xn-29) but no

dye enters the other lung untl the aorta 1s visuahzed and then only 1f the vessel

1s sufficiently large to permmt opactfication of the putmonary vascular bed

the diagno-

DIAGNDSIS

A hem truncus arteriosus may be suspected when a continuous murmur 15

well heard over the nght lung, especially 1n an asymptomatic patent with
normal left aortic arch When the continuous murmur 1s heard over the left d:1
eft side

of the chest 1t may easily be conf
o y y nfuscd with that of patency of the ductus artenio-

DIFFERENTIAL DIAGNOSIS

The conditx
o [:\d ‘;:En may closcly simulate patency of the ductus artenosu
con dmo?\s e “:‘ ‘°' ‘Pi“Phcml stenoses of the pulmonary artery Al "‘ -
tenzation ;\:;:::Zunc by angiocardiography or by Ca):'dmc : \]CS:
us arteniosus, however, 15 so rare that nesther ofc:l:‘c
e5¢
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Iieure \in-27  Tatal carcuhwion (A) Hemu truncus arteriosus and
(B) normal heart

PHASIOLOGY OF THE MALFORMATION

The entire oxygenation of the blood occurs 1n the lung which recenves
blood from the pulmonary artery The lung which recenes blood from the aorta
1s non functioning as far as oxygenation 1s concerned, but does aid 1t the normal
expansion of the chest and prevents the displicement of the mediastmum The
outstanding phystological change caused by this anomaly 15 the difference 1n the
amount of oxygen tahen up and the amount of carbon dioxide gnen off in the
two lungs Aside from this abnormality, the basic hemodynamucs are normal

1 enous

CLINICAL FINDINGS
The patient 1s gcnerﬂlly asymptomatic ‘The condition 15 usually detected on

a routine physical exammation .
Cyanoss 1s absent There 15 no admture of venous and arterzal blood, the

oxygen saturation of the arterial blood 1s normal
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Diacram \tv-y

Hem triencus arteriosus

The ussennal feature of this malformation 1s that there 15 but a single pulmonary ar
tery which gocs to only one lung  the other lung, receives uts blood from a vessel winch
anses from the aorta

The blood from the rpht aunicle flows 1nto the nght ventncle and 1s pumped out
wnto the pulmonary artery, thence it flows 1o one lung, only In that lung the blood 1s
axygenated 1n the normal manner and 15 returned to the left auncle The blood from
the left auncle flows into the left ventricle and 1s pumped out through the aona to
the systemuc circulation and through an anomalous artery (A A) to the other lung
The fully oxygenated blood thus directed 1o the lungs through the anomalous vessel
passes through the capillanies and 15 returned to the left auncle It follows that all the
blood whach the left auricle receinves s fully osygenated this blood Bows into the left
venwricle and out imto the dorta The major part of the blood 1n the aorta 15 directed to
the systemic airculation and the venous blood from the body 15 returned by the su
penor vena cava and the mferior vena cava to the nght auncle There the cycle stans
again

Clinscal diagnosts "The patient 1s asy mptomatic and shows no cyanosis The heart
1s normal in size and shape A continuous murmur 1s audible aver

the lung on the side
which has the anomalous aircufanon The electrocardiogram 1s normal ¥
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Flovre an-29  Hemu truncus anenosus (same patient s 1
Figure \n-26) Chdd

Chapter xaz) Although the Patient 15 Living on one lung and the other lung 15
of nouse i the oxygenation of the blood, there 1s no ¢y dence that the functionless
lung 3 prone to mfection Actually that lun,

g awds 1 the normal growth and ex
pansionof the chest Hence pacumonectomy 15 contratndicated

SUMMARY.

may be mistaken for paten,

The conditon reqy
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Tieure \v-28  Henn truncus arteriosus (same patient asin
Tgure \in-26) Child

procedures 1s ndicated as a routine to exclude the possibility 1n 2 pauent with
clssic signs of patency of the ductus arteriosus An occasional esplosatory
thoricotomy carries no greater rish than would a routme angocardiogram per
formed on every patient suspected of patency of the ductus artertosus

Penpheral pulmonary stenoses are usually associated wath hypertension 1
the provimal portion of the pulmonary artery This causes accentuation of the
second sound at the base of the heart to the left of the sternum and, furthermore,
the electrocardiogram usually shows a right aus deviation and evidence of right
ventricular hypertrophy

TREATMENT

There 15 none, and none 1s necessary If operation 1s performed for patency
of the ductus arteriosus and none 1s found, the chest should be closed unless
further dissection 1s deemed advisable to rule out an aortic septal defect (sc



CHAPTER XV

A SINGLF VENTRICLE AND A
RUDIMENTARY OUTLET CHAMBER

SINGLE yentricle s the result of an extremely carly arsest sa the deselop
Amcm of the heart It produces an entiely different achutecture of the
sentrictes from that found s any other malformanon *

Furthermore, the fadure of the formaton of the mtersentricular septum 15
frequently assocrated with vaniations 3n the size and posiuon of the great vessels
Father great vessel may be large, ether may be small I addition there may be a
transpasition of the great vessels Consequently there as great varation 1 the
dimucal pictuse The diagnoss 15 correspondingly dufficult and s frequently
soade anly by the exclusion of other conditions Nesertheless, 1t 15 an impomant
malformation

A single ventndle 15 relatnely common when the pnmunve cardiac loop
swings to the nght mstead of developing m the normal manner with the apex
of the heart pounting to the left Hence 1t 15 common m patients with dextrorota
uon of the heart A single ventncle, howener, may accur when the heart accupies
s normal pasition

A brief restew of the embryology will help to clandy 1ts nature.

EMBRYOLOGY

When the primitive cardiac tube bulges forward and swings to the nght, the
anterior portian of 1t becommes the bulbus cordrs and the postertor part of the foop
forms the common ventncle A single great vessel arzses fram the bulbus cordis
Normatly, as the heart develops, the ndge which separates the bulbus cordis
from the common ventricle atraphues Comerdentat y with the di. ce of
thus nidge the aortie seprum develops and divides the aortic trunk x;;o the aart;
and the pulmorary artery At the same time the development of the ventrycul .
septurn divides the common sentricle 1o two chambers “The postersp; o
of the common ventricle becomes the left ventricle, from which the ao; P
the lo‘; :g portion of the bulbus cordss expands and fuses with the :mtc;::rr l;f:r’
on ol € COMMOon v

e nentricle to form the nght ventncle, from whch the pulmo-

1n the malformation under discussion the ventricular septum Fasls to deyelo
P
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tricle to one lung only, wnd no dye reaches the ather lung untl after the a0
has been visualized

A hem truncus artenosus causes no difficulty and requires no treatment In
deed, pneumonectomy 1s contraindicated

References

1 Humphreys, £ M Truncus artenosus communis persistens cntena for idenufication
of common artensal trunk, with report of a case with 4 semulunar cusps  Arch Pah.
14 671-700, 1932

Chnsteller, L Funktionelles und A hes ber der anget Verengerung und
dem angeborenen Verschluss der Lungenarterie, insbesondere Giber die artenellen hol
lateralbahnen ber diesen Zustanden  Virchows Arch f path Anat 223 yo-57 19161,

3

3 Whie,P D Personal communication

4 Collister, R M Collatesal Circulation n Stenosis of the Great Vessels  Laden, Un
peveny Pompe, 1952

5 Colhster, R M ] Dankmeyer H A Snellen and W H v in der Wel Rontgenonder
zoch van Hartmusvormungen  Ned Thyydschnft v Geneeshunde | vol gy part 3 20
34 p 2504 1951

6 MacGilpra H H Jr  Truncus arteriosus commums persistens  Am Heart ] 39 61y

625, 1950

Tuwm C  Dic Blutbew cgung n der Aorta Rontgenhinematographische Untersuchun

gen mit Zentdehnung an Ratzen und Hunden  Arch £ d ges Physiol 249 -61-2,9

1947

8 Reynolds S R M F W Light Jr G M Ardran and M M L Prichard  The qual
tatne nature of the pulsatle flow 1n the umbihical blood vessels with obscr:ations on the
flow inthe aorta  Bull Johns Hophins Hosp g1 83-104 1952

g Danclius G Absence of the hilar shadow a diagnostic sign in rare con,enital cardae
malformations (truncus arteriosus solitinus with heterotopic putmonary blood suPPIY)
Am ] Roentgenol 47 870-876 1942

~



2V SINGLE VENTRICLE 327

casionally both vessels may arise from the diminutive chamber, more often there
15 2 transposnion of the great vessels Under the fatier eircumstances the aorta
anses from the dimunuene chamber and the pulmonary artery from the com
monventncle Ordinanly the vessel which anses from the rudimentary chamber
1s diminutive in s1ze and that which anses from the common ventricle 15 of nor
mal size or enlarged It 15, howeser, theorencally possible for the pulmonary
artery 10 be stenonc when 1t ansses from the common ventricle

The malformation 1s fusther compluated when a transposition of the great
sessels s combined with the anomalous wserteon of the chordae tendimneae of
the tricuspid valve along the base of the rudimentary outlet chamber 1 such a
manner that the blood from the nght auncle 1s directed prmantly mto the rudt
mentary chamber and hence to the trinsposed aorta Figure w2 shows a drass
ing of such a speamen and Figure v~3 shows the manner 1n which the blood
15 directed from the two auncles mto the common ventncle and out nto the
aorta and the pul yartery This combmation of tes, whach was re

ported by Lambert 15 termed the Lambert heart The matformation 1s not rare,
1 produces a distinctin e chinical picture

Arrou thry -
Tricoetd qeafice PR
~ wlo sl ek

Freure a2 Single ventricle {Lamben heart) (same Ppatient a
Figires a3 §, 9) Child "
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development of the hort iy oscnr s carly it hoth great ves ey e from
the per s et butbus condss, o5 anc oy are from the common vostrm e md
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castonally both vessels may anise from the diminutne chamber, more often there
1s a transposition of the great vessels Under the latter arcumstances the aorta
anses from the dumnutive chamber and the pulmonary artery from the com
monentacle Ordinany the vessel which artses from the rudimentary chamber
15 duminutne 1n size and that which arses from the common ventricie 1s of nor
mal size or enlarged It 15, howeser, theoreucally pasible for the pulmenary
artery tobe stenotic when it arises from the common ventncle

The malformation 1s further comphicated when a transposition of the great
sessels 1s combined with the anomalous msertion of the chordae tendineac of
the tncuspid vatve afong the base of the rudimentary outlet chamber n such a
manaer that the blood from the nght auricle 1s directed primanly mto the ruds
mentacy chamber and hience to the transposed aorta Figure w-2 sfiows a draw
ing of such a specimen and Figure -3 shows the manner 1n which the blood
15 durected from the two auricles mito the common ventricle and out mto the
aorta and the pulmonary artery This combination of anomahies, which was re
ported by T ambert 15 termed the Lambert heart The malformation 15 not rare,
it produces a distinetn e chimcal pcture

[
RGN

i _ ‘
16LRE 22 Single ventnide (Larabert heary

Figures 23 8 9) Chylg ) (same pouentas n
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Ficure \v—3  Single ventacle (Lambert
heart) (same patient as 1n Figure \-2)
Child

>
~ Mitrat
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The arrest i the development of the ventricles may or may not be associated
with a milformation of the aunicular septum If the auricular septum develops
normaily, the heart 1s a triloculate one or cor tridoculare buatriatum (three-cham
bered heart wath one ventricle and two aunicles) Under such circumstances the
mutr1l nd tricuspid valves open into the common ventnicle If, on the other
hand, there 1s an arrest 1n the desclopment of the aurcular septum so that it,
too, fails to form, the resultant malformation 1s a cor biloculare, or a biloculate
heart with a single auricle, a common atrioventricular valve, and a smgle ven
tricle

COURSE OF THE CIRCULATION

During fetal life, although the structure of the heart 1s extremely primitive,
1t suffices to meet the needs of the fetus Inasmuch as the lungs are of no func
tional importance, 1t mahes little difference which of the great vessels 15 gnen
off from the diminutive chamber and which from the common ventricle At
birth the heart 1s normal in s1ze

After birth the fact that one of the great vessels 1s diminutive i size has a
profound effect upon the circulation The bloed from the night auricle flows
through the tricuspid valve mto the common ventricle and the blood from the
l¢ft auricle flows through the matral valve into the common ventricle Therefore,
regardless of the structure of the 2ricular septum, there 15 complete admixture
of the venous and artertal blood 1 the common ventricle As the ventricle fills,
blood also flows mto the rudimentary chamber Consequently the same admi¢
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ture of venaus and antenal Hlood 5s pumped out 15to both great ‘“S;IS lﬁ b‘:;‘:
greanyessels anse from the dungautive chamber and are 1‘1’11""""{"“tc )h“‘; s #
sz, nppm,umatcly the sarae volume of blood s pumped ous thraugh the p
manary anery 10 the fungs a3 3 pumped out theough the dora (o the systepc
crcolation "The blopd from the fungs 1s returned by the pulmonary sems 1o the
left austele and the blood from the body 15 rerorned by the superior and wferior
venae cavae to the right aunde The blood from both auncles aguin fows snto
the common ventncle Inasmush as the pulmonaty blaad flaw 1s approumately
exqaal 10 the systernic bload flow, these may be no wisible cyanosis Frequently,
however, a relatn el smalk volume of blood reaches the fungs for ovygenation
and the sysicmie arculanon 1s 2o meager, esefose the mfant shows persistent
cyanass {see Diagrasn xv-1)

As 2 rule, one great sessel 15 gawven off the mam ventsicle and the other oft
the rudunentary chamber, and furthermore the vessed which 1 gnen off the
satn chamber 15 wswally the larger of the twa Consequently, ahthaugh the
caurse of the reulation 15 fundamentaily the same, owing to the difference 1
the size of the two vessels, the resultant admywtere of venous and anenat blood
15 quste different

When the pulmonary artery arises from the man ventecle and the aorta
from the radimentary chamber, 2 Jarge volume of blood 1 directed ta the Yungs
and a relatisely small amount 3s directed to the body Henee a large amount of
fully axygenated blood 15 returned to the feft auricle, whereas a relatwely smalt
arnount of enous blood 1¢ returned to the nght aunde Consequendy a large
valume of oxygenated bload 1s muxed with a smalt amount of venous blood and
the resultant admuxtare 55 above the threshold of visible csanosis {see Diagram
xv-2) Cyanous s dosent
cumstanees the pulmonary ar{cr cn:l mtiog s qute difeecac Undes such o
may he stenouc Thus the bod: yre:::vts "mgut“: o e pulmanary onfics
blood but only 2 smaft «clume oz blood au:: 2 UL or excesine solume of

goesto the lungs Hence a small volume
of oxygenated blood 1 returned to the Jeft auncle to ma with a lar 1
:tr:;us bl;:od (Ctl;mcd froms e body by the superior and mf:nof :::;T:«:i
0 the nght auride Hy
v i - 2:::2 ;);Zio;; ; ::tm;c {see Diagsam t~3)
w10 o} e chordac tencinam of o 2’: 7 mmb)mn{ wirh the anemalous s
mentary chamber the stmation 15 salf fur:::flit‘: ‘Ic into he s of the ruds
plicated Under such arcum
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Tioure wW-3  Single ventncle (Lambert
heart) (same patient as Figure w-2)
Child

The arrest in the development of the ventricles may or may not be assoctated
with a malfermation of the auncular septum If the turncular septum develops
normally, the heart 1s a tnloculate one or cor triloculare biatriatum (three-cham
bered heart with one ventricle and two aunicles) Under such circumstances the
mutral and tricuspid valves open into the common ventnicle If, on the other
hand, there 1s an arrest 1n the desclopment of the auricular septum so that it,
too, fails to form, the resultant malformation 15 a cor biloculare or a hiloculate
heart with a single auncle, a common atnoventricular valve, and a single ven
tracle

COURSE OF THE CIRCULATION

Duing fetal life, although the structure of the heart 15 extremely pnmutive,
1t suffices to meet the needs of the ferus Inasmuch as the lungs are of no func
uonal importance, 1t makes litele difference which of the great vessels 1s given
off from the duminutive chamber and which from the common ventricle At
barth the heart 1s normal an size

After birth the fact that one of the great vessels 1s diminutne 1n size has a
profound effect upon the arculation The blood from the nght auricle flows
through the tricuspid valve 1nto the common ventricle and the blood from the
left auncle flows through the mutral valve 1nto the common ventricle Thercfore,
regardless of the structure of the auricular septum, there 1s complete admixture
of the venous and artersal blood 1n the common sventricle As the ventricle fills,
blood also flows mnto the rudimentary chamber Consequently the same admix



1
XV SINGIE VENTRICLE 33

DiacraM -1

Single auricleand a single centncle witha
rudtmentary ontles chamber froni & hick
both great vessels arise

In this madformation the supcular septum 1s so Tudimentary that there 15 but a single
large aunde Both the tncuspid vabe and the mutral valve may be present of there
may be a common anovenwnicular valve whuch opens 1o the venteecle There 1s but
asingle venuicle with a rudunentary outlet chamber from which both the pulmonary
artery and the aorta anse The great vessels are dimnutis 1 size

The blood from the common auncle flows into the commo ) yentncle Inasmuch
as both great vessels anse from the rudimentary oudct chamber, it the blood from
the common s emtnicle must be forced from this small chamber 1nto the aorta and the
pulionary artery Since hoth great vessels anse from the same chamber, the pressure
1n the 20rta and the pulmonary antery 15 the same The blood which 1s pumped into
the aorta goes to the systemic arrculation and 15 returned by the superior vena cava
and the infenior vena cava to the nght side of the auncle. The blood which 1s pumped
inito the pulmonary artery goes to the lungs, where it 1s oxy genated, and 15 returned by
the pulmonary veins 1o the left side of the auncle There the ¢ycle starts agan

Clinical diagnosis 1s based upon the contour of the heart ‘The s1ze of the heart 15
not gready altered but the rudimentary autlet chamber catses a promunence of the
pulmonary conus 1n the anterior posterior posiion 10 the left antenor-oblique post
uon howeser there 15 no enlargement of the right sentricle "The increased pressure
1 the ventricle 1s transtmtted to the auncle and thus, 10 turn, causes dilatation of the
superior vena cava

There 15 complete admuature of the venous and artersal blood tn both the common
auncle and the single ventncle Purthermarte inasmuch as the two great vessels are
of equal size approximately equal volumes of blood are directed 1o the pulmonary and
az(:énixc creculatiens there s persistent cyanosis The mechamsm for pumping the
T w;‘:;; Z‘:;':’g{:;:::dc ;l;mugh the rudimentary outler chamber 15 nefficient

patible with fife for more than a few months
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Diagrad \v~1

Singleauricle and asimgle o entricleantha
rudimentary autlet chamber from st hich
both great vessels anise

1o this maformation the auncular septum 1s 50 Tudurentary that there 1s but a single
large aunicle Both the tricuspid salie and the muteal salie may be present or there
may be 2 common atnoventricular vahe which opens 1nto the ventricle. There ss but
2 single ventrncle with & rudsmentary outlet chamber from which both the pulmonary
anery and the aorta arise. The great vessels are dimunuenve 1 size

The blond from the common suricle flows nto the commo ventncle Inasmuch
as both great vessels atise from the rudumentary outlet chamber, all the blood from
the common yentricle must be farced fram this small chamber 1to the aorta and the
pulmonary artery Swnce both great vessels anse from the same chamber the pressure
1n the 2oma and the pulmonary artery 15 the same The blood which 15 pumped o
the aprta goes to the systemic wrealaion and 15 rawrmed by the supenor vena cana
and the nfenos vena €212 to the right side of the aunicle The blood which 15 pumped
sato the pulmonary artery goes to the lungs where 1115 ovygenated and is returned by
the pulmonary yeins 1o the Jeft side of the auricle, There the cycle stans apain

Cluncal diagnoss 1s based upon the contour of the heart The size of the heart 1s
not greatly altered but the rudimentary outler chamber causes 2 prommaence of the
pulmonary conts 1 the aptenior postenor poson 1 the deft anienor-oblique post
ton however there 18 no enlargement of the right tentacle The wereased pressuse
i the veotricle 15 transmitted to the auncle and this 10 turn causes dilatation of the
SUperoT sena cna
e i el b oo
of equal size approumately e ual\olur::sao?b;mfimum @ the two reat vescls are
svstemic arculattens d\c(Z \j ysastent o ﬂ}r‘c drected 0 the pu)mon.‘xry and
Blood from the angle \znlnclc}();mu > ;)amms The mechamism for pumping, the
The conditian is rarel Bh the Tudimentary oulet charaber i saclficient

ely compatible with Lfe for more than a few months
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Astenal 1 bload (fully saturated) \\ Cyanows ws ble
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Small admuxeure of venous blood \\\ \ enous blood
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Diacram -2

Singlesentncle nsth arubimeniary outlet chamber
Jrom which the aortaarises

I this malformation these ase two aunicles and a single vemncle with 2 wdxmcx;;uy
outlet chamber ‘The great vessels are transpostd The pulmonary artery anses a)m
the mam sentrcle and 1s of normal size the aorta anses from the duminutive outlet
charpber and 1s of smalf caliber
“The blood from beth auscles flows 1ote the common entricle As the comman
ventnde fills the biood fiows 1o the rudimentary outler chamber The blood {rom
the common ventnicle 15 pumped 1nto the pulmonary attery and that from the ruds
mentary chamber 1to the aorta The blood i the pulmonary artery flows to the fungs
and the oxygenated blood 15 rewurned by the pulmonary veins to the left auncle The
blood 15 the aorta flows 1nto the systeme crculation and 15 returned 1n the normal
fashaon by the superior and snfenor venac cavae to the nght auncle Regardiess of
whether ot not the auncular sepum 1 sufficcatly well developed to prevent an ap-
precsable admuxture of the blood 1n the twa auricles, there 1s complete admixture of
venous and artenal blood 1n the tommen ventncle. Inasmuch a8 the pulmopary antesy
15 Yarger than the aona and 3s given off the common veotradle, a far greater volume
ot blood flows to the lungs than to the systermic circulation. Furthermore, the blood is
pumped to the lungs under systemic pressure, heace there 15 severe pulmonary hyper
tension Nevertheless the volume of oxygenated blood returned to the left auncle 1s
Yarger than the volume of venous blood returned to the nghe auricle, Usually the 1ol
ume of oxygenated hlood rerurned from the uags 15 suffinently great so that there 1s
nowsble cyanosis
Chacal deagnosts 1s based upon the contour of the heart, In anfancy, i the an
tenor posteror pasition the rudwnensary omlet chamber causes a promincnce in the
«¢gion of the pulmonary conns In older children this chamber 15 no longer visible and
:::‘:"::::‘il:‘vc :‘ ﬂ:ﬂ;g In i}))oth 1nstances, in the left antenor-obhque position,
geraton of the }ilarcsx;z:iow: :illi :::mICk 1“ ;‘lddm‘m, thete ss iually great cxag
imon . e large solume of blood flowing through the
P ary arculauon Clubbing and cyanoss are absent Murmurs may of may not
b;prcxcm and are of no diagnostie aad The clecuamrd.mgram 1s vaniable but may
t;o;rla cl:e to the diagnosss i that there 1s often 2 discrepancy bevween the axs denia
prcmrrl d(xa; lu:;:!ard leads and the evidence of yentricular bypenuophy i the unipolar
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Diacrart \v-=3

Single Lentricle witha rudimentary outlet chamber
from whick the pudimonary ariery anises

Thus malformation represents an early acsest w the dev copment of the heart There
s but a5 ngle ventrcle wath a rudimentary outlet chamber ‘The aorta hes more pus
ersotly than does the pulmonary attery Tt 1s goen off the common ventrscle and 18
of niormal size, whereas the pulmonary artery 1s given off the rudimentary chamber
and 1s of smafl caliber

The blood from the nght auricle togsther with that from the lefe auricle passes
through dhe atniosentricular valve into the common ventncle as the common yemncle
flls blood also flows into the rudsmentary cutlet chambet The blood 1n the common
sentricle 15 pumped nto the aorta and that m the rudimentary outlet chamber 15
pumped 10to the pulmonary artery The blood m the aorta flows 1nto the systemic ar
culation and 1s returned in the normal fashion by the supenior and infenior venae casac
to the nght auncle The blood 1n the pulmonary artery flows 1nto the luags and s re
turned by the pulmonaty veins to the Jeft auricle There the cycle starts again

Inasmuch as the dorta 1s large and anses from the common vemncle and the pul
monary artery 13 small and recenes only the blood from the rudimentary chamber a
much greater volume of blood goes to the svstemic aircwlanion than goes to the lungs
tor oxygenation Hence the volume of venous blood returned to the nght aunicle 1s
targer than the volume of oxygenated blood returned to the left auncle Thus in the
comman ventrrcle there ts admunture of a large volume of venous blood with a smal)
solume of oxygenated blood Cyanosis s tntense.

Clinical diagnosts 15 based upon the finding of persistent cyanosis and a heart wih
a contour which s essentially the same as that 1n other cases of 2 angle ventricle with a
rudimentary outlet chamber In infancy the heart s 5o enlarged, nevertheless 1n the

anterior postenor position there 15 prominence of the pulmonary conus, but 1n the left
anterior-obhique posuon there 1s no enlarge

ement of the nght ventricle In alder chul
il
dren the of the p ¥ coaus

ppears and the contour of the heant
resembles that of an extzeme tetralogy of Fallot Cyanosis 15 1ntense The conditon 15
usually corspable wath hfe for anly a few months
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stances the blood from the right auricle 1s directed mainly to the rudimentary
outlet chamber and thence directed 1nto the transposed aorta The blood from
the left auricle 15 directed 1nto the common ventricle Consequently even though
the pulmonary artery may be greatly enlarged, the systenuc circulation recenves
manly venous blood The patient will be intensely cyanotic The course of the
cireulation 1s shown 1n Diagram xv-4

PHYSIOLOGY OF THE MALFORMATION

The two features of the common ventricle which affect the physiology of the
malfermaton are the free admuxture of venous and arteral blood 1n the com
mon ventricle and the common ejectile force wath which the blood from the
ventricle 1s pumped 1nto both great vesscls Thus there 15 always some oxygen
unsaturation of the arterial blood and, except when there 1s pulmonary stenosss,
there 15 always pulmonary hypertension The high pressure with which the
blood 15 ejected 1nto the lungs eventually leads to intimal proliferation which
causes progressive narrowing of the pulmonary vascular bed and thereby mn
creases the pulmonary resistance Thus over a period of years less blood 1s
pumped through the pulmonary circulation and more blood 1s directed mto the
aorta This means that the volume of blood which reaches the lungs for oxygena
tion 1s decreased, hence a smaller volume of oxygenated blood 1s returned to the
left auricle and the ovygen content of the blood 1n the common ventricle 15 pro-
portionally reduced Consequently, although a progressively greater volume of
blood 1s directed to the systemic circulation, the ovygen saturation of the arterial
blood 1s gradually reduced As the oxygen unsaturation slowly increases, cyano-
sis, even 1f not imtially obvious, sooner or later becomes apparent and gradually
deepens These changes, however, take years to develop Needless to say, in the
presence of pulmonary stenosis, pulmonary hypertension never develops

CLINICAL FINDINGS

Inasmuch as a single ventricle may be associated with decreased or increased
pulmonary blood flow, and furthermore the increased pulmonary blood flow
may be associated with an anomalous insertion of the tricusprd valve of such a
nature as to direct venous blood to the aorta, the climcal mamfestations are
protean

The hustory s often sigmificant Infants who show no cyanosis frequently suf
fer from bronchitis and pneumonia Moreoser, owng to the rapidity of the
resprations and the congestion 1n the lungs, the condition 1s frequently musdiag



Vv SINCLE VENTRIGLE 337

1€ there 1s sesere pulmonary stenosis ot funcuonal puimonary Sms;:':x;z‘
fant will suffer from sesexe attacks of parox) onat dy pries 5 ‘h““ “c“ bes or the
sus undergoes obls cation When ibe pulmoniny e * Sm:: 2 ‘\‘\Z mfant
pulmonary orifice onty shghdy steaoua althongh €panosis 15 IAENSE,
does better than would be expecred from the intensicy of the cyanosts
Growth and developmens ave wsually retarded e ab
The appearance of the pauent may suggest the custence of a cardac ai
noemality The child who shows o cyanosis frequently has a gracile habitus
because of the large pulmonary blood flow and the small and rapsd systemic
flow Consequentdy, even theugh the oxygen sawrstion of the arteral blood s
nearly normal the systermic circulation 18 sary ed
Tie presence or absence of cyanosss depends upon the volume of blood which
reaches the Jungs for oxpgepanon and the valume of venous blood which 15 &
rected mto the aorta This, m tur, depends upon the size and posinon of the
pulmonary artery and the relatson of the trcuspid valve to the rudimentary out
let chamber When the pulmonary artery anses from the rudimentary outlet
chamber, 1t 15 usually of smalt caliber and may be stenotic or even atretic at ats
base Under such circumstances anly a small volume of blood reaches the lungs
for oxygenation and a small volume of oxygenated Hlood 15 mixed wth a large
volume of venous blood Cyanosts 15 1ntense
1f, howeser, there 15 a transposition of the great vessels, so that the pulmonacy
artery 15 given off the mamn ventnicle, st 35 usually of normat cabiber, and the
aorta which anses from the rudimentary chamber, 15 of small caliber Under
such aircumstances a greater volume of blood goes to the Jungs for axygenauon
whan 1o the systemzc arculation Hence a Yarge volume of oxygenated bload 1s
muxed with 2 relavely small volume of venous blood There 1s usually no “vas
ble cyanous
When here s a Lambert heart, that 1s, when 2 com plete transposition of the
great vessels 35 combined with an anomalous msertion of the wicnspud valhve of
:Kh a nature that the major part of the venous bload from the nght auricle 1s
hrected tata the rudimemory outtet chamber and thence nta the aorta,
though che pulmonary blood flow 15 lay .
In brief, cyanosss 1s alway
flow bur may

even
3¢, the patient will show intense €yanosis
s present of there 15 decreased pulmonary blood
be present when the pulmonary blood flow 35 excessive Under the
stances the pulimonary artery anses postenorly from the main ven
€ owctirrence of cyanasts s due 10 the anomaloys msertion of th
alve which directs the blood from the nght aundle ito th \
mentary outlet chamber e ruds

fatter crcum,
tricle and th
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DiscaM w—i

Single v entricle with arudimentary ontler chamber
Jrom s hich the transposed sorsa arises
(Lambert hears)

In thus matformation there are two auncles and 2 smgle venaticle with a rudimentary
outlet chamber and the great vessels are wransposed There mav or may not be an
aunicutar septal defeet. The moteal valve opens ata the single sentnicle and the chordac
tendinese of the tncuspid vafve are atached ta the w ail of the outlet chamber
Quing to the abnormality of the tncuspid valse most of the blood from the night
surcle 1s directed 1nto the rudimentary outler chamber and thence 13 pumped out
through the aorta to the systermic curcufaiion and 1s agan returncd by the supenoc
vena cava and the mferior vena cava to the nght aurcle The blood i the left aunicle
flow s theough the mural vale 1nto the common ventnele A Jarge volume of the blood
in the common ventricle 18 pumped out through she pulmonary artery a the lungs,
wheze it 1s oxy genated and retutned by the pulmonary yems to the Jeft aurcle thence
1t again flow s 1ato the commen ventncle Nevertheless since there 1s a common ven
tricle some of the blood which flows thraugh the tncuspid vakhie flows inco the com
men semnde and some of the blood 1n the common ventnicle 1s pumped 1nto the
sudimentary chamber and thence out imto the aona Thercfore although there s a
transposition of the great sessels and a darge proportion of the venous blood 1s pumped
autinto the aorta. there is considerable muwng of venous and artenal blood sn the com
mon ventricle The ongn of the pulmonary attery from the comman ventacle causes
severe pulmonary hypenension
Clinical diagnosis Cyanosts 1s tatense and dates from barth Nevertheless there 1s
some constant crossing of the twa circulations 1 the common veateicle hence the
patrent 1s not as fumited as might be expected from the nte asity of the cyanosts Fur
thermore the condition ss relatnely stable and campatible wath hie for a number of

vears The cluld does nox squat when tred The heart 15 shightly ealarged but there
¥ o progressive cardiac enlarg

ement "There 1s absence of fullness of the puimonar
conus bt the pulmonary vastulanty 1s miarhedly sncreased and there maypbc a hxl?;
dance The electracardiogram frequently shows a discrepancy betneen the axis desta
ton mdLh; ;lasdud teads and the evidence of vemmeutar hypertrophy 1 the unipolar
precordial leads Pulmonary hypertension increases
gressive incapaaity in early adult Lfe e 952 and wally caves pe
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Clubbing of the extremties 1s directly proportional to the cyanosis I the pa
tient shows no visible cyanosis and the red blood cell count 1s but shightly cle
vated, clubbing 1s absent If cyanosis and polycythemra are marked, clubbing
develops atan carly age

The exercise tolerance of the indwvidual varies with the oxygen saturation of
the arterial blood Nevertheless, since the patient 1s able to ncrease the pulmo-
nary blood flow with exercise, his tolerance 15 better than 1s expected and he does
not squat when tired For ths reason, the possibility of a single ventricle should
be considered when a child who 15 mtensely cyanotic has a fair exercise tolerance
Nevertheless, over a pertod of years the patient gradually becomes progressively
more 1ncapacitated

CARDIAC FINDINGS

Inasmuch as the structure of the heart 1s bastcally the same 1n all types of a
single ventricle, the cardiac findings are stmilar

The hears at bueth 1s normal m size The rate of enlargement 1s erdinanly so
slow that only when the malformation 1s compatble with Iife for several years
1s there any demonstrable cardiac enlargement Furthermore, a balance 1s usu
ally established, hence progressive cardiac enlargement, 1f 1t occurs at all, occurs
extremely slowly

Murmurs are vanable During the first months of life a murmur may or
may not be present In childhood 1t 1s common to hear a precordial systolic nur
mur which may be maximal at the apex Sice there 15 no shunting of blood
from an area of hugh pressure to one of low pressure, the murmur Yacks the
rasping quality so characteristic of a small ventricular septal defect There may be
both a systolic murmur and a low putched, blurred mud diastolic murmur, thus
the murmurs may resemble those of acquired rheumatic heart disease * Further
more, a gallop rhythm 1s frequently heard The transmission of the systolic mur
mur 15, however, not that of a mitral insufficiency and exeraise fails to bring out
1 true crescendo presystolic murmur

The second sound over the pulmonary area 15 usually accentuated If the pul
monary artery 1s normally placed, the pulmonary hypertenston causes accentua
on of the second sound In cases of complete transposition of the great vessels,
the aorta occuptes the posttion of the normal pulmonary artery and hence the
Jlosure of the aortic valve causes the second sound to be louder to the left of the
sternum than to the nght Thercfore, regardless of the presence or absence of
cyanosts, the second sound at the base of the heart to the left of the sternum 15
asually accentuated Itssalso frequently reduplicated
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Cardac farlure 15 Prone to 0ccut when there 15 escessiie g:rc:lhm:: ::dlll;z
lungs As the enlargement occurs extremely slowly, there m:;y chron: i
falure for many years In patients wheo show no cyanosss, ¢ x;: pctsm:)no e
failure may lead to the dragnosis of an insidious cheumatic in ca:u‘;)n1 ng, s
of the fungs and engorgement of the liver commonly occur, and there m y
cdema and eren ascites ) by culd

The knowledge that the cardsac difficulty dates from nfancy or early "
hood, together with the absence of asther history or symptoms of acute rheu
matic fever, ards 1 the recogriion of the nature of the cardiac difficulty Upon
observation over a penod of years there 152 stuing duscrepancy between the ap-
parently precanous compensation, combrned with the poor quality of the heart
sounds, and the absence of any progresston of sym ptoms

X RAY AND FLUQROSCOPIC FINDINGS

{t 15 the shape of the heart which frequently gives the chuc to the dagnosis
The fact that the archutecture of the heart 1s the same regardless of the position
of the great vessels means that the contour of the heart 1s the same

In this malformation there 15 a stnking tendency for overexpansion of the
lungs and dep of the diaphragm C ly the chest1s Jong and nar
row and the contour of the heart1s also long and narrow

Inasmuch as the rudimentary outlet chamber occupies the position of the
normal outflow tract of the nght ventncle, i carly infancy there 15 a conspieuous
bulge m thus region Therefore, m the antenor pastenor position, although the
hieart i not enlarged, there 15 prominence of the second curve to the left of the
steroum, which suggests that the nght ventncle 1s huge In reality there is no
nghtventnde, it 1s only a diminuuse chamber Tt follows that the o ght ventncle
cannat be enlarged The findings 1 the lefe antertor-oblique posion confirm
this fact the night ventricle does not project toward the anterior chest wall be
yond the margin of the aorta These findings, as shown 1n Figures xv—4 and s,
demonstrate thar the exaggeration of the shadow scen 1 the anterior posicno;
position 1n the region of the pulmonary conus 15 not caused by a huge nght ven
tncle 123 m reality due toa rudimentary chamber

fmﬁi‘:‘;ﬁ:i‘:x::’:;ﬁ;:tafhti;:;z; :r:’ ;:rml:u' when both great vessels anse
the dimnumne charber and the other ar fonty one gret el anses from
15¢s from the common ventricle (com

pare Figures xv-4 6 and 7), the hdlae shadows may ciffer greatly Wh
gu)mcmry artery avises from the common ventnicle there xsin ch:ssu :}’)‘10‘3
0w to the lungs, which m turn causes marked pulmonary congestion (see Fig
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Anterior posterior position

tary

A

[

Left antcrior-oblique position

Ficure w—4  Single ventricle wath a rudimentary outlet chamber from
which the pulmonary artery anses Infant
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LEFT ANTERIOR-OBLIQUE POSITION

Fiotre -  (A) Singleventncle wath a rudimentary outlet chamber and
(B) normal heart Infant

ures a7, 8, and 11) When the pulmonary artery 1s dumsnutive, the hilar shad
ows are mummal Frequently, however, cardiac fabure occurs carly and by the
tme the patient comes under obsersation there may be congestion 1 the lungs
The contour of the heart changes appreciably with the growth of the indiid
ual Asthe chuld grows, the draphragm descends <ull further and the apex of the
heart rotates downward and mward When this occurs, the promnence of the
pulmonary conus, which was caused by the rudimentary outlet chamber, dis
appears. the contour of the heart comes to resemble that of a tetralogy of Fallot
(compare Figures xv-8, 9 and 10 with Frgures vi-ry and 18) or that of 3 trans
position of the great vessels with pulmonary stenosis (see Figure x-26)
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Fieure xv-6  Single ventricle with a rudimentary outlet chamber from which
both great vessels anse Infant

If the pulmonary artery arises from the common ventricle, the pulmonary ar
tery 15 generally large and the pulmonary pressure 1s increased, consequently
hular pulsations are readily discernible It 15 the occurrence of greatly mcreased
vascular shadows and a conspicuous hilar dance, combined with a concave cune
at the base of the heart to the left of the sternum, wich indicates that the pul
monary artery 1s transposed (see Figures xv-8 and 11) These two \ rays show
the basic contour of the heart 1n a child with a single ventricle and posterorly
placed pulmonary artery Nevertheless, the child whose x ray 1s shown 1n Figure
\v-8 was ntensely cyanouc, whereas the one whose \ ray 15 shown i Figure
Xv-1I Was not cyanotic

‘When the aorta arises from the common ventricle and the pulmonary artery
1s diminutive 1n size, there 15 no prominence of the pulmonary conus, and there
15 no increase 1n the pulmonary vascularity Indeed, the lungs may be exception
ally clear Under such arcumstances the radiologcal findings, as shown mn Fig
ure xv-12, may closcly resemble those of a transposition with pulmonary steno-

sis Compare Figures xv~12 and 26
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Fioume -7 Single ventnicle witha rudimentary outlet chamber from which
the aorta anses (same patient as sn Figure av-x) Infant

Examnation m the left anterior-oblique positson may show that the strasght
anterior margn of the cardiac silhouette has disappeared by the time the panent
reaches Jate childhood or early adolescence The vascular markings vary with
the volume of the pulmonary blood flow, there 15, haweser, always absence of
the fullness of the pulmonary conus (sec Figure xv~13 and also Figure xu-9)
Examination 1n the night anterior-oblique position contributes little

Occastonally a transposition of the great vessels occurs in combination with
pulmonary stenosis 1 whach the aorta, as 1t anses antenorly from the rudimen
tary outlet chamber, arches boldly to the left and causes the pulmonary conus
to be extremely promunent and yet the Jungs are remachably clear (see Figure
xv-14) This, too, causes the x ray contour of the heart to resemble that of a
complete transposition of the great vessels combined with pulmenary stenosss
(compare Figures xv-14 and x-27)

ELECTROCARDIOGRAPHIC FINDINGS

The electrocardiogram 15 subject to wide vartatton The standard leads
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Licure \v=  Single ventricle with a rudimentary outlet chamber from which
the sort1anses (ume panent asin Digure vi-2) Child

The pulmonary artery aniscs posteniorly from the mawn chamber

may show either a nght avis devintion or a left aws deviation Although the
course of the bundle of His must be grossly msplaced, 1t 15 a strihing fact that
there 15 usually no demonstrable disturbance of the mtraventricular conduction
ume

Neill and Brink* have shown that, even 1n the presence of a left aus devia
uon, 1t 1s the exception, rather than the rule, for the unipolar precordial leads to
show evidence of left ventricular hypertrophy 1 Vi, and furthermore a patient
wath a single ventricle may even have a so-called ‘septal Q wave m Vo or Vo
Indeed, frequently when the standards show a slight left axis deviation, the
unipolar precordsal leads show evidence of nght ventncular hypertrophy m Ve
which causes a deep S wave in all the precordial leads from V1 to Ve (see Figure
xv-15) In other instances a right 1x1s deviation 15 combmed wath left ventricular
dominance n the unipolar precordial leads (sce Fagure w-16) Thus, the elec
trocardiogram frequently shows a gross discrepancy between the findings i the
standard leads and those 1n the precordial leads It 15, however, possible to have
a ight axs devianon and night ventricular hypertrophy (sce Figure xw-17)
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Left antenior-obhque position

Rightantenor-oblique position

_u Froure xv—g  Singleventricle with a rudimentary outlet chamber from which
theaorta anises {same pauentas 1o Figure vw—2) Child

‘The pulmonary astery anises posteriorly from the mawn chamber
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ANTERIOR POSTERIOR POSITION

Bopfopur ,*) -

Trachea

LEFT ANTERIOR-OBLIQUE POSITION

Froure ©v-10  (A) Single ventncle with a rudimentary outlet chamber and
(B) normal heart Child
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Courte y 1Gle dy Gle dy # 4 Wk &
Fiovre xi-1r  Single ventrucle syuth a rudimentary outlet chambes from which
the aorta anses Child

The pultnonary artery anses postertorly from the matn chamber
SPECIAL TESTS

The oxygen saturation of the artersal Blood 1s never complerely normal
‘There 15 always admuxture of the venous and artessal blood 1 the common sen
tucle When there 15 adequate carculation to the lungs and free admuxture of the
venous and artenial blood 1n the common sentricle, the oxygen saturation of the
arterial blood may be g4 per cent ar hugher When the pulmonary bleoad flow is
reduced, there 1s a proportonate reduction 1n the oxygen saturation of the ar
tenal bload

Polycyshemars proportional to the oxygen unsaturation of the artersal blood
Inasmuch as there 15 always some degree of oxygen unsaruration of the arterial
blood, the red blood cell count, the amount of available hemoglobin, and the
hematocrir reading are wsually elevated The heaght of the red blood cell count
vanes with the oxygen unsaturation of the artenal blood

In the patient with free admaxture of venous and artersal blood in the com
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Ticure nv-12 - Sigle ventricle with pulmonary stenosis (same pauent as
mTipure w-13) Adult

mon ventricle and adequate airculation to the lungs, although polycythemia may
not be significant, the red blood cell count 15 usually a high normal Indeed, the
absence of anema presents a striking contrast to the frail build of the child

If the patient 1s cyanotic, polycythemia develaps early Once the red blood
cell count, the level of the available hemoglobin, and the hematocrit reading
have nsen to compensate for the reduction 1n the ovygen saturation of the ar
terzal blood, polycythemia remains constant over a pertod of years The patent
does not develop further hemoconcentration until the pulmonary hypertension
becomes extreme

Cardiac catheterszation may be of md in diagnosis The most significant find
mg on cardac catheterization 1s the marhed increase 1 the oxygen content of
the blood 1n the common ventricle as compared with that in the nght auricle
Bing” considered that an increase of 5 volumes per cent 1n the oxygen content of
the blood of the right ventricle, compared with that of the right auricle, 1s indica
tve of a common sventricle Such a finding 15 strong confirmatory evidence ofa
common ventricle, but such an increase can occur only if the difference between
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Right anterior-oblique posttion

Fioure av-13 Single ventricle wath pulmonary stenosis (same patient g5
m Figuse xv-12} Adult
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Anglocardiogram

Froure vv-13  Single ventricle with transposition of the great vessels,
the aorta ansing far to the left Infant

the oxygen content of the arterial blood and that of the venous blood 15 greater
than 5 volumes per cent When there 15 tremendous pulmonary blood flow, the
oxygen content of the venous blood may be so hugh that there 15 less than a 5
volume percentage difference between the artersal and venous blood Con

versely, when there 15 severe pulmonary stenosss, the pulmonary blood flow may
be so meager that the artenal oxygen saturation 1s too low to have a 5 volume
percentage difference Furthermore, if a single ventricle occurs in combination
with a single auricle, the increase 1n the oxygen content of the blood will occur
1 the auricle, and the oxygen content of the blood 1 the auricle and 1n the ven

tracle wall be the same Therefore the finding of a marhed increase 1n the oxygen
content of the blood 1n the ventricle 1s suggestive evidence of a single ventricle,

but its absence does not exclude the diagnosis
A atneardinorathit cAawe I meamie moamasls onsroe f shea aceta amd cha
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pulmonary artery, 1t also clearly delincates the course of the aort (see Figure
“v-14) Furthermore, the dye promptly fills the entire ventricle, which usually
has a smooth outline 1n contrast to the normal trabeculation of the right ventn
cle Such a contour does not exclude the possibility of a huge righe ventricle, nor
yet the absence of the right ventricle and the eustence of a single ventricle,
the left Nevertheless, when angiocardiography 1s undertaken to determine
whether or not there 15 a single ventricle or two ventricles, the visualization of
the night ventricle and later of the left ventricle demonstrates the ewstence of
two ventricles

DIAGNOSIS

The diagnosis 1s based upon 1 combmation of chinscal, cardiological, and
radsological findings, these vary with the age of the patient

In carly wnfancy there 1s usually cyanosis of varying mtensity, and a small
heart with shight fullness of the pulmonary conus n the anterior posterior post
tion, but no enlargement of the right ventricle m the left antertor oblique post
tion Cyanosis may be so mtense and the artersal ovygen saturatton may be so
low that the infant 1s i danger of dying from anoxema, or cyanosis may be so
slight that no cardiac abnormality 1s suspected and the condition 1s musdiagnosed
as pneumonia

When there 1s pulmonary atresia, cyanosis 1s 1ntense and the mfant suffers
from paroxysmal dyspnea, the heart 1s shightly enlarged and has a square con
tour sumlar to that of trscuspid atresia and the lungs are clear The discrepancy
1 the electrocardiogram between the standard leads and the unipolar precordal
leads indicates that the condition 1s nesther a tetralogy of Fallot nor a tricuspid
atres1a

In childhood there are at least three distinet clinical syndromes (1) when
the pulmonary blood flow may be adequate or excessive with free admture of
venous and arteral blood 1n the common ventnicle, (2) when the great vessels
may be transposed and the pulmonary circulation 1s adequate but the accurrence
of an abnormality of the tricuspid valve directs the venous blood 1nto the aorta,
(3) when the pulmonary artery may be small or the pulmonary valve stenotic
and consequently pulmonary blood flow 1s reduced

In the first instance, when the prlmonary blood flow 1s adequate o excessive
and cyanosis 15 absent, the diagnosis 1s based upon the finding of a patient of
frail build wath shight cardiac enlargement, with a precordaal systolic murmur,
and with a blurred mid diastolic murmur at the apes Fluoroscopy rev eals 1n
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creased hular shadows ‘The red blood cell counts normal but the oxygen satura
non of the arterzal blood 18 shgh!ly reduced

In dhe second mstance, ke cyanosis 15 iniense and the prdmanary blood
flow 15 adequate, there 15 atways polycythema The heart 15 shghtly cnlarged
and the hilar shadows are increased and may show a conspicuous filar dance
but the shadow at the base of the heart 1s concare The pauents Yess humited than
sught be expected from the utensity of the cysnons When the pulmonary
astery 1 huge, this malf closely simulates that of a complete transp
uon of the great vessels wrth an enormaus pulmonary artery (scc Chapter %,
Section 8)

In the third wnstance, when cyanosis 15 niense and the pulmonary blowd flow
1 redneed polycytherna develops carly, the heart 15 only shighdly enfarged but
Tias 1 concase curve at 1ts base to the left of the sternum, murmurs are vanable,
the pulinome second sound 3s accentuated but the Jungs are extremely clear, and
the vaseular markings are reduced

The fant does better than 15 anuaipated from the imtensity of the cyanoss
The child can often play all day without undue fatgue In such mstances the
x ray may be sumfar to that of a tetralogy of Fallot but the child does not squat
whentired The electracardiogramn ustally offers a clue to the diagnosss, as there
s frequently a stnking discrepancy berw een the axis devaation n the standard

leads and the enadence of eft or ght ventricular domsnance s the umpolar pre
cordral Jeads

DIFFERENTIAL DIAGNOSIS

In the abseace of cyanosis a single ventricle requires differentianon from
pacumonsa and sheumate heart disease In the presence of cyanosts, the condi
uon requires dfferentiavian from a tetralogy of Fallot from a mcu;pxd atresia
from 2 complete transposition of the great vessels with two ventricles and ::
posteriorly placed dilated pulmonary artery, and occasionally from a truncu:
artertosus with a oderate reduction 1 the pulmonary blood flow CS

P; isa errof in &
m 1 anfants When ¢
g en there 15 no mur
mur and the heart 1s of normal size, the occurrence of shight cyanosts and
dyspnea corabrned wath pul § < 15 ‘y e
Spspoea 5 » 2ly suggestive
;fo‘:n cm :noma T:chfaxl\uc to demonstrate pathogeme organisms 1 %\gﬂmrcs
from, \x\osc :\\r; toroat, combmed with the contour of the heart an the x
ad

ohsa ;xe o the correct diagnosss Indeed, if the pathologst smphies th l’:lhyy
has erroncousdy dagnosed Preumonia in a young mf s
young wmfant who was
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found to have a congenital malformation of the heart, the possibidaty of a bilecu
late or tnloculate heart should be immediately entertaned

Rheumatse heart disease may be erroneously diagnosed m children who show
no cymosis Although the murmurs may superficnally resemble those of a then
matic myocarditis, careful analysis of murmurs will show that they are not char
acteristic of that disease The systohc murmur 1s not well transmutted to the
axilfa The early drastohic murmur at the apex does not resemble a presystolic
murmur The absence of a rheumatic hustory 1n a cluld with symptoms of long
duration 15 also signsficant The red blood cell count, the amount of avatlable
hemoglobin, and the hematocnit reading are usually normal or shightly elevated,
whereas with a long standing rheumatic infection anema s the rule Simple
awareness of the possibihity aids 1n the diagnoss of a single ventricle Fluoro-
scopic examination corroborates the diagnosts Determination of the oxygen
saturatzon of the arterial blood will reveal that 1t 1s not fully saturated Cardiac
catheterization will show definite evidence of admuxture of venous and artenal
blaod 1n the commaon ventricle

When the patient shows persistent cyanosis, < ray or fluoroscopv will show
whether the pulmonary blood flow 1s increased or decreased When the pulme-
nary blood flow 1s mncreased, a single ventricle calls for differentiation from
complete transposition of the great vessels with a dilated pulmonary artery,
when decreased, a single ventncle requires differentiation from a tetralogy of
Fallot, tricuspid atresta, a truncus arteriosus, and a complete transposition of the
great vessels with pulmonary stenosis

Transposition of the great vessels combined with a gieatly dilated pulmo
nary artery and an intact ventricular septuns gives idenncally the same x ray or
fluoroscopic findings as does the Lambert heart The patient 15 usually more
severely incapacitated 1f there are two ventricles because of the greater difficulty
n the admuxture of oxygenated and venous blood Cardtac catheterizaton 1s
generally necessary 1n order to differentiate the two conditions Although the
aorta may be readily entered, the catheter usually also shps into the commen
ventricle, n which the oxygen content of the blood will be far hugher than 1t 1s
mn the nght ventricle or 1n the aorta

Complete nansposition of the great vessels with an aurscular septal defect
may occasionally show a tremendous increase 1 the oxygen content of the
blood 1 the right ventricle and may be extremely difficult to differentiate from
a Lambert heart Angsocardiography may be of ad by demonstration of an
aurtcular defect, and also wall nsually demonstrate the existence of two v entricles
and the late opacification of the pulmonary artertes
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Atenalogy of F allos may be castly confused math 3 angle entrele combined
with pulmonary StEROSIS primanly because of the contout of the heatt Al
(ory of freedom from attacks of paro¥) smal dyspaea and of absenice of squatung
1s agasnst the dagnoss of a tetsalogy of Failot Furthesmore, on physicdd exam
mation the systolic murmE usually 1s notas Joud or as harsh as @ tetratogy of
Fallot and the pulmonic second sound 1 accenwated The clectrocardiogram
also generally ads sn The dsffsentiauon of thetwo conditions

A tricusprd atresia can usually be affeseatiated by the electrocardiogram, ¢
casomally cardiac cathetenzation 1s necessary to determine whether or nat a
\entnele can be entered from the nght auncle

A truncus avteriosus wth moderatcly reduced pulmonasy blood flow may be
considered because of the absence of squatting and the relatvely good excrase
\olezance The continuous murmur udible over the lungs readily differentiates
2 truncus arteriosus from a sngle ventricle A truncus artenosus may, howener,
be assactated with a single entncle, but if so, the sngle ventricle 15 mamty of
academc anterest, as il the blood from the common ventrcle 15 pumped 110
the truncus arteriosus {se¢ Chaptes )

Transpontion of ine great gessels combined with pulmonary stenosis 1s prob-
ably the most difficult of all conditions to differenniate from a smg\c ventncle

»hen the stenosed pulmonary artery anscs from the common ventncle chnrd

less of whether the aorta arsses normally from the md poruon of the nght ven

tricle or whether it arches boldly to the left, the condttion may simulate that of
2 sngle sentocle. Indeed, the demonstration of two ventricles by angrocardy
ography 15 virtually the only way to differentiate the two conditions with cer
tamty

COMMONLY ASSOCIATED ANOMALIES

A single ventricle may occus 1 combination with tricaspid atresia Furth
:xfo!r;, thas combmlauan ;E anomalies may occur with or wathout a uansp\:;t;z
e great vessels, an wath or wi
condstion 15 Josely simlar to a m:‘;‘:;i‘::::“:ﬁ t;nZ:ZCF: nnlmmny e
vcn‘(‘nck There are two auncles and a singe ventncle Thcrb:;&:; I;td o
:f‘ z ::::c:; ;a;\( (l::\; : S‘nlvdby way of the left auricle and thence the 3;;:(1:}:
e e and “t;o enters the common ventricle and 1s pumped out to
In the presence of 5 s1:)n (1]: ixcy 2’“’“}“0"‘5
common chamber and lcsf dxﬂitulxk\ycx’sd::cb(}\‘:gd “5; “”)’ creulates fecly un the
tram the rumentary onlet chambir than ‘}“tm w the expulsion of blood
ough a small defect 1nto a ruds
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mentary right ventricle, hence the condition 15 more frequently compatible with
life for 1 number of years than when tricuspud atresta 1s combined with a rud
mentary nght ventricle Nevertheless, the two conditions merge 1nto one an
other It may be dfficult even at wtopsy to decide which condition 1s present

The electrocardiogram provdes the principal clinieal clue to the differentn
tion of the two anomalies Usually m a single ventricle the untpolar precordul
leads do not show the evidence of left ventricular hypertrophy i Vi which s
the rule in tricuspid atresin Nell and Brink* have, howeser, reported two cases
n which the electrocardiograms were closely sinular to that of tricuspid atresia

A angle ventricle may also occur 11 combination with mutral atresia as lus
trated m Figure xs~18 When the mutral valve 15 atretic, 1 gross defect m the
aurseular septum 1s mevitable, as such an opening 1s the only way by which the
blood can escape from the left auncle The smaller the defect mn the auncular
septum, the greater 1s the enlargement of the left auncle The occurrence of 2
single ventricle 1 combmnation with mitral atresin causes the pulmonary pres-
sure to be excessively hugh because the pulmonary resistance 15 increased both
by the hagh pressure i the left auricle (see Chapter \ax) and by the high pres-
sure under which the blood 15 ejected to the lungs from the common ventricle
Consequently pulmonary hypertcnsion 1s extreme and pulmonary congestion 1
severe

TREATMENT

When a single ventricle occurs 1 combination with pulmonary stenosis, 3
systemic pulmonary anastomosts mncreases the circulation to the lungs and less
ens cyanosts but may lead to progressive cardiac enlargement A number of p2
tients with the single ventricle and pulmonary stenosis die of cardiac farlure
within six to eight months after operation, others develop cardiac enlargement
more slowly and may Ine for eight to ten years or longer Nev ertheless, some
patients with a single ventricle 2re as greatly benefited by this operation as ¢
those with 1 tetralogy of Fallot

If the primary difficulty 15 due to excessive pulmonary blood flow, the pro-
duction of moderate pulmonary stenosis may be of benefit to the patient Obus
ously 1t 15 dessrable that the pulmonary stenosts be sufficient to break the pulmo-
nary pressure but not so great as to decrease pulmonary blood flow to the e‘(tendt
that 1t will produce cyanoss Muller and Dammann® have developed a metho
for decreasing the size of the pulmonary artery by means of a “tuching pro
cedure Such an operation may be of great value to the patient with a single

ventricle



AV SINGLE VENTRICLE

Pulm 3

| Leupvcavs
Rud me ba
R pina

R sup Folm Y,
Patert
faramen
' ovale  —
Interauricu =
suleus

R 1ol pulm v

Tafnmcn

[4

Post view

Rt
Puim v

|
1

)
i
“Stmvcu»u\

Fieere =18 Single ventricle and mitral atresia



358 SPECIFIC MALFORMATIONS

mentary iight ventncle, hence the condition 1s more frequently compatible with
hfe for 1 number of years than when tricuspid atresia 15 combined with a rud
mentiry right ventricle Nesertheless, the two conditions merge 1mto one
other It may be difficult even at wutopsy to decide which condition 15 present

The clectrocardiogram provides the prinespal clinical clue to the differenta
tion of the two anomalics Usually 1n a single ventnicle the umpolar precordul
leads do not show the evidence of left ventnicular hypertrophy i Vi whichss
the rule 1 tricuspid atresta Nesll and Brink? have, however, reported two casts
1n which the electrocardiograms were closely sinular to that of tricuspid atresia

A angle ventricle may also occur 111 combination with nutral atresa asllus
trated 1n Figure xv-18 When the mutral valve 15 atretic, a gross defect n the
auricular septum 1s mevitable, as such an opening 1s the only way by which the
blood can escape from the left auricle The smaller the defect 1 the auncular
septum, the greater 15 the enlargement of the left auricle The occurrence of 2
single ventricle 1 combination with mutral atresia causes the pulmonary pres
sure to be excessively high because the pulmonary resistance 15 increased both
by the hugh pressure 1n the left auricle (see Chapter xnx) and by the high pres:
sure under which the blood 1s ejected to the lungs from the common ventride
Consequently pulmonary hypertension 1s extreme and pulmonary congestion 18
severe

TREATMENT

When a single ventricle occurs m combination with pulmonary stenosts, 2
systerue pulmonary anastomosts tncgeases the circulation to the lungs and less
ens cyanosis but may lead to progressive cardiac enlargement A number of pa
tients with the single ventricle and pulmonary stenosss die of cardiac fatlure
within six to eight months after operation, others develop cardac enlargement
more slowly and may Ine for eight to ten years or longer Nevertheless, some
patients wath a single ventnicle are as greatly bencfited by this operation as are
those with a tetralogy of Fallot

If the prsmary difficulty 15 due to excessive pulmonary blood flow, the pro-
duction of moderate pulmonary stenosts may be of benefit to the patient Obvt
ously 1t 15 desirable that the pulmonary stenosts be suffictent to break the pulmo-
nary pressure but not so great as to decrease pulmonary blood flow to the c\len‘;
that 1t will produce cyanosis Muller and Dammann® have d:\cl?‘pcd a metho
for decreasing the size of the pulmonary artery by means of a “tucking pro
cedure Such an operauon may be of great value to the patent with 2 single

ventricle
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from the rudimentary outlet chambes sad the msertion of the choniac (c:;dmz;
of the tricuspid vabe are such that the blood from the nght auncle 15 dured!
snto the rudimentary outlet chamber, the resultant malformation 1s hnown asz
Lﬂu;::;l;tc:; there s but one semincle, all the blood from both auncles flows
1nto the common ventricle and the same admustere of veraus and acterial blood
1s pumped aut sato the sorta and the pulmenary asteey The oxygen saturation
of the blood 1n the common ventncle depends upon the volume of venous blood
whach reaches the lungs for oxygenation I the total valume of blood directed
to the lungs is small, the valume of axy genated blood retusned from the Jungs
s proportionatly smalt and the oxggen contens of the blood 1 the common Acn
tracle 15 Jow Unless there 15 pulmonary stenass, there 1 abeays plaonary by
perension
‘The presence or absence of cyanosts depends upon the oxygen cantent of the
blood m the common ventnicle and the amount of venous blood direcied e
the aorta Usually there 15 free admixture of venous and artenal bivod w the
common ventricke and cyanoss 15 msnumal of absent In the Lambert hear, at
though the oxypen coment of the blood i the common sentnele 1 redamnely
hugh, the oxygen content of the blood i the rudimentary outlet chamber 15 ow
Tutle oxygenated blood 15 direcred into the aorta cyanoss 15 mitense
A hugh red blaod cell count 1s the rule In the absence of cyanosts the only
evidence of polyeythernia may be the persistence of the red blood cell count at a
high normal level an a2 pavent wha loohs chromcally 1L and suffers from se
peated pulmonary wnfectians When the patient shows persisient cyanosis, paly
cvthemians the mle
Clubbing 15 dyecdy proportional ro the polycythemia
The exercise tolerance of the mdidual vanes with the ovygen saturanon of

theartenialblood nesercheless, in cysnotic patients it 15 better than 15 antictpated
from the intensity of the cyanosss

The heart is wually but shightly entarged The second sound 1s generally ac
centuated Musmurs are varshle

and my,
theurnatc heagt oy smulate those of 2 poorly Euncuomng

. ":?n X r:}): and fluoroscopic findings frequently gie a clue to the dugnony
mm;i,mj,d ere s fulin:s;:;f the pulmonary conus but no evidence of nght ven
argement 1 the left antenor-oblique
posion In alder childyen,
when the pulmonary artery s of small ealiber and the fung fields are dear, x}?c
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If a cluld has a small pulmonary artery and suffers from reduced pulmonay
blood flow under relauvely high pulmonary pressure, 1t may be difficult, 1f not
mmpossible, to help lum by operation An anastomosts will only functton pro
vided the pulmonary pressure 1s lower than the systemic pressure Correctae
surgery would necessitate the construction of a septum withm the ventricles
order to reduce the pressure with wiich blood 15 directed to the lungs In add
tion, 1f there 15 but a single atrioventriculr valve, 1t will be necessary to recon
struct the tnioventricular ontfice so that there 1s both a mutral and a trcuspd
valve

If the patient has a Lambert heart, the creation of an auricular septal defect
may merease the amount of ovygenated blood directed 1o the norta but 3t will
not alleviate the pulmonary hypertension

PROGNOSIS

The prognoss 1s guarded In the absence of cyanosis and excessive pulmonary
blood flow, the patient 1s very susceptible to pneumona, which s a constant
menace to life Iu the presence of cyanosts and excessive pulmonary blood flow,
the ncreasing pulmonary hypertension mncreases the volume of blood drrected
to the systemic circulation and consequently the condition of the patient remains
relatvely stationary for ten or twenty years Nevertheless, 1n both mstances the
pulmonary hypertension will eventually render the condition incompatible wath
hfe

In the precence of pulmonary stenosis there 1s always cyanosis Any operation
which increases the arculation to the lungs may help Although some patients
are greatly helped by operation, 1t must be admitted that the human crculation
and metabolism 2re based on a four chambered heart and the separation of the
two arculations A single ventricle 1s not an efficient mecharsm and conse
quently the prognosis 1s guarded

SUMMARY

A sngle ventricle with a rudimentary outlet chamber represents an €x
tremely early arrest 1n the development of the heart Instead of two ventricles,
there 15 but a single venticle nto which both the matral and tricuspid valves
open In the position normally occupied by the outflow tract of the right vcntr;
cle, there 1s 2 rudimentary chamber from which one or both the great vessels
anise The great vessels may or may not be transposed When the aorta anses
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contour of the heart may closely sunulate that of a tetralogy of Fallot When the
pulmonary artery 15 of normal size and posteriocly placed, the hular vascularity
1s increased and there 15 a conspicuous hular dance

The electrocardiogram 1s subject to great vanation There may be a night or
aleft axis deviation, but usually there 1s a discrepancy between the axs desiation
i the standard leads and the evidence of hypertrophy 1n the umpolar precordsal
leads

Cardiac cathetenization charactersstically shows a marked increase mn the oy
gen content of the blood i the common ventricle in companison with that in the
nghtauncle The systolic pressure in the common ventricle 1s alw ays the same as
the systolic pressure n the systemuc circulanion, consequently, unless there 1s pul
monary stenoss, there 15 always pulmonary hypertension

Anglocardiography shows simultaneous opactfication of the aorta and the
pulmonary artery but 1s not of great aid 1n the diagnosts of the structure of the
ventricle

The diagnosis 1s based upon the chimcal findings and the contour of the
heart 1n the x ray combined with electrocardiographic findings of a discrepancy
betw een the axis deviation 1n the standard leads and the ventricular dommance
1n the precordial leads The diagnosts may be substantiated by cardiac catheter:
zation

In the absence of cyanosts, the condition must be differentated from pneu
monia 1 infancy and from rheumatic heart disease 1n childhood If there 15
persistent cyanosis, the malformation may resemble a tetralogy of Fallot The
Lambert heart requires differentiation from a complete transposition of the
great vessels with a dilated pulmonary artery and occasionally from a truncus
arteriosus

Treatment 1s not satisfactory If cyanoss 1s absent and the pulmonary blood
flow excessive, a tuck 1n the pulmonary artery may be of great help If cyanosis
15 intense and the pulmonary blood flow excessive, the creation of an auncular
defect may help When the pressure 1s the same 1n both great vessels, an anasto-
mosts will not function, hence 1t may be mmpossible to help a chuld with per
sistent cyanoss and a relatively small pulmonary artery

The prognosts 1s guarded Many infants with intense cyanosis and minimal
pulmonary blood flow die withen the first few months Patients with a moderate
reduction m pulmonary blood flow may live to childhood Most patients with
adequate pulmonary blood flow, with or without cyanosss, survive to adult ife
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as to cawse high output cardua faiture 1 the nconatal penod, are comparassely
sare The sequence of exents s dlusteated by Case st ac the end of the chapter

Cerchral artermovenatss ancursenis nfortunately, ate not fare Usually dicy
ate staall and asymptomatic untl early adult We The outstanding physical tuad
sngis alocabized broat Such aneurysms way bleed before they Goally rupture or
they may rematn eptirely unsuspected unnl the young adult suddealy desclogs
2 severe headache and dies of a massive cerebral hemarrhage

The frequency of congenttal cerebral artenovenous aneurysms 1w pauients
with malformations of the heast 15 difficuls o ascertan Systalic bruts over the
skl are extremely common 1 panents with casdhac malformations Ceqtainly
some of these brusts are the result of the bone transmission of cardiae murmurs
Continuous murmours over the shull are not wfeequently heard in patients with
pessistent cyanosis Many <uch patents are entrely asymptomatic Inasmuch as
extensive imyesagavion of cersbral sbhnarmaliues w niat without xish, it has nat
been our pohiey 1o undersahe such studies 1 an asymptomatic person unless
there were some lotahzmg signs Nevertheless, v a nunber of istances 2 con
tinuous murmur over the skull may be indicatne of a cercbral antenovenous
aneurysim *

Coronary arteriosentons anesrysms are fundatmentally stmtlar to other con

gental arteniovenous sneurysms but as they represent an anomaly of the corp-
nary astestes they are discassed 1n Chapter xxix

B Pulmonary dsteriovenons dnenrysms
Artersosenous ancurysios s the lungs have heen reported under vasous
wanies hemangromas of the lung, cavenous angramas, and pulmonary arteno-
\cm;us ancurysms The first unequicacal case 1s credited to Rode? 1 1938 The
condition was resiewed and reported as 3 new surgeal disease by Watson® 1n

3947 Two yearslater the radsologcal findin
gs were reported b N
For adetaded veview the reader s seferred to the se b S gl

0,
Almast all artenoyenous aneurysms are congcmta{)x;t;k;zusrlm;:: :.C .
wrdoubredly inerease 1n size as the patent grows and therefore become ";u’ymlls
?z\nsfest m fate childhood or eardy adult Ife In former years the co dc meally
vequently misdiagnosed as a congenttal malformanon of the h et
exed moperable With the advent of cardtac s ¢ part and coned

urgery, many of th
though asy mptotnatic, have sought medical attention :mdyhm e E:xg ;t:;e‘:!, o

NATURE OF THE MALFORMATION



CHAPTER XVI

ARTERIOVENOUS ANEURYSMS

Narteriovenous aneurysm 1s defined as a blood containing tumor or cavity

with both a systemic and a venous connection Although some are the

result of trauma, this chapter 1s concerned with those which are con

genttal i onigin It seems probable that many, if not all hemorrhagic telangiec

tases, hemangiomas, and cavernous angtomas are fundamentally arteriosenous

ancurysms Indeed, the frequent association of hemorrhagic telangectases and

pulmonary arteriovenous ancurysms suggests that both are essentially of the
same nature *

Arteriovenous aneurysms may occur anywhere 1 the systemic or the pul
monary crculation They may occur 1n the extremuties, 1n the brain, or even 1n
the myocardium, and they also occur 1n the lungs When 1t 15 recalled that ar
teries and veins develop independently, 1t 1s not surprising that anomalous con
nections between the artenies and vems may occur anywhere 1n the body, and,
furthermore, if the development 1s such that an arteriovenous ancurysm occurs
1 one place, others may occur 1 other locations Therefore, although there may
be only a single arteriovenous aneurysm, frequently they are multiple The size
of the anomalous connection varies greatly, 1t may be large or small

A Systemic Asteriovenous Anens ysms

Systemic arteriovenous aneurysms vary 1 size Some are mmute and entirely
asymptomatic Others may be large When an arteniovenous aneurysm occurs 1n
the systemic circulation, blood 1s shunted under systemic pressure nto a vein,
consequently the volume of the shunt 1s usually large The blood so shunted 13
fully oxygenated It follows that a large volume of fully axygenated blood 15 1
turned to the rght auricle, thence 1t flows to the nght ventricle and 15 re arcu
lated through the lungs The work of the right side of the heart 1s increased A
large arteriovenous fistula may greatly increase the work of the heart and may
lead to cardiac failure due to the high output of the heart

"The hereditary nature of hemorrhagic telangiectases was described by Osler
mn 1ot and by Weber® 1n 1907 This syndrome 1s now hnown as Rendu Osler
Weber’s disease Such telangiectases may occur 1n almost any organ of the body
"The problem 15 primanly medical and hence beyond the scope of this book

IR T T
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catanon ‘The shunt, howeser, occurs 1n the lungs Comcqucud) lu ocu;rs ;::ru
area of Jow pressure There 1s no tendency for the patient to devel olpl [;:0:“ no{
hypestension The only effect on the arculation 15 that the artenal b

fully oxygenated and the » orh of the heart 1s snereased

CLINICAL FINDINGS

The panent frequently remains aspmptomanie for many yeazs If he has a
camplawnt itis usually that hus color 15 ot normat ,
Cyanosss ordinanly dates from birth The intensity of the cyanosis depends
upon the size and number of the artenoyenony aneurysms 1 the lungs Ocea
stonally, altheugh some degree of oxygen unsaturation of the artesal blood has
been present from birth the solume of reduced hemogobin 1n the arculaung
blood 15 wsufficsent to cause visible cyanosis This is notably true i mfancy, be
CaUSE ANEINIA 1S Common
Polyejthemia dexelops secondary to the oygen unsaturation of the artenal
blood With the development of polycythemua, cyanosis becomes more readily
appatent
Clubbing of the extremities may ¢s entually appear
Dyspneass not strrking but there may be exertsonal dyspnea Although some
blaad 15 shunted through the lungs without being oxygenated, a large portion of
the pulmonary areulation 15 normal hence the patient 15 able 1o ncrease Ins
pulmonary blood flow with exerasse Consequenty dyspaca 15 mintmal The
panent s exerase wlerance 1s better than might be expected from the degree of
CymO“S
Anemia may be the presenung complamt Many patients with pulmonary
artenovenens anenrysms abso have systemic artenos enous ancurysms ot hemor
thagie telangiectases 1f these are located an the gastrasntestnal tract of 1 other
mucols membranes, peesistent cozing and blccdmg may Yead 1o severe anemia
Hcmorrﬁngtc telangiectases and .’xcmat:gmmas are extremely common 1n pa
tents with pulmonary anengvenaus aneurysms Therefore a search for these
shauld always be made The converse 1s alse true The presence of 2 systemic

arteriosenous aneurysm should suggest the passibility that the cyanans may be
due to an aneurysmin the pulmonary circulation

Epustaxes are common They are 1n all probabilaty due to minmte antengve
nous aneurysms 1n the nose

Hemoptyses are a serous and Jate com

plcation and ma
st Bemorthages (o3 massye fatl o d may vary from repeated

orrhage
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of such a nture that there 1s free and broad communication between some of
the artertes and veins withm the lungs There may be single or mulnple aneu
sysms, they may be large or small, such meurysms may be localized 1n one lobe
or scattered throughout both lungs The ancurysm usually involes the smalfer
branches of the pulmonary artery, which, mstead of subdwiding and branching
into the capillary bed, open 1nto 1 sacular cavity and this in turn communicates
directly with the veins Frequently there are numerous cavities of sartous sizes,
occastonally the lung 15 riddled with small cavities and often both lungs are
volved In rare wstances an ancurysm may occur between the bronchl artery
and the pulmonary vein or may even accur 1n an 1nomalous artery leading to the
lungs, as 1 the case reposted by W L Watson,® in which there was an artenoie
nous aneurysm between an aberrnt artery from the thoracic aorta and what ap-
peared to be a pulmonary vem The author has seen one patent m whom the
wnomalousbranch from the pulmonary artery opened directly into the left aundie
(sce Case s~z atend of chapter)

Pulmol]ﬂry arterrovenous 'UlCul'ySmS tend to ncrease 1 s1ze jUSt as Othfr
aneurysms da The increase 10 size, however, occurs more gradually i a low
pressure area than m a high pressure area For this reason it may requure years for
the increase in the size of aneurysms to become apparent

COURSE OF THE CIRCULATION

The blood from the nght aurnicle flows into the right ventricle and 1s pumped
out 1n the normal fashion to the lungs Part of the blood circulates normally
through the normal Jung, where st 15 ovygenated, and returned 1n the normal
fashion to the left quricle A varymg volume of blood passes directly from the
pulmonary artery through the arteriovenous aneurysm to the pulmonary vemns
Consequently a mixture of oxygenated and unoxygenated blood ss returned by
the pulmonary veias to the left aurrcle This admunture of venous and arteral
blood flows 1t the left ventricle, 1s pumped out through the aorta to the sys
temic arculation, and 1s returned ta the night auricle 1 the normal manner
There the cycle starts agan (see Diagram wi-1)

PHYSIOLOGY OF THE MALFORMATION

"The shunung of the venous blood from the pulmonary artery mto a pulmo-
npary vem without passang through the cipilares prevents the oxygenation of
the blood 1n that area of the Jung Venous blood 1s returned to the left auricle
and thence 1t flows to the left ventricle and 1s pumped out into the systemuc ctr
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culstion The shunt, however, oceurs i the lungs Consequently ;t (:o:c\;rs1 :1::]
areaof low pressuce There 15 n0 tendency for the pauent to deve ulpb[;:mr; ’ : M};
hypertenston The only effect on the curcutatron 1s that the astenl

fully oaggenated and the w otk of the heartas mereased

CLIMCAL FINDINGS

The patent frequently semains asymptomabi for many years If he has 1
complamnt, it ss usually that Tus color 35 not normal p )

Cyanans adwnandy dates from burth The stensity of the gyanasis depends
apon the size and number of the artenorenous ancurysms in the fungs Qcea
sionally, aithough some degree of exypen unsaturabon of the arienal blood has
been present from busth, the valumne of reduced hemoglobin m the orculating
blood ss msufficient to cause sasible cyanosis This s notably wue in wfaney, be
CaUSE 2RCAUA s COMIMonN

Polycytherna develops sccondary to the oxygen unsaturation of the artenal
blood Wath the development of potycsthemia, cyanosis becomes more readity
apparent

Clubbing of the evtremities may eventualy appear

Dysprears ot stoking but there may be exertional dyspnea Atthough some
blood 15 shunted through the lungs without being oxygenated, a Jarge porton of
the pulmonary airculation 1 normal, hence the patient s able 10 mnerease hus
pulmonary blood Bow with exerese Consequently dyspnca 1s mnumal The
patient s exercise tolesance 1s better than myght be expected from the degree of
yanosis

Aneenia may be the presenting, complaiot Many patsents with pulmonary
ArLErIGYENOUS aneurystus also have SYSLemIC ATIENONENORS ARTUFYINS OF fiemor
rhagsc telangrectases If these ace located 1 the gastramtesunal tract or m other
mucous membranes persistent oozing and bleeding may lead 1o severe anemua

Hemorrhagsc telan, grectases and &emangiomas are extremely common 1n pa
wents with puimunary arterigvenous aeurysms Therefore a search for these

should afwags be made The comverse 1 also true The presence of a gystemue
anenovenous aneurysim should su,

ggest the possibibity thas the cyanosis may be
due to 4n aneorysmon the pulmonary crreutation

Epistaxes age common They are w al} probahlhty duc w0 mnute anienge
fous aneurysms in the nose

Hemaptyses ase 3 senous and date com

pheatian and may vasy fro
smal hemorrhages to 3 massve fatal hem ey Remepeaed

orrhage
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DiacraM \vi-1

Mulple arteriovenous aneurysms

This malformation cancerns the pulmonary arteries and pulmonary yeins, the heartas
wself normally formed “The major part of the polmonary sascular bed 15 permal but
scattered thronghout the Jung there are arteriosenods ancury sms conrecling, some of
the smaller branches of the pulmenary anteries with the puimonary veims

The blood from the nght auncle flows smto the nght ventnicle and thence 1
pumped out 1nto the pulmonary antery to the lungs Part of the blood arrculates
through the normal poruons of the kungs where 1t 15 o3y genated, and 1s returned 10
the normal manner by the pulmonary veins to the left auncle. Part of the blood which
15 pumped to the Juags fows through an arteniovenous ancurysm The blood which
cireulates through such an aneurysm never reaches the pulmonary capullanes and
hence 18 retuened to the left avacle unasggeasted Thus 3 mutute of oxygenated and
senous blood flows through the pulmonary seins to the left auncle thence the blood
flow s 1nto the lef ventricle and 15 pumped out through the aorta to the body and re
turned by the superor vena cava and the infenor vena cava 2r the normal manner to
the nght auncle There the ¢ycle starts agan

Climseal diagnoas Cyanowss 1s persistent and increascs as the artersoscenous ancu
ysm ancseases 1 size. The patient 15 usually asymptomane The heart 1s normal 1n
sze No murmurs are audible over the precordinm but a continuous murmus 1 gener
ally audible over the aneurysm If the aneurysms are large or increase 1n size, the P
uentis 10 danger of severe, even fatal pufmonary hemaorshages
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Cerebral disturbances may occur

Tiansitory nemological disturbances are relawvely frequent These may be
due to anoxemna, polycythemia, minute thromboses, or to bleeding from munute
cercbral aneurysms

Cerebial thromboses may occur m conjunction with small cerebral arteno-
Venous ancurysms

CARDIAC FINDINGS

The heart 1s generally normal in size Usually no murmurs are audible over
the precordium The pulmonic second sound may be shghtly accentuated A soft
continuous murmur 1s usually audible over the area of the lung where there 152
relatively large arteriovenous ancurysm

X RAY AND FLUORQSCOPIC FINDINGS

The x ray generally gives the clue to the diagnosis * ° Although the heart s
essentially normal 1n size and shape, an abnormal shadow 1s usually visible some
where 1n the lungs (sce Figure wi-1) These abnormal shadows can frequently
be seen upon fluoroscopy, 1ndeed, mtrinsic pulsations of the shadows may even
be discermible When an arteriovenous aneurysm 1s suspected but not clearly ew
dent, the patrent should be carefully examned 1n all posiions, because the ancu
rysm may be hidden belund the cardiac shadow

ELECTROCARDIOGRAPHIC FINDINGS

The electrocardiogram usually shows 1 balanced aws and no evidence of

right ventricular hypertrophy

SPECIAL TESTS

The oxygen satmation of the arterial blood 1s reduced Nevertheless, the de
gree of unsaturation 1s less than 1s anticipated from the 1ntensity of the cyanosis
Furthermore, the arteral ovygen saturation falls but shighty, of at all, with exer
cse

Carduac catheterzation studies are frequently misleading The Fich prmaple
1s no longer valid because the blood returned to the left auricle 1s not fully satu
rated The pressures are normal, the resistance 1n the pulmonary vascular bed 1s

o fies the princt
Angiocardiogr aphy 15 of great diagnostic ud, st not only opacifies the p
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Frours xvi-t Multiple pulmanary acterioy enous ancury sims {same paucnt as
10 Figure xs1-2) Adult

pal artersovenaus aneurysm but may also demonstrate addisonal unsuspected
aneurysws (see Figute wi-2) Angocacdiography ss, however, not without
danger, as the dye 1s paaled 1n the ancurysms Deaths hase been reported from
thus procedure

Lannagrans are of great a:d Such films give an mdicatron of the size and
pasttzan of the aneurysm and may reveal the tormous vessels 1n and around
Plantograms do not éos e the entire lung and consequentdy ather ancurysms may
be mussed Nevertheless, planography 15 a swnple and safe procedure whwch auds
n focahizatton of the mass

DIACNOSIS

The dagnosss should be suspected n 2 pasient with persistent cyanoss and
no himstation of actyvity and no comp) Physscal reveals ng cac

duac sbnormality A locahzed conttnuous murmur aver the lungs 1y strong pre
sumptive evdence m favor of the dug The duag 15 sub:

’-by



Fioure xvi-2  Muluple pulmonary arteriovenous aneurysms (same patient as
i Figure wwi-1) Adult



\VI ARTERIOVEMNOUS ANEURYSM 373

¥ say or fuorowepy and may be confirmed by an anguocardiogsams ot by a
laminagram

DIFFERENTIAL DIAGNOSIS

The condmon requises dsfferentration fram congenttat smethemoglobineima,
from anomatous commumeaton between the pulmonary artery and the left
aancle, and also from congenstal satformations of the heart, notably a 1nsus
artenosns, or localized stenosesin the branches of the ppImonary artery

Congemtal methemaglobineauars o be suspected 1 2 patient sith an abso-
tutely normal heatt, sormal Jungs, amd pessistent cyanosis W huch dates from
birth The usual story 15 that the abnormal colar w1s nated at birth Neverthe
less the mfant gans and thes so well that the cyanons causes ftle or no con
cern Bxen ifa physicians 15 consuleed, the infant 15 doag so well that fusther in
restugatians are scldom advised Tt 1 the normaluy of gronth and dey clopment
w the presence of persistent cyanosts that gives the cluc ta the diagnoss Occa
stonally the condition 16 fxnilial and the knowledge that other membess of the
Famaly have also shown an abnormal color aids in the dragnosis

Methenaglobm possonng may a¥so be caused by the wgestion of nignes
Such passonng 15 accastanally due to the use of contamunated well water 1w 2
baby s formula* ¥

The differennanon of cyanoss cansed by methemaglobin from that caused
by the presence of reduced hemaglobn 1n the careulanng blood can eastly be de
tesmmned by the followsng test A drop of the patient s blood 1s placed on 2 piece
of paper beside a drop of ones own blood When the o samples are surred,
the normal venous blood becomes bright 1ed whereas 1he blood which contams

metheraglabin 15 ugable to combsne with the oxygen 1 the air and therefore
retans tts darh color ™

"The dragnosis s defimuvel

htichad
e dag Al bysp opic analysis of the Ploed

Y the demonstration of the band charactenstic of meshemoglobn Cyanosss
«an be relicved by the injection of methylenc blue and the patient can be cured
by the contipuous use of massive doses of ascorbic acid

Ah '
vascular between th
e pulmonary artery and the

{efs anrscle may sumualate the preture of 3 pulmonary astensovenous {m urys
(see Case -2 at end of chapter) e

4 l:n;m:x artersosas also camses persistent Cyanosis and a continuous murmy,
oser the .
uag Exsmuination of the heart usually zeveals a harsh systolic murmur

ana accentuavion of the second sound over the base of the heatt The ¢ our of
b i1t £ thy d d OnY: f
id



1icure xvi-2  Muluple pulmonary arteriovenous aneurysms (same patient as
i Figure wu-1) Adult
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much as
Pulmonary SKCA0LenoUs ancury ms a6 frcqucnlz}y mul‘hp\c“\:::; .
tery 15 shunted into the p
Jenous bload froma the puimonary 4 -
without passing through the capitlanses of the lungs the blood rcl,umcd l o
Yelt aunde 1s not fally saturated Consequently the arteral blood 1s ot tully
saturated
The patient 15 cyanous bur usually asymptomatic The heart 1s normal i snzlc
The outstanding inding 1s @ locahized contatiuaus murmur audible aser the
Jung at the ste of the ancurysm The ancurysm 1 frequently visible upon ¥ 53y

Jit
ot fuoroscopy and can almost s anably be del d by ang hography oc
Jamsnography
The conditian calls for diffen n from congenital methe globmemia

and other conditions which cause 2 continuous murmur over the lungs, notably
penphesal pulmonary stennses and a truncus arter1osus
The condition can be corsected by surgery

Progaasts i guarded but can be greatly ymproved by susgery

Unusuad Blustratree Cases

Cistamet BS (Hames Lane Home No A~g3189) Whue male. Admitted at
tharty six hours of age becanse of 2 mass 1 the nipht wemporal segion and severe cardiac
fature

Hustory The baby was born at the Lutheran Hosputal He cried immedhately and
breathed well and then developed apnea He was grven positive pressure oxygen and
respiration was restored Shory after banth the nurse noted 2 mass in the nght 1em
poral regron. Examinavion of the mass revealed a thrdl and a bewit This mass rapudly
inereased 10 size Respiration became raprd Because of the dyspnea an x ray of the
heart was tahen ar eighteen hours of age this revealed cardiac enlargement The baby
was gusen dgitals

Physical exapunation The wnfant was dyspneic and cyanetic "The Tespaatory rate
was 200 per manite The heart was grealy enfarged and there was a gallop thythm
The bier extended 1o the umbihons There wese rales i the lungs

Over the night remporal region there was a large, soft pulsaung mass approxt
wanely 5 em 1 diameter In the center of this area there was no bony structure conse
t:\fx:;x ::: Zzslsd ):yc l;xll;:::xd\l:: x;\}:)rr’)l ’?:sund’ !h;lpcnphcry of the mass a delicate nm

palpable over the mass and on guseultation

there vas 2 continuous bruwt with a systohie accentuation Roth the murmus and the
) could be elimnated by pressure over the caroud antery

Diagaa is The snfane obviously had a farge atenoyencss Ty i olving, the
carond artery and tagh-ourput cardiac falure



374 SPECIFIC MALFORMATIONS

the heart and the electrocardiogram are also abnormal Cardiac catheterrzauon
shows that the aorta ariscs 1n part or entrely from the nght ventricle (sce Chap-
ter \1v)

Localized constrictions s one or more of the branches of the pulmonary artery
are also a possible cause of a continuous murmur over the lungs The condition
by uself does not produce cyanosis Nevertheless, peripheral pulmonary stenoses
frequently occur 1n combination with some malformation of the heart which
does cause cyanosis Therefore 1f a continuous murmur 1s due to peripheral steno-
ses and there 1s cyanosts, examination of the heart should reveal some abnormal

ity

TREATMENT

Excston of the affected area offers the anly possble cure Lobectomy ot
pncumonectomy 1s indtcated 1f the major pathology lies in one lung, as there 1s
real danger of serious, even fatal, hemorrhage

PROGNOSIS

Pulmon-ry arteriovenous ancurysms may be compatible wath hfe for many
years [f the aneurysms are large and localized, or if the patient has had hemop-
tyses, operation 1s clearly indicated Provided the mortality rate from lobectomy
or pneumoncctomy 1s low, operation 1s indicated for any patient with a pulme-
nary artertovenous ancurysm sufficiently large to cause cyanoss, as there 15 al
ways the potentral danger of rupture of the aneurysm

SUMMARY

An arteriovenous aneurysm 1s a blood containing tumeor or cavity with both
an artenal and a venous connection It seems probable that hemorrhagic telan
giectases, hemangiomas, and cavernous angiomas are all basically artersovenous
aneurysms Such arteriovenous neurysms may occur in either the systemic of
the pulmonary circulation Some are single, many re muluple

Systemic arterioyenous ancurysms may be caused by trauma A large con
gemital arteriovenous aneurysm may cause high output cardiac failure i the
neonatal period Small aneurysms are compatible with Iife for many years Such
aneurysms i the brain are not rire and occasionally an aneurysm occurs the
myocardium between the coronary artery and the coronary van The outstand
1ng physical finding 15 a continuous murmur which 1s located over the area of

the aneurysm
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Fieuxe xu-3  Anomalous cammumicaon bevween sthe 5, ght pulmonar

y xetery
and the left auncle (Case \ws-2) Child

Treatment The pavent was operaced ast by Dr Alfred Blalock on July 14 193
The chest was entered on the right. & large soft, pulsaung mass »as found m the
postensor past of the right lung The right pulmonary antery was exposed and a large
hun walled vessel w as found which arose from the postenior aspeet of the Tipht pulmo-
pary artery and extended to the mass Further dusection showed that an anomalous
vessed otended from the mass w the Jeft auncle The anomalous sessel was bigated
and divded The pattent s color smmedately improved No further surgery was at
rempted

Postageranve course The patient made an excellent recovery The pulsaung mass
1 hus farehead shranf unnl it became almost invisible One year and agam three years
after the operanon the pauent was reexamined Red blood ecll count 46 million

hemoglobin 1, gm  hematacait reading 39 oXygen saturation 93 per cent He ze
maned well

Comrment "Thus paueat had an anomalous vessel whach arose from the right put
manaty artery and eatended to a vaseular mass whuch commumented directly with the
Ieft suncle Ths probably reprosented 2 developmental anomaly of the pulmonasy
vaseulas bed Funcuonally 1t was smalar ta an anteviovenous ancuryst Dunthermore
the condition was assoviated with 2 systemuc arterio enous aneurysm on hus forehead
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Treatment Cedilamid was given m the dispensary with but temporary smprove
ment The only possible hope for the ifant’s hife was ligation of the nght eternal jug
ular artery and the caroud artery This operation was rapudly performed by Dr Dand
Sabiston The brust and thnll were enurely climinated The heart rate immediatcly
slowed to Go beats per minute and continued to slow for the nest half hour Thereafrer
the heart ction ceased

Autopsy A parual autopsy was performed at the Lutheran Hospital A large ves
sel was found which connected the nght evternal caroud artery, the nuddle memngeal
artery, and the nght lateral dural sinus

Casenvi-2 § \ (Harnet Lane Home, No A-63444, Johns Hophins Hospital, No
467587) White male Furst scen at the Harniet Lane Home tn 1948 at fifteen years of
age * The chief complaint was abnormality of color

History Cyanosis wns first noted at five years of age, when the pauent was seen at
another hospital At this examnation he was found to hwve a pulsating lump on lus
forehead During the ensuing ten years the mass slowly increased 1n size and cyanosis
dccpcn:d ‘The pauent s activity, however, was but shightly resticted Running caused
dyspnea but he could walk a mile and had taken short Scout hthes

Physical examination Temperature 37 1°C, pulse 92 per minute respirations 20
per minute, blood pressure 120/50 mm of mercury

"The patient was a small undernounished lad, intensely cyanotc with marked club-
bing of the extrenuties and a small pulsating mass on his forehead The heart was
normal 1 size The heart sounds were of good quality, no murmur was heard The
remunder of the physical examimaton was negative

Laboratory data Red blood cell count g 5 million hemoglobin 25 gm  hematocrit
reading 77

Electrocardiogram Normal sinus mechanism ‘There was a shght night as devia
tion but the unipolar precordial leads were normal

Teleoroentgenogran The contour of the heart was normal the vascular marhings,
however, were mereased and showed nunimal pulsations 1n the tular shadows (see Fig
ure avi-3)

Angiocardiography Immediately after the dye entered the pulmonary artery rela
tvely large, rounded area was opacified in the nght hilum and a fraction of a second
later the dye was seen 1n the left aunicle This finding suggested the presence of a large
artersovenous aneurysm 1n the nght lung which poured blood directly tmto the left

auncle (sce Figure svi-1)
Diagnosss Arteriovenous aneurysm m the right lung

#This case was also reported by Sloan and Cooley ®
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FI6URE \wi-4  Anomalous commumcauon between the nght pulmonary artery
and the left auncle (Case \v1-2) Child
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Fused cuspy
of Pul Sx ek v

Freure vt Vabvular pulmonary stenosis with an intact
sepnculat seplum

poststenotic dilatanon develops and eventually the pulmonary attery becomes
greatly dilated The right sentrcle 1s normally formed, the \enuneular septum
15intact

Tafandibular stenosss 15 the name gven to the stenosis which ;mvohes the n
fundibular portion of the night ventricle The malformation 15 caused by the
§afure a1n the expansion of the butbus cordss? to form the outflow tract of the
nght ventnicle 1 the normal manner The outflow track of the nght ventricle
may be represented by a narraw pathway which leads to the pulmanary arifice
or the nfundibular chamber may be separated from the nght ventnde by a
muscular ndge n which there 15 only 2 small opening, as shown m Figure
-2 Although stenosis of the infundibular segion 15 the rule sn a tetralogy of
Fallot tts oceurrence with an intact ventrscular septum 15 the great exception

The narrowng of the pulmonary orifice, whether it ts vatvular or infundibu
tar renders »t difficule for the nghs ventndle to pump the blood 110 the put
monary artery Consequently the work of the right ventricle 1s greatly mereased
and the wall of the ught ventricle becames hypertrophied The smaller the open
ing 1o the pulmonary antery, the greater 15 the difficulty 1 the ejection of



CHAPTER XVII
PULMONARY STENOSIS

BSTRUCTION to the pulmonary blood flow 1s usually caused by an
abnormality of the pulmonary valve, 1n some mstances, howeser, the
obstruction occurs within the nght ventricle Both conditions are classt

fiedas ‘pure” pulmonary stenosis because the sole abnormality 1s the pulmonary
stenosis, be 1t valvular or infundibular (see Section A) Occasionally constrictions
occur 1n the branches of the pulmonary artery (see Section ) The last mentioned
condition 1s designated as * perspheral” pulmonary stenosis

A Pure Pulmonary Stenosts
“Pure” pulmonary stenosis with an intact ventricular septum s not a rare
malformation With the advent of cardiac catheterization and Sir Russel Broch s
operation’ for the alleviation of pulmonary stenoss, an extraordinary number of
cases have been reported Furthermore, there are all grades of pulmonary stenosis

NATURE OF THE MALFORMATION

The stenosts 15 usually of the valvular type, 1n rare instances 1t may be located
1n the nfundibulum of the night ventricle The degree of pulmonary stenoss 15
subject to great variation In some instances the pulmonary stenosis 1s so shight
that the condition never causes symptoms and 1s compatible with a long and ac
tive ife In other mnstances the pulmonary stenosis 1s so severe that the mnfant Innes
only a few months It has been the author’s experience that the pulmonary onifice
must be reduced to less than one third of 1ts normal diameter for the condition to
cause symptoms The opening may be only a millimeter or two 1 diameter In
such nstances the mfant will die at an early age unless the stenosts 1s relies ed
by operation

The stenosis of the pulmonary valve results from a fusion of the three sem
lunar cusps over the pulmonary onifice to form a dome which has a central
perforation, as shown mn Figure xvir-1 Such 1s the location of the obstruction 1
approximately g5 per cent of the patients in whom pulmonary stenoss occurs
with an mtact ventricular septum

The pulmonary ring 1s almost always of normal size The pulmonary artery
beyond the valve 15 usually normal at birth Over a pertod of years, however,
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As the work of the nght seatncle wncreases, the nght sentricle fatls to empty
completely and the dastobe pressuse s that chamber nses With the increase 1
the diastohic pressure, the nght aunele encounters difficulty o emptying self,
consequently the worh of the night aunde s mereased The readdy distensible
nght auricle undergoes bath dilatation and hypertrophy

The valve covenng the foramen ovale remans patent 1 appraumately 75
per cent of pattents with this malformation When this oc<urs, the high pressure
1n the nght auricle will eventually push the yalse away from the aunicular sep-
tum and theseby cause functional patency of the foramen as ale Under such ar-
comstances the foraraen avale acts s an escape vahe for the rehef of the hugh
pressure sa the nght auncle and at the same ume a nght to-left shunt 15 estab-
hished through 1 This 1n turn reduces the volume of blaod w tuch 1s dhrected
1o the nght ventnde, consequently the sight ventncular chambes semans
relatnvely smalt but the wall of the nght ventncde may be enormously thick
ened st may be more than 1¢m 1n duchness

CTOURSE CF THE CIRCULATION

Daring fetal life inasmuch as itle blood flows to the lungs, even a severe
degree of pulmonary stenosis places hittle strun upon the heart Although the
wncreased pressure on the right side of the heart causes more than the usual quota
of blood to flow through the foramen ovale to the left auricle and the left ven
tcle and thereby shghtly mereases the work of the left ventnicle, the difference
1 not great At burth the heart is apprastmiately normal 1n size

dfter birth the increased worh demanded of the nght + entricls by pulmonary
stenosss sncreases the pressure m the nght ventrcle and, of this 1s great, st as
transimutced back to the nght auncle The mereased pressure sn that chamber
tends to hold the foramen ovale open Therefore, 1f pulmonary stenasts 15 ex
treme the foramen ovale frequently remains widely patent

When the foramen ovale remains open, part of the blood from the nghe
auncle flows into the nght sentricle and some blood from the rght aunclf 15
shunted 1nto the left auncle ‘The blood which flows mia the nght ventncle 15
pumped out through the stenased pulmonary orifice into the pulmonary arter
:I[xscncc 1 flows slowly to the tungs The blood which reaches the lungs i,:xkcs \f )

" :Zim‘a‘lh(zl:i: ;:C:)gtgsc;\n :’}:; fulllly ;lxygcnnttd blood 1t returned (o the h:fI:
ed with the venous bleod shunted from th

auricle mta that of o e nght

e o mt?x‘}?:);:[ t’i‘:: rrln:ls:t:‘:; t:}f‘ :\ ::D\IS and artenal blood flows frim

< 15 pumped. out through the aorta
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Fioure \vwi-2 Infundibulir pulmonary stenosis with an intact ventricular
septum (same patent as 1n Figure wii-10) Adule

blood from the nght ventricle, ind the greater the work demanded of that
chamber As the wall of the right ventnicle hypertrophues, the musculature at
the base of the pulmonary artery becomes thickened and eventually the muscular
ning becomes so thick that it actually obstructs the outflow of blood from that
chamber Consequently 2 vicious eircle 15 set up which leads to sull greater hy
pertrophy

Furthermore, 1t scems probable that the fibrouc valve grows more slowly
than does the normal valve and therefore the stenosis of the pulmonary ortfice
becomes proportionally greater with the growth of the indvidual Certatn 1t 18
that this malformation 1s one wlhich may lead to progressive cardiac enlarge
ment Since there 15 no left to-right shunt, there 15 no mcrease in the volume of
blood which the right ventricle must pump Consequently there 1s hittle or no
dilatation of the right ventricle The enlargement 1s almost entirely due to hy
pcrtrophy of the muscular wall
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CLINICAL FINDINGS

The chmeal findings® ® vasy with the sesenty of the pulmonary stenosis and
with the structure of the foramen av ale The more extreme the pulmonary steno-
s the greater i the tendency for the foramen ov ale ta rernawn pateat Nevesthe
Iess, the foramen o+ ale may become completely sealed even though the pulmo-
nacy stenosis s exlrcmdy severe

i 1he pulmonary stenoss 15 shght, the pauent 15 entircly asymptomatic
1t 15 only the presence of a harsh systolie murmur and 2 weak second sound
which idicates that the murmur 15 of more than functional ongin 3, on the
ather hand the stenoss 1s sesere; the condition causes progressie cardiac ¢n
largement and, unless the obstructian s relieved, 1t ey entuatly leads to cardiac
fardure

The appearance of the panent 15 remarhable only mn that he 15 usually strong
andwell developed Infants are often exceptionally sturdy, growth and develop-
ment are normal

Dyspucas the outstanding complamt The dyspnea s related to the pauent s
abihity to mcrease the pulmonary blood flow rather than to a venous-artertal
shunt 1f the pulmonary stenosts 1s extreme, the patient ssmply cannet apprect
ably increase the pulmonary blood flow with excrase This means that bhe 1s
unable to merease the minute outpur of the heart and consequently cannot
crease the supply of oxygen to the body or to the brain Therefore, even though
the patient shows no cyanosis and he has a normal arterial oxygen saturation,
he becomes dyspretc on shight exertion and staps to rest Infants with thas type

of pulmonary stenoss rarely sufler from attacks of paroxysmal dysprea, chui
dren seldom squat when tired '

It 3s smportant to r ber that compl, are late festations of thys
malformation Many patients ase asymptomatc wnol cardy adult hie This f
w3 idly Whistrated by 1wo pabents whom the author has seen One was -
who had served in the Merchant Marine dunng World War n and at !a oy
o years of age developed severe cardiac failure ‘The other had been t“cmy
lTete sn bus college class but at twenty four yeacs of 3ge WIS S0 mncapacit; ndﬂii: Y
could scarcely walk acsoss the room Indeed, because of his hll:mr :“cf ) h“ "
tp;:v:;s:xs\ikus su(oin)g physique combined wth the fact that he sgcr‘:: :a::ch
ng 1n
e s Dg,; ” l::c C:g:n;::, :; ﬁ%eh :u::z: s assistants sased the question
iluomc cardiac farture clearly indicated that h\sncl:: ;“X’d‘“ ‘“‘3'8'-“““‘ o
ater he heeled over 1 bed and was dead Fo g o) Tho days

rtupately, with t
duac susgery, s sequence of events s sefdom, of ever, Z;en he advent of car
s
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to the systemic aarculation and 1s returned n the normal manner by the superior
vena cava and the inferior vena cava to the nght auncle There the cycle starts
again (sec Diagram vi-1) It 1s the establishment of a right to-left shunt
through the foramen ovale which renders the patient cyanotic

Since the venous artersal shunt i thus malformation 1s established through
the foreman ovale, as long as the foramen ovale 1s functionally closed and in all
wstances i which the foramen ovale becomes completely sealed, the course of
the circulation 15 normal The blood from the right auricle flows wto the nght
ventricle and 1s pumped out with difficulty through the pulmonary orifice into
the pulmonary artery Inasmuch as the pulmonary pressure 1s low, the blood m
the pulmonry artery flows slowly to the lungs Nevertheless, all the blood which
goes to the lungs 1s fully oxygenated and 1s returned 1n the normal fashion by
the pulmonary veins to the left auricle and the left ventricle From the left ven
tricle the blood 1s pumped out by way of the aorta to the systemic circulation and
1s returned by the supertor and infenor venae cavae to the night auricle, there the
cycle starts agam, as shown 1n Diagram xvir-2

PHASIOLOGY OF THE MALFORMATION

The pulmonary stenoss causes difficulty 1n the expulston of blood from the
right ventricle but 1t also protects the lungs from the high pressure generated n
that chamber Conscquently the difficulty imposed upon the circulation 1s prt
marily that of the increased work required of the night ventricle If the pulme-
nary stenosis 1s extreme, the pulmonary blood flow 15 low and the systemic blood
flow 1s correspondingly low Nevertheless, 1f the foramen ovale 15 sealed, the
oxygen saturation of the arteral blood 1s normal The slow circulation enables
the body to take up a large amount of oxygen and nutrition from the blood as 1t
passes through the capillanies The nutnition of the indwidual 1s correspondingly
good
The stenosss of the pulmonary valve not only increases the work requured of
the right ventricle to pump the blood 1nto the pulmonary artery, but 1t also
breaks the force with which the blood 1s ejected mto the pulmonary artery, and,
furthermore, that force 1s dissipated 1n all directions Blood pools in the main
pulmonary artery and flows slowly to the lungs The dissipation of the energy
generated 1 the night ventricle 15 the most probable explanation of the post
stenotic dilatation of the pulmonary artery Be that as 1t may, poststenotic dilata
tion of the pulmonary artery 1s the rule In most instances the longer the duratior

of the pulmonary stenosis and the greater 1ts seventy, the greater 1s the post
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DiacraM AvI~T

Valylar pulmonary stenoss & 2k an ntact ventrcedar
septns and @ patent foraen atale

The esseausal feature of this mabformauon 1 the stenosss of 1he putmonary value con
buned with pateacy of the foramen ovale The ductis actecasus is completely sbluer
ated

The blood from the nght anncle fows both into the nght vemicle and through
the foramen ovale o b feft auncle. The blood from the nght sencedle 1 fored
dhrough the sienosed pulmonary onfice to the lungs where € 1s 03y genated, and the
oaygenated blood is returned by the pumonary veins 1othe et auncle, where st merts
e venous blood which has been forced from the night avacle through the foramen
ovale e the left autde the admusies of venous and artenal blood flows nto the
Jefe ventnicle and out by way of the a0sta to the systeric cyrcufaton and s cecwrned by
the superior and wfenor senac cavac o the nght suncle ‘There the cyele stans agan

"The ohstruction to the expulsion of blood from the night ventade causes ddatation
and hy pertcaphy of that chamber The increased pressure i the nghtveninele 1 trans

ratted hack 1nto the nght aunde which becomes enlarged Fhe paency of he fora
men ovale acts agan {',m?{ valve

queadly there 15 less hyperteophy and dit
of th right auncle under these condinons than when the foramen ovale is completcly
dostd Moreover there 1 fess engorgement of the hyver and 1 seldom putsates

Inasmuch as there 1s tugh pressure on the nght side of the heart and patency of the
foramen ovale a righe co-Jeft shust 15 established between the two auncles The extent
of the oxygen unsaturavon of the artenal blood depends upon the volume of venous
blood shunted from the aght susicle ta the lelt aunde As this mereases the patient
develops ¢y anass and polyeythenasia

Chical diagnosts The imsensity of the cyanosis vanes wath the seventy of the pud
monary stenosis and the extent of pacency of the faramen ovale When the s enows 1
streme cyaposss may date trom bith Usually bowever cyanoss appears between
the second unid the soh year of hfe and Sowly ncreases s e nsiy Dyspnea 1s more
marhed than ¢yanosis Examnavion of the heart shows a basal systotic murmur and
thedl The second sound at the base s weah or absent ‘There 15 progresuve ¢ In ;
fient of the nght sentucle wud the ught auncle There s fullness ogxhc )C ), o
wonus which also becomes progressively more marhed becase af the posts i” mDZ\")’
ot of the pul y anery The electrocardiogram shows a raghe ag: d‘vmm "
cudence of right ventricular hypenrophy Teromnally sthe hearlgbrmm i and
eaberged and vhere 25 engosgensent of the Tiver agd there may be boc}i e
ascites The condition should howeser be corrected b i ih cdomis on

Y surgery before the heast by

comes greatly enfarged the
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Diacram avii-2

Valyslar pulnionary stenosts sith an untact
ventricular septuns

The sole abuormality 1 thus malformation 1s the stenosss at the onifice of the puimo-
aans arters. The theee seriunar valves are fused together to form a dome with 2 ¢er
tral perk The ductus 15 completely obl
cloed

The blood from the nght auncle flows st the nght ventricle and that whch can
be foreed through the pulmonary anfice goes 10 the fungs and 13 returned by the pul
mysary veins 1o the left sundle Thence 1t flows 1o the left ventucle and out by way
of the 20ta to the systeme Greulation and 15 ewened by the supenor and inferor
stnac eavac to the nght auncle

"The abstructson ta the ouflow of blood from the nght ventucle causes dilatasen
and hypectraghy of thiae chiamber ‘The wereased work requiced of the nght ventacle
rayses the pressitce i that chamber and this 1 turn increases the work. required of the

nght auncle it too i$ difated and hypertrophied The inferior vena cavass dilated and
the liner 15 engorged and pulsates

4, the foramen ovale 15

Inasmuch as there 1s no abnormal communcation between the two arculauons

there 15 no venous artenial shunt Consequently, the oxygen saturation of the arteral
blood 1s normal

Clinseal dragnons Cyanosis 1s absent Dyspnea may be extreme There 15 a basal
;)s(ohc murmur and a thrl} The second sound at the base 1s weall or absent The
tart undy prog X ‘The enl. 15 mat
3 nly due to }
rophy of the nght ventncle and cz,o diata e b 2o

won and hypertrophy of the nght aunc
There 1 full £ k o
; e 1S uax:::yo T‘:: }:\A‘monar‘)' conus d;c to po tstenotic dilatauon of the man
pimon ¥ gram shows a ught axis devianon and evidence
of nght venucutar hyperraphy Ternunally the bver 1 engorged and pulsates and
there may be both edema of the extrermitses and asctes ?
The condition can and should b
e condui e corzected by surgery a soon as there 15 evidence
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aith shight

e s iy gl s o S S e
patency of the foramen ovale than when the v P
of the presence or absence of cyanosts, pulsanons of the luer ace ;n \
tugh pressuze 1n the nght auncle and hence of a servere degree of pulmonacy
srenos:s ‘Thesefore this finding 15 2 strong indication for prompt operation

Edema and ascies may occur 3 Sate mantfestations of the nght sided heart
farlure Nesertheless, oning to the difficulty sn the espulsion of blood from the
sght entricle, pulmuanacy congestion 1s rare

Epusodes of collapse and loss of conscronsness arc not uncomunon termnal
manifestations, because the pattent suffers from a Jow peimonary blood flow
and a corsespondingly low systemic bload flow Indeed, there may be a striking
discrepancy between the panent s sturdy growth and lus lustory of former ac
oy and the sudden desvelopment of Jassitude and exhaustion As 3 matter of
fact the pulmonary blood flow may become so meager that hife just peters out

CARDIAC FINDINGS

The size of the heart and the rate of enlar gersent vary with the severity of the
pulmonary stenosis Jf the pulmonary stenoss 1s shght to maderate, the malfor
maton does not cawse cardhac enlargement When the pulmonary stenosis 15
severe, the condivon leads to progressi e enlargement Cardiac enlargement pre
cedes symptonts Therefore it 15 extremely important for panents suspected of
this malfarmanon to be kept uader close obsenvation This 1s espeaally truc for
mfants o cardsac enfargement may occur wath extraordmary rapidity More
over, months are o an infant as years are to a child of ten Therefore the infane
should be followed at monthly intervals for evidence of 1ncrease 1 heart size
The two x rays w Figure wir3 show 2 tremendous nerease  the size of the
heart This oconrsed 1n an infant between six montbs and one year of age If
the heart becomes definntely enlarged or the mfant dey elops pulsations at the
wargin of the bver or shaws sgns of cardrac failure, prompt operation 15 1nds
cated
In chuldren however cardiac enlargement ogeurs more slowly For this rea

sondchangcs 1n the electrocardiogram ate 2 more sensne sndex 1o ncreasing
:Ia\r ;ac ém;m th;u; are the changes wn the X ray (see Electrocardiographie Find
gs) Cardiac ealargement may also occur ra
pidly duning the spurt of
which accurs at puberty "Theres, d s ; o

ore at this age, changes wa the size
become significant & ¥ fteanagen

The zate of enlargement depends upon the amount of work sequired of the
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The occurrence of cyanosts depends primanly upon the structure of the
auncular septum * If the aunicular septum 1s mtact and the foramen ovale 15
complctely scaled, there 1s no communication betw een the two sides of the heart
Even though the pressure m the nght auricle 15 greatly increased, there 15 no
venous artersal shunt Cyanosis 1s absent The oxygen saturation of the arteral
bleod 1s nermal

Since the foramen ovale 15 normally patent at birth, in the presence of pul
monary stenosts a right to-left shunt may be readily established 1mmediately
after birth For this reason nfants with pulmonary stenosis frequently show
cyanosts at birth Generally, however, the foramen ovale tends to close, the nght
to-left shunt lessens, and not infrequently eyanosis enturely disappears

On the other hand, if the foramen ovale remarns patent, as the pulmonary
stenosts 1ncreases the pressure 1 the nght ventnicle nises and this mn turn 0
creases the pressure in the nght auricle, under such circumstances the foramen
ovale 1s agun forced open and the nght to-left shunt 1s established When the
volume of the shunt 15 sufficiently great, the patient develops cyanosis Conse
quently, although cyanosis due to patency of the foramen ovale may date from
burth, or may be present at birth and subsequently disappear, 1t frequently desel
ops msidiously and becomes apparent when the patient 15 betw een two and seven
years of 1ge Thereafter, unless the stenosis 1s relieved, the cyanosis gradually i
creases il wntensity

Polycythena develops as the oxygen unsaturation of the artenal blood m
creases The red blood cell count, the amount of available hemoglobn, and the
hematocrit reading may reach as lugh levels in these patients as in any other pa
tient who has a persistent venous artersal shunt The mcrease 1n the hemoglobin
1n turn increases the wntensity of the cyanosts

Clubbing of the extremties gradually develops as the polycythemia increases

The venous pressure becomes mncreased when the pressure in the right aurrcle
becomes abnormally lugh

The neck vessels become engorged and often show conspicuous pulsattons

The liwer gradually enlarges and frequently extends from two to three finger
breadths below the costal margin Owing to the hugh pressure on the nght side
of the heart and the difficulty in the expulsion of blood from the nght aurcle,
the forceful contractions of the nght aunicle are frequently transmitted back to
the margn of the hver Such pulsations are presystolic 1n time and may occur
with minimal engorgement of the liver Inasmuch as the foramen ovale ac]ts as
an escape valve for the hugh pressure in the right aurcle, pulsations 1n the Iner
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are more frequently palpable with 2 dlosed auneular septum or with shght
patency of the foramen 6y ale than when the valse 15 widely patent Regardless
of the presence or absence of cyanosis, pulsations of the {wer are indicatve of
ugh pressure 1n the righe aurscle and hence of & severe degree of pulmanacy
stenosss Therefore thus finding 15 2 strong mdscason for prompt eperation

Fdema and ascites may occur as $ate manifestations of the nght suled hert
farlure Nevertheless, owing to the dfficulty m the expulsion of blood from the
nght ventrscle, pultmonary cangestior 18 rare

Episodes of collapse and loss of consciousness are not uncomman termunal
snamsfestations, because the patent suffess from a low pulmonary blood flow
and a correspondingly Jow sysieue blood flow Tndeed, there may be a stnking
ducrepancy between the pateat s sturdy groth and lus tustory of former ac
vty and the sudden desclopment of lassitude and exhaustion As a matter of
fact the pulmonary blood flow may became so meager that hfe just peters out

CARDIAC FINDINGS

The size of the eart and the rate of enlargement vary with the seerty of the
pul y stenosts 1f the pul y stenoss 15 shght to moderate, the mallar
maton does not cause carduac enlargement When the pulmonary stenosis 1s
severe the condition leads to progressive enlargement Cardiac enlargement pre
cedes symptoms Thercfore 1t 15 extremely ymportant for patients suspected of
tns malformation to be kept under close observation This is especially true for
wfants as carduac enlargement may occur with extraordinary rapidity More
over, manths ase to an wfant as years are to a child of ten Therefore the infant
s;-\;uld be followed at monthiy itervals for evidence of mcrease 1n heart size
S :r :W ; h}:z :“1;1[ l:;gutc xvii-3 show a tremendous merease 0 the size of the

ed 1 an infant between six months and one year of age If

margin of the Wver or shows stgns of cardiac talure, prompt operation 13 inch
e 1y h { £; di
g di s P! pt ope

In children howese il t slowly For this rea
d oweser cardiac ¢ \argcmm oceurs more sl y 18 I
son <hanges 1 the ¢ T: e dex to
ges 1 the kctrocardxog am are a more sensitive ndex to increasing

cardia stram than are the ol
anges i the X ra
mgs) Carchac enlargement may also occur rmy iy donmg e e i

which oceurs at puberty Therefore at this age

pudly during the spurt of growth
become signuficat

, changes 1n the size of heart again

The
rate of entargernent depends upon the amount of work required of the
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At siumonths

Atone year

Ticure \wi-3  Severe valvular pulmonary stenosis with an mtact
ventricular septum Infant
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night vestriele Therefore the stze of the heast vanes not oaly % wh the seventy
of the pulmonary stenesss, bt atso with the Inad placed on the beart by physical
exeruon The author has seen one woman W nh severe pultmonary steaosis and
apressute of neatly 200 mem of mereury m the nght ventricle who had lead such
aquet,restricted life that her heart had remamed normal an size Usually severe
pulmonary sienoss leads to great carduac enlargement

Rapid 1ncrease in the size of the heart Junng dnighood at the penod when
growth s slow should suggest the possibiliry that the stenosis ts tnfundibular, not
~ajvalar,m type

A harss spstolec muraiae and a thrdd ave produced 23 the blood s forced
throngh the stenosed pulmonary onfice anto the pulmonary artery Roth the
conemnur aisd the thill are mawmal over the pulmonary area The thnll s often
readsly palpable 1n the suprasternat fossa In cases of severe pulmonary stenoss

and great cacdhac enlargement, the murmur 15 well heard high up beneath the
fefr clavicle and 1 frequently well ¢

4 to the nterseapular segion The
Gbrosis of the valve, combed with the low pressure 1 the pulmonary astery,
prevents an abrupt or snappmy closure of 1s salve, consequendy the pulmonse
s cond sound 15 weak or absent. Nevertheless, the murmur ends abruptly wih
the end of systole The pulmenary valve 15 usually competent, diastole 15 clear
It 1s the harsh systohe muemur that ends abruptly, combined wath a weak or
absent second souad, which gues the chue tothe diagnosss

Ttas smpartant o serncrober that an afant may have such an extreme degree
of pulmanary stenons that there 55 no murmur or thrrll, such 3 snfant suffers
from sapid carduac enlargement and carduac farlure assocrated with an engorged
pulsating Iner

In the presence of great cardac enlargement there 15 usually an apical systalic
mur;]zur which 1s transmutted to the axitla and alse a gallop chythm
fund,:“ ;:xra:z:;;r:::‘t:::ii ;:: ;hdr, ;xx;zr/m:mal notch 1s absent when there 15 1y
e serond ey murmus and thail are maximal high up 1w

space ta the left of the sternum The murmuor and the thnll ar

frequently of maximal intensey at alower fevel 1n mfundsbul .
valvularstenosis of a comparabledegree Occastopally th A
aner dhe b of the beany s s s nally the second sound is audible
s § 15 also suggestive of an infundibular ste

Cardiac farlure
may oceur 1 the neonat
largesent Yt 1s manfested b al penod without great cardiac e

¥ cyanosis and by eny
et ! ¥ engorgement of the fner
P atitsmargn There may even be generahized edema The mfamwml:lx};
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be greatly helped by digitalis As the baby regains compensation, cyanosss lessens
and may disappear and thereafter he may do well for a number of months or
even for years

In contrast to this, if the mfant docs well 1n the neonatal period but duning
the subsequent months dev elops cardiac enlargement and cardiac failure, early
operation 1s urgently indicated (sce under Treatment)

In cluldren and adults cardiac failure 1s a late manifestation As long as the
heart 15 able to enlarge to mect the needs of the indiidual, the patient remans
asymptomatic Consequently, by the tme cardiac failure develops, the heart s
always greatly enlarged The Iiver 1s engorged and usually pulsations are palpa
ble at 1ts margmn Edema develops and subsequently there may be ascites The
lungs remain relatively clear Even at this time prompt relief of the pulmonary
stenosis may be of great benefit to the patient

N RAY AND FLUOROSCOPIC FINDINGS

The ~ ray and fluoroscopic findings are distinctive The second curve to the
left of the sternum 1s exaggerated If the stenosis 1s slight or moderate, the heart
may be normal in size Usually the night ventricle 1s hypertrophsed and the heart
appears to be slightly to moderately enlarged Owing to the development of post
stenotic dilatation of the pulmonary artery, n children and adults the main pul
monary artery 15 usually enlarged and there 1s fullness in the region of the pul
monary conus, as shown in Figures \s11-4,5,6,and 15

When the pulmonary stenosts 1s extreme, the heart may become enormously
enlarged The enlargement of the nght ventricle 1s so great that 1t not only
presses agamst the anterior chest wall but also displaces the left ventricle bach
ward and the pulmonary artery upward The greatly dilated pulmonary artery
hes above the thick walled right ventricle and the pulmonary valve and the matn
segment of the pulmonary artery lie at an abnormally high les el

The absence of poststenotic dilatation of the pulmonary artery 1s sometumes
considered mdicative of infundibular stenosis There are, however, many excep
tons The charactenistic fullness of the pulmonary conus 1s frequently absent 18
early infancy, as poststenotic dilatation takes time to develop Indeed,n chuldren
with extreme pulmonary stenosis (sce Figure xvui-8), so little blood may be
pumped through the pulmenary onifice that poststenotic dilatatton of the d};ulm(;
nary artery does not occur Furthermore, the charactenstic fullness of the gun
monary conus may occur 1n children with infundibular stenosis as 1llustrate : }1lc
Figure wi-9 Nevertheless, 1 older patients with great cardiac enlargement,
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Antenior posterior position

Left anterior oblique position

Fictre \wi-4 - Valvular pulmonary stenosis with an intact ventricular
sepum (same pauent as m Figures wu-t3 14) Child



)6 SPECIFIC MALFORMATIONS

[:op/ayu:

ANTERIOR POSTERIOR POSITION

Lropagus .\
Trasdea T AN

IEFT ANTERIOR OBLIQUE POSITION

Ficure wu-5  {A) Valvular pulmonary stenosis with an miact veatricular
septum and (B) normal heart €inld
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]
| VIR

Fieurs 116 Valyular pulmonary stenosis w sth an intact ventncular
seprum {same pattent as u Fugure w1=7) Adule

absence of fullness of the pulmonary conus, as shown n Figute x\ui-1o, usually
1s ndicauve of infundibular stenosis

In the left antenor-oblique poston the nght ventacle 15 usually scen to be
enlarged {see Figures xvii-4, 5, and 7). When the heart 1s greatly enlarged, the
nght ventricle becomes flattened aganst the sternum* and further enfargement
of the nght ventncle displaces the left ventnicle backward so that the heatt does
not clear the spinal caluma untl the patent 1s rotated to an angle of Go degrees
Under such curcumstances, 1t 1s usually passible ta detect the mterventricular
groove The postersor position of thus groove adds con firmatory evidence that
the 1ncrease n the size of the heart 15 manly due to the great nght ventricular
hypertrophy (see Figure xv11-5)

Examination 1n the nght anterior-oblique position contributes hule, except
that the left auncle 1s of normal size and the esophagram 1s normal

Fluoroscopic examnation mds sull further 1n the diagnoss as there 1s a
strshing discrepancy betw een the size of the pulmonary conus and the pulsations
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Lett anterior-oblique
position

Right antenior obhque
l)OSl“Oﬂ

ntricular

Ticure wwi—7  Valvular pulmonary stenosts with an mtact ve:
septum (same patient as Figure xv11-6) Adult
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Before operavon

W7 - ”"‘L‘;m"’

a

After operauon

FIGURE 3-8 Seyere aly ular pulmonary stenosis with an intact
ventricular septum Chyld
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i

Ficure vwu-9  Infundibular pulmonary stenosts with an mtact
ventricular septum Child

‘
~

[iourr \ut-to  Infundibular pulmonary stenosis with an intact ventnicular
septum (same pauent as 1n Figure \vi1-2) Adult
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ulsations
1n the maw branches of the pulmonary arteries Evemaf thcln. :ll)n: \ 1s;‘blc pf o
es of the
Isattons 1 the left and nght branc
1n the pulmonary conus, the pul .
mon;\g' artery are minmal or absent The greater the cardiac enlargement, U
a
quicter are the hular shadows In patients with mmmal cardiac cnhrgcm:x}u,
i
hular dance may be discerned, 1n those with patency of the foramen ovale the
15 an actual reducton 1n the pulmonary blood flow and the lungs are proportion
ately clear

ELECTROCARDIOCRAPHIC FINDINGS

"The clectrocardiogram 15 of great aid not only 1n the diagnoss of this mal
formation but 1n an esumation of the seventy of the pulmonary stenosis A nght
aws deviaton and evidence of right yentricular hy pertrophy are charactenstic of

pure pulmonary stenosis Furthermore, as the worh of the nght veatricle m
creascs, the umpolar precordial leads show evidence of progressncly greater nght
ventricular hypertrophy and so-called nght ventncular stramn’

When the pulmonary stenosts 1s extremely nuld, the electrocardiogram may
show only a nght axis deviation and the unipolar precordial leads wall be nor
mal As the work of the nght ventricle increases, the umipolar precordial leads
refleet the progressve nght ventncular hypertrophy When the pressure 1s un
der 8o mm of mercury, the R wave in Vi 15 usually prominent but the T wave
remans upright As the pressure 1n the nght ventricle increases, the T waves in
Vi become mnverted This usually does not occur untl the pressure 1s between 100
and 120mm of mercury As the pressure in the ight ventncle niscs sull further,
the pattern of socalled nght ventnicular stran develops that 15, a shight delay
m the onset of the intrinsicord deflection of Vi and a tall R wave combined with
taversion of the T waves in Vi, possibly 1n Ve and even 1in Vs, the T wave 1n Vs
tends to become upright the S waves over the left precordium are deep Such
changes (see Figure xvi-11) are usually ndicative of a right ventricular pres
sure of more than 140 mm of mercury

The changes in the clectrocardiogram usually become apparent before there
1s any detectable enlargement 1n the x ray Therefore senal elec
are extremely useful in the evaluation of the conds
avaluation of the electrocard k
diac cathetenzation ;

trocardiograms
tion of the patient Careful
s the necessity for car

findings ¢l

In childhood electrocardiographic evidence of rapidl
tricular strain which 15 out of vt o o e

proportion to an increase 1n the size of (}
he heart 1s
always suggestive that the stenosss 15 wfundibular and not valvular
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The P waves reflect the 1mount of work required of the auricle As the pres
sure in the nght ventricle rises, the pressure 1n the night auncle also nses and the
nght auricle undergoes dilatation and hypertrophy Under such circumstances
the P wa es ate both broad and rl, consequently they resemble the Appalachian
Mountans rather than the tall, sharp peaks of the Himalayas

SPECIAL TESTS

The ctrenlation trme (arm to tongue) 1 usually normnl or prolonged Fuen
though the foramen ovale 15 widely patent, sufficient test materal 15 seldom
shunted through the foramen ovale to the systemic circulation to grve 2 short ar
culation ime The circulation tme 1s commonly from twelve to fifteen seconds
achild and may be over twenty seconds n n 2dult Ininfants the normal ciresla
tron time 1s so short that the test 1s seldom significant, indeed, i the presence ofa
widely patent foramen ovale the circulation time may be phenomenally short

The oxygen saturation of the arterial blood vanies with the amount of venous
blood which 15 shunted through the foramen ovale If the foramen ovale 15
widely patent, the oxygen saturation of the artertal blood may be greatly e
duced Usnally, however, even mn the presence of persistent cvanosts, the arteral
o\ygen situration 1s relatvely high and falls but slightly with exercisc In pa
tients with an mtact aunicular septum, the oxygen saturation of the artersal blood
1s norrmal

The exercise test usually shows no increase 1 the oxygen consumption pet
liter of ventilation ® In other words, the pulmonary stenosis prevents the increase
1n the pulmonary blood flow which normally occurs during exercise
Cardsac catheterszazion reveals a hugh pressure mn the night ventncle and 2
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rht aun
le s also smcreased The axygen content of the blood 1n 5 Al
right ventricle, and m the pulmonary astery should be cswnmllyd the sa:::‘o "
though the over all shuat 1s from nght to left, f the catheter 35 ”}‘:“ s
stream of the shunt and the sample 15 tahen close to the apenug 11 Hhe ;‘“’ ";
septum the exygen content of this sample may be ugher than that 13] md ffm:‘
the supenor vena cava, thereby giving the inpression diat there 152 g "5‘{ che
@ the auncular septum Occasionally, even though there 1s no gross defect 3n
the austcular septusn, the catheter may be passed through the foramen ovale nto
the left aurtle When the pulmonary Stcnons 15 EXtene, it may be dufficult or
\mposuible ta pass the cathieter ito the pulmonary artery
1f the pressure 1n the nght ventnde exceeds systemic Pressuse, 1¢ 15 ssong
presumptine evdence that the ventrcular septum 15 mtact It 15, howerer, es-
sential to cathetensze the pulmonary astery because only the combimauon of bugh
pressure in the nght ventncle and low pressure sn the pulmonary artery prascs
the enistence of pulmonary stenosis Figure xvte-1z shows the abrupt change m
the pressure at the level of the pulmonary vahie as the catherer 1s withdrawn
from the pulmonary artery it the nght ventacle
A few words of caution 1 tegard to cathetenizauan are necessary Serious
symptoms may develop if the size of the catheter 15 such as to occlude the pul
monary anfice and theseby cut off the supply of blood to the lung Purthermore,
s the presence of great nght ventncalar hy pertsophy there 15 real danger that
cathetenzation of the night ventnicle may precipitate sentricular fibrillation
Fially st should be remembered that with myocarchal falure, the pressuse 1n
the nght ventnicle will falf
Cardiac cathetetization may be of value n the differentiavion of infundibular
from vahlar stenosis In vabvular stenosis the catheter passes directly from an
area of ngh pressure to an arca of low pressuse. When the stenows hes wathin
the sentsicle the catheter passes from the area of bigh pressure through an area
of lower ventneular pressure before 1t enters the pulmonary artery Funthermore,
:l:::‘:";; li:;:frl::c gsi !hC] cmh:(lcx mtothe putmonary artery, the obstruction
stenogts of the valvulzr ¢ : 1‘:;:: z;‘? on an wfundibular sicaoss s na
the differences upon caihs:cnz Wi . :s;; e Ph’ oa s on his g“:mj,
Angrocardiography sh ion iay be overdoohed
fre thge it graphy shows prompt opacification of the night side of the heart,
e nght aunicle and then the right ventricle 15 filled It 1 usually possible
monstrate that the night ventnde 1s thick walled asthe dye does not exzend
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Fioure \vi-12 - Valvular pulmonary stenosis

Pressure traciag shaw ing abrupt change i pressure betwcen
the pulmonary artery and the night ventrnicle Pressure
recording pulmonary artery 22/9g mm Hg nght
sentricle 140/.4 mm Hg

to the margn of the cardiac silhouette The pulmonary artery 1s promptly opact
fied Nevertheless, owing to the pulmonary stenosss, only a small amount of dye
1s ejected mnto the pulmonary artery with cach ventsicular systole Consequently,
although the main pulmonary artery fills immediately, 1t continues to fill over @
long period of ume The aorta 1s not promptly delineated and 1s never opacified
before the left auricle and the left ventricle are filled The latter are always better
visuahized 1n the lateral position than 1n the anterior posterior position There

fore angtocardiograms in both positions are important When there 15 patency
of the foramen ovale due to the constant shunting of a small amount of blood
through the foramen ovale, the aorta 1s usually famtly outhned and dye mn smalt
concentration remains in the aorta for seyveral seconds and then disappears Inas
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mach as Wb blood Haws slowly fram the pulmonary artery 0 ‘l\c[ \ungs; d)ca ::
fugh concentranon may SERUR i the mawn pulmonary artery a u:rE 1(;\ :T‘s g
appeared from the aorta Fx;gu;;s W sl:—‘xg am,} ;i‘ﬁz:;tr}; ::Zi;r:n g 0 y
artery 1 3 i Wl age

o f: I:::zn:arsz t:thi, the angxonnrdxopgmm of an infant with 2 widely patent
foramen ovale may shaw sach prosopt and dense apacificanion of the aorta sumul
taneatsly with the delineation of the plmonary artery that the condiion may be
rastahen for a tetradogy of Fallot

A ward of warming w segard to angsocardography of the put y steno-
1515 extreme, throughout the time thit the dye 1s bang ejected wio the pulmo-
nary artery, the czcnlation of blood ta the lungs s vrrually cut off For this
reason angioardiography 1 dangesaus for patients with severe pulmonary ste
nasts, it 15 espeaially dangerous for those widh an catremely fow artenal oy gen
saturation Indeed, the deprisation of onygen may be fatal

DIACGNDSIS

The owstanding features of this malformanon are 2 harsh systebie murmur
and 2 thelt over the pulmonary ares, combined wath a weak or absent second
sound at the base The pahient mag or may not show cyanests The mnsihous de
selop af cyanoss 1n chiidhood 1s comman The demonstration of pulsatians
st the margn of the liver sudseates that the stenosis1s extremely severe

The electrocardiogram shows a nght axs deviation and generally shows the
pattesn of nght ventneular hypertsophy X ray examination almest i anably
shows fullness of the pulmonary conus and enlargement of the man branches
of the pulmonary artery Upon fluorgscapy there 15 a discrepancy between the
prownense of the pulmonary conus and the pulsations in the hilar shadows the
former 1s consprcuous the latter are minimal or absent

The dagnoss can be defintinely established by cardiac catheterzation pro-
vided the pulmonary artery 1s cathetenzed When there 18 no evidence of 3 feft

tonght mtracardiac shunt the finding of agh pressure 1 the npht sentncle
combined with low pressure 1n the pulmonary artery is mdicatve of pulmonary

stenasis with anantact ventncular septum
The differentianon of infundibular from valvalar stenoas although difficule
and mdeed sometmes impossible, g5 extremely unportant In r/u}a'rgm the e
dence of rapsd cardiac enfargement i the x ray or of rapidly progressive llt
ventrcular hypertrophy 1w the elecrrocardiogram shauld suggest \ﬁnt th o
s 1s nfundibular The findsng of » murmur maximal 1 the second lc‘;t 5::‘“:
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Figure \wi-12 Valvular pulmonary stenosis

Pressure tracng show g, abrupt change i pressure betwcen
the pulmonary artery and the night ventricle Pressure
recording pulmonary artery 2./9 mm Hg nght
venncle 140/ mm Hg

to the margun of the cardrac silhouette ‘The pulmonary artery 1s promptly opact
fied Nevertheless, owing to the pulmonary stenosis, only a small amount of dye
15 ejected into the pulmonary artery with each ventricular systole Consequently,
although the main pulmonary artery fills immediately, 1t continues to fill overa
long penod of time The gorta 1s not promptly delineated and 1s never opacified
before the left auricle and the left ventricle are filled The latter are always better
visualized 1 the lateral position than mn the anterior postenior posiion There

fore angiocardiograms 1n both positions are important When there 1s patency
of the foramen ovale duc to the constant shunting of a small amount of blood
through the foramen ovale, the aorta 1s usually faintly outlined and dye 1n small
concentration remains 1n the aorta for several scconds and then disappears Inas
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At seven seconds

Fiwtse -1y Valvular pulmonary stenosis with an intact ventriculas
sepum (series from Figure \wu-13 continued same patient as 1

Figure wii-3) Chald

Note dye sull visible 1 the main pulmonary artery at seven seconds
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At onc second

At o seconds

Ficure avii-1,  Valvular pulmonary stenosis with an tatact ventricular
septum (same patient as in Figure wi—~4) Chuld
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Ebstesn 5 anomaly of the triensp id valie when extreme, Iay closely resc ml;'{c
severe Jong wanding pulmonary stenoss In Eb ten s anomaly faugue 15 4 :{c
outstapding complamt, Cyanosis 18 moie raarhed than dyspacs, the ficatt sounds
2t i, thie sssTess ds¢ bhucred and confused, and arrhythmias are common
Compensanon 15 frequently precanous but pulsauons at the margsm of the hner
are pesalfy absent The eheetracacdiogram ustally ditfesennaces the tvo comd
wons s Ebstesn s anomaly the defleciions i Vi are of Joww amphtude and the
QRS 15 of {ong , wheyeas i pul y stenosis the R wave o Vi s
tafl Angiocasdiography shows enormous ditatavion of the pght avnce 3nd an
extsemnely thin walled nght ventncle Carduae cathetenzation shows anceeased
pressure 10 the right auncle and nesmal pressore n the nght ventricle and m the
puleonacy anery

Comsplese sransposshon of the great vessels may be confused with pulmonary
stenoss during the st weehs of ife In both condinens cyanosis may date from
Dbueth the hieart 15 normaS m size, there 18 1o fullness of the pulmonary conus,
and the vaseular matkings 10 the fungs are normal or shphily tereased Mare
aver, both conditions may cause cardyac Fmbore at an carly 3pe In pure pulmo-
nary stenosis howeser, the electrocardiogram shaws greater essdence of nght
vestrionlar hypertrophy than 15 usual an a compiere wanspostion of the great
vessels The chmeal course ss also different In pure pulmonary stenows the 1
fant usually esponds to daguabs and regwns compensston cyanoss gradually
dimunushes and may enusely disappear Thereafter the infant gamns wesglie and
does well o o complere wanspostion of the great vesseds af such a type a3 10
cause cyanosts and cardtac fauldure n the pepnata} pertad, ahhough the nfant
teay be wmporardy belped by digrabs the chimcal course 15 one of meseasin g

¢yanosss rapid carduac enlargement and cardiac farlure Death usually oceurs
within the first few weeks af life

A srvalogy of Fallat may be confused with as solated valsular pultaanac
stenosss 10 early mtancy Ina tetralogy of Fallot the fun. Y
cleas Furthermore the heart s usuatly normal 1 size, whtereas a severe dege
of pulmanaty stenous wath an itact sentnicular septam feads vo grear car%hcc
enlargement A chald with a tetratogy of Fallor develops cy :mosxf at an ‘;C
age and usually squats when pred  the heart 1 small, the palmonary art o
mcon pretous the Iver does net pulsate and the cirealation ume o5 3.' :’{1'3
:rtr:ocardxogmm shows night 13ss deviation and evwdence. of sight \tl:trncul;q
hz pt:x;op};) bur usually docs ot show the pattern of extreme nght \cnmcular
pertrophy In doubiful cases cardiac catheteriraton may be aecessary 1p thﬁc:

& Belds are excessys cly
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space and no thrill m the suprasternal notch 15 also strongly suggestie of m
fundibulur stcnosts I adults the absence of demonstrable poststenotic dilatation
of the pulmonary artery or the Jow Jevel at which the svstolic murmur 1s mau
mal 15 suggestve of 1w infundibular stenosss

DIFFERENTIAL DIAGNOSIS

In the absence of cynosis “purc * pulmonary stenosis my be confused with
an auricular septal defect or with pulmonary hypertension Both the nonxy
anotic and the cyanotic forms may be mustahen for an Eisenmenger complex
and occasionally may be confused with Ebsten’s anomaly of the tricuspid vae
In early infancy the cyanotic form may be mustaken for a complete transposiion
of the great vessels, both m nfancy and 1n childhood the condition mav otct
stonally be mustaken for a tetralogy of Fallot and for defective development of
the right ventncle with pulmonary stenosis

An aurscular septal defece 1s differentiated from ‘pure” pulmonary stenosts
by a slightly accentuated second sound at the base of the heart, which 15 usuall
reduplicated Furthermore, fluoroscopy revenls the presence of a hlar dance
"The electrocardiogram usually shows 1 nght bundle branch block Furthermore,
the patient has a frail busld but does not suffer from severe dyspnea In pure
pulmonary stenosts the second heart sound 1s weak or absent and, although the
pulmonary artery may be conspicuous, the pulsations m 1ts branches are mint
mal The umpolar precordial leads show evidence of nght ventricular hyper
trophy The patient, although of sturdy stature, may become dyspneic on shight
exertion

Pulmonary hypertension 1s differentiated by the fact that the pulmontc se¢
ond sound 1s markedly accentuated nd 1s usually reduplicated Indecd, 1t1s only
1 the presence of myocardinl failure that the second sound may become so weah
that the two conditions are confused Furthermore, pulmonary msufficiency 1
relatively common with pulmonary hypertension and rarely occurs with pul
maonary stenasts

The Ersenmenger complex 1s differentiated from pure’ pulmonary stenosis
by the absence of cyanosis and dyspnea i infancy and carly chuldhood, by the
presence of a Iular dance, and by the fact that the circulation time 1s shor:i In
older patients angrocardiography will show clear evidence of an over i mlg
qorta Cardiac catheterization will show that the oxygen saturation 1n the pu
monary astery 1s ngher than that in the right ventricle and that the pressure 1
the pulmonary artery 1s abnormally ugh
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Fieers wit-16  Valvadac pulmonary stenosi combraed with subvalvular
aorte stenosts {same panent as in Fagures via-17 13) Child

vabvular pulmonarv stenoss an wntact venticular septum, and a gross defect in
the auncular septum

Pulmanary stenosts may occir ¢ combination with cortic stenosis® ™ The
authar has seen one such mstance 1n A five year okl chuld who proved to have
avabvular pulmonary stenosis and subvalvalar aartic stenoss (see Figure -
16) This case was reported by Sissman et al** The patient had a harsh systohe
murmur maxsmal over the base of the heart, which obliterated the heart sounds
The second sound was maudible to the nght as well as ta the left of the sternum
The chuld sffered from progressive cardiac entargement and cardiac fadure The
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Ao

Figure \vu-15 - Vabvular pulmonary stenosis an auncular septal
defect, and an mtact ventrcular septum  Adule

centiate the two conditions If the right ventricular pressure 15 above systemic
pressure, 1t 1s strong presumptise evidence that the ventricular septum 1s mtact

Defective development of the right ventricle with pulmonary stenosis differs
from ‘pure pulmonary stenosis 1 that the right ventrcle 1s 2 small chambet
which 15 unable to carry 1ts full Joad Because of the decreased pulmonary blood
flow and the small size of the pulmonary artery, the shadow at the base of the
heart to the left of the sternum 1s concave In the left anterior oblique position
the ~ ray shows that the left ventricle as well as the right ventricle 15 ealarged
The electrocardiogram shows evidence of nght ventrcular hypertrophy 1 V3
and left ventricular dommance 1n V- and Vo Angtocardiography shows that the
nghtyentncle s a tiny chamber

COMMONLY ASSOCIATED ANOMALIES

A gross defect 1 the anricular septum of the ostium secundum type may oc
cur 1n combination with valvular pulmonary stenosis Under such circumstances
the defect m the aunicular septum acts as an escape valve Consequently the
more severe the pulmonary stenosis, the greater 15 the right to left shunt and the
deeper s the cyanosis The pritient may be severely ltmuted but the heart remawns
remarhably small Figure svi-15 llustrates the case of an adult with a severe
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Fiours w8 Vahudar pulmonaty s

aosis combined with subvafiniar aoruc ste

sosts (same pavient 35 10 Figuee «n16)
Child

Prophylactic antibiotics are wdicated throughout Ife for the presention of
sobacute bacteaal endocarditis when there 1s danger of nfection from dentad e
tracuons or ather procedures Fven after successful operation, the pulmonary
calessnotnormal the patient ss sull susceptible to the dascase

Lsmmitanion of exercuse 18 rately necessary, as the condition ¢an be rehieved by
susgery Thevefore only f surgical treatment 1s upavadable 1s restncnon of ac
waty ndseated In most pazts of the world a chuld vath a valular pulmonary

stenosis may be permutted to lead o normual bfe, of hus acunaty places 2 strawn an
hus heast, operatson ss sadscated
The ad

bilsty of surgical depends upos the sevesity of the steno-
55 [n some mstances the pulmonary stenosis 15 5o shght that the heart 1s normal
1 size, the pulmonary bload flow can be iereased with exercise, and the denizo-
casdiogram does not even show evidence of nght ventricular hypenrophy Such
a panent 25 asymptomane and 1f he has avoned fus full growth, he will cer
tamnly remam s The condition need cause no concern The prognoss 15 excel
fent without optranon

In the author s opimon, if the heart remasns normal 1n size and the pauent 1s
asymptomatic and able 1o leait ¢ normal bfe and the pressure 15 under xoe mn
of mercury an the right vemnele, aperation 5 not indrcated, even sf the electro.
cardiogram shows a nght axis deviation and evsdence of ngheentriculas hyper
trophy Tt must be xemembered thar aperation does not sestore the *,'.\Isf w

normal and that mid puf ¥ stenosis s c bl
hife )

wich 2 long and actne
Surg cal treatment 15 indiwated 1t there 3
casdie strain Tnasmuth as cardiac enlargem,

evtdence of severe or progressnne
of e conditien must be Jadged on objectys

ent precedes symptoms, the severty
¢ findings Duning wfancy the best
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Fiure \vi-17 - Vilvular pulmonary stenosis combined with subsalvular
lortic stenosis (same patient as m Figure wi-16) Child

pulses were of good volume The blood pressure was normal The ~ ray showed
great cardiac enlargement with a shghtly upturned rounded apev, the pulmo-
nary vascularity was normal or shghtly reduced (see Figure wvi-17) The clec
trocardiogram showed a night aws devianon and evidence of night ventricular
hypertrophy It differed from the electracardiogram usually seen 1 severe pulme-
nary stenosts 1n that Vi showed deep S waves mn addition to consprcuous R
waves, and Vs showed unusually high T wases In this mstance the electrocardio-
graphic findings were the only ones which offercd a clue to the exstence of the
aortic leston (see Figure \in-18)

TREATMENT

Medrcal treatment 1s indicated 1 an mnfant who develops cardiac fature i
the neonatal period The infant should rapidly receive lus calculated dose of
digitalis or one of the allied preparations With such trextment he usually 1¢
gamns compensation and thereafter does well for many months and often for
years If he fails to respond to digitalss, immediate operanion 1s indicated

Furthermore, if the mfant does well 1n the neonatal period and subsequently
develops cardiac failure with a large pulsating liver, prompt operation 1s nd
cated Indeed, the condition constitutes a ventable surgical emergency

Dugtealss, except i the neonatal period, 1s seldom mndicated If, however, the
patient shows signs of cardiac falure, digitalis and dretics are of value Such
treatment 15 purely palliative, prompt operation 1s imperative
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Fioure Wi Vabular pulmonary ste

nosts combined with subsabvulae aortic sie

nosis (same pavent as i Figure Wi-16)
Child

=t

Proplylactic annibroties arc ndscated throughout hfe for the presention of
subacute bactenal endocardsts when there is danger of infection from dental ex
tractions or other procedures Even after suceessful operanon, 1he pulmonary
ahessnotnormal the patient 1s still susceptible to the disease

Lenteation of exercise 1s sarely necessary, as the condition can be rebey ed by
surgery ‘Thessfore only of surgical treatment 1s unmaifable 15 restncuion of ac
ity indicated Tn most parts of the world a cluld with 2 valvalar puimonary
stenosis may be permitted to lead a normal e, 1€ his actwity places a stran on
hus heart, operation 1s ndicated

The advisabilsty of surgreal treagment depends upon the severity of the steno-
sts In some mstances the pulmonary stenosts 1s 5o shght that the heart 15 normal
w0 s1z¢, the pulmonary blood Sow can be increased with exercuse, and the electro-
cardiogram does ot even show evidence of nght ventricnlar hypertrophy Such
2 patient 15 asymptomatic and, if he has atamed has full groweh, he will ces
tanly semaim so The condition need cause no concern The prognoss 1s excel
fent w1thout eperation

In the author s option f the heart remains normal 1n size and the panent 15
asympeomatic and able to lead a normat Bfe and the pressure 1s under 100 mm
of mercury 1n the right ventricle operation 1s nat mdicated, even of the clectro-
cardiogram shaws a right axis deviation 2ad evidence of 11 ght ventuicutar hyper
wophy It must be remembered that aperation does not restore the valve to
;:;rmal and that mifd pul Y stenosts 1s compatible with o fong and acve

«

jurgu‘al treatment 15 mdicated if there 1s evidence of severe or progressive
e s e e s oo, ey
jectine findings Dunng infancy the best
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gurde s the size of the heart 1n the < ray 11t 1sbut slightly enlarged, senal \ rays
at monthly or bimonthly intervals will reveal whether or not the condition 5
progressive Duning childhood enlargement occurs more slowly, therefore the
clectrocardiogram offers the best index of the amount of work required of the
nghtventricle Regardless of the electrocardiogram, cyanosts which persists m
childhood 15 always an indication for operanon as 1t occurs only when the pres
sure in the nght auricle 1s greater than that in the left auricle

In brief, the indications for operation are persistent cyanosis, or a night ven
tricular pressure of over 100 mm of mercury combined with evidence of nght
ventricular hypertrophy m the electrocardiogram or cardiac enlargement The
1deal time for operation depends not on the age of the chuld, but on the size of
the heart It 15 wise to operate prior to the occurrence of great cardiac enlarge
mentor cardac falure Therefore, if there 1s progressive increase n the size of the
heart out of proportion to the growth of the patent, operation 1s indicated In
young infants tmmedsate operation 1s indicated 1f there 15 great cardiac enlarge
ment or pulsations palpable at the margin of the Iner

Several types of operation have been developed The first was that of valvulot
omy developed by Sir Russel Broch,! who used the transventricular approach
to cut the pulmonary valve and dilate the pulmonary onifice Thus operation
has been ssmplified by Potts'” by the invention of special instruments Swan and
hus assoctates'® have advocated the use of hypothermu, so that the valve may be
approached from the pulmonary artery and div1ded under direct viston Sgnder
gaard™ has developed a techmique by which the operation may be accomplished
through the pulmonary artery but without hypothermia Recently a number of
surgeons have advocated operation under direct vision with the aid of a purp
and oxygenator

At operation the surgeon 1s usually able to confirm the diagnosis by the find
g of a large pulmonary artery 1n whach the pressure 15 low Frequently, with
each ventricular systole, he can feel the forceful thrust of the pulmonary vahe
agamst his finger, or he may feel the jet of blood forced through the srenosﬂ:
pulmonary valve into the pulmonary artery, occastonally one cap see a jet o
blood as 1t impinges against the opposite wall of the pulmonary artery Further
more, 1t 15 possible to measure the pressure 1n the right ventricle and 1n the pul
monary artery both before and after valvulotomy Measurement of the prcssu;'c
after operation 15 of aid n order to make sure that the valve onfice 1s suﬂiclelﬂlt)’
enlarged so that the nght ventricular pressure 15 reduced to normal or near! z’ I0
normal Nevertheless, 1f the pulmonary stenosis has been adequately rehev ed, a}
re of the right ventricular pressure to return to normal at operation 1§ usually
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0t an ndicatton for resectton of the muscleat the base of the nghtventacle In
deed Engle et al * have showsn that, ofies the rehief of pulmonary stenosis, xh:ltc
may be a gradisal drop 1 night ventricular pressure and orer a persod of months
there may bea returi to normal
In thus aperation the prime consideration 1s the rliet of the pulmenary steno-
s1s Fven of praor to operation the patent has showa persistent cyanosis, when
the pressure in the right aurscle becornes parmal, the valve conenng the foramen
evale will close Therefore only 1f there 15 a gross defect 1n the auricular septum
1s closure of the defect negessary Unless the heart 1s geeatly enlarged, the rish of
operation 1s remarkably shight In 1953 the mortality rate, based on over 2,000 op-
erations done 1n widely different places, was only 4 per cent
The results of operaton can be yudged by the change 1 the size of the heart
in sumple antersor postenor telearaentgenograms and by the changes seen in the
clectrocardiogram Therefore cardiac cathetenization 15 not necessary 1 order (o
determne the pghtventncoular pressure The more comgpletely the pressure in the
nght ventncle 15 rebeved, the more promptly the cardiac enfargement comes to
anend ** Bxcept when the heart 1s greatly entarged, if the nght ventneular pres
sure drops to normal, the heart tetusns to normal size Landiman' has shown
that the electrocardiogram also offers evidence of the relef of nght ventricular
stram 1n that the aus becomes balanced and over a penod of months night ven
trcular dosmsnance disappears Sigmificant changes an the electrocardiogram are
usually not apparent until six months after operation and st may be a year or
longerbefore the maxumum change s attarned (sce Figure xu1i-1g)
When the heart 15 enormousty enlarged, the sk of operation 15 great and it
s doubtful thay perfection can be attained Nevertheless, the benefit may be tre
mendons The patient usvally regams and mamtasns compensatian, dyspiea
disappears and his exerase tolerance greatly wereases Wath lesser degrees of
enlargement the heart will return to normal and the patient will be able to Jead
an enbrely normal hfe
nox“;;; 2;:’2;;{::15;:‘:: ;:l ;ctrun:n‘:tb;r r:;a; the hears stself 5 not enucly
normal valve Resection of the
wfundibular area does not restore the heast to normal The paticat will
susceptible to subacute bacterrat endocardins, therefare throu: hout }lx fC;“ e
should recew e the usuat praphylactc treatment g 1 hife he

PROGNQSIS

The prognosss vartes with the sev
ety of th
grees of pulmonary stenosis age compnnbly ongan o aknans Mid de

¢ with along and active hfe
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Fieure \wn-19 Valvular pulmonary stenosis with an intact
ventricular septum

Even moderate degrees of pulmonary stenosis may be compatible with lon
gewity Currens ct al® have reported the case of a man with severe pulmonary
stenosis and patency of the foramen ovale who lived to be seventy years of age
The author has seen a specimen of a pulmonary stenosis from a man who served
m the regular Army, contracted rheumatic fever late 1n life, and dred of sheu
matic heart disease when nearly seventy years of age In thus mstance, 1n addion
to mutral and aortic stenosis, autopsy revealed a cap hike stenosts of the pulmo-
nary valve which reduced the lumen to approvimately one third of 1ts normal
diameter This degree of pulmanary stenosis had apparently never caused any
difficulty

If the pulmonary stenosts 1s sufficiently severe to place a stram on the nght
side of the heart, the strain can be relieved by operation Since the development
of cardiac surgery, most pattents with this malformation may expect to enjoy
long and active hife

Severe pulmonary stenosis greatly increases the worh of the right side of the
heart and unless the condition 15 corrected by surgery 1t leads to progressie car
diac enlargement, engorgement and pulsation of the Iiver, and eventually to
edema and ascites Patency of the foramen ovale lessens the stram on the heart
but increases the ovygen unsaturatton of the arterial blood and leads to polycy
themia Even for mndividuals with severe pulmonary stenosis who have not
sought medical attention unul after the heart 15 marhedly enlarged, the life spwn
may be greatly lengthened by successful operation
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SUMMARY

Pufmonary stenosss with an 1ntact yventricular sepum 15 2 1efatsely common
malformation Usually the stenosis 15 of the yahular type but 1 rase snstances
there may be an mfundibular stenoss The pulmonary stenosss usually smereases
with age and leads to progresste cardiac enlargement ‘The obstruction 1o the
pulmanary onfice mcreases the work of the rght ventricle and hence 1nereases
the pressure withn the nght ventricle and fater that 1 the nght auncle As the
pressuse 1n the nght aunde s1ses of the vabe covering the foramen ovale 15 not
completely sealed, 1t will be forced open and a nght todeft shuat will be estab-
hished through st

The climeal findings vary with the severity of the pulmonary stenosts and
with the structure of the foramen ovale

The patient 1s of a sturdy build

Dyspnea 15 the outstanding complame Nesertheless, attacks of pazoxysmal
dyspnea are urtually anknawn 1 wnfancy

The presence or absence of eyanasis degends upon the structure of the aupcu
lac septum ¥, as happens with 75 per cent of these patients, the foramen ovale
1s ax campletely sealed, cyanosss develops wnsideously and generally becomes
apparent betw cen two and seven years of age
Polycythenua develops as the ovygen unsaturation of the astersal blood 1n
Creases

Clubbing of the extremuties graduatly develops after eyanosts becares ap
parent
The nech vessels may be engorged and show conspicuous pulsations
§ Enlargement of the Itver oceurs as the heart tmcreases m size Pulsatians ap
the margin of the Iner are
m g ommon, especrally if the ayricular Septum 18 mtact
lema and ascates are Yate mantfestanons

Lossof saas also g Jate it

10n

The size of the heart vanes with the severity of the pulmonary st

shght to moderate pulronary stenosis shere 1s o cardiac enlar; cfns o

Carduc enlargement precedes sy mptoms therefore 3 p;mcngz su:m

ma!fo:hmatmn should be kept under obsers ation unti} he has aua}x)rcx::l“i:)f lfhu

i:n“;fm cs;ri:}l:r;)s df“: the best evidence of Progresssve cardyac enlary : "
s the electrocardiogram 15 the MOSE s N

o sittve imdex 1n child

A harsh systolic murmur and a thnil over the pulmonary area and i i
and m the
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suprasternal notch, combined with 1 weak or absent second sound, are charac
teristic of this malformation

Infundibular stenoss 1s to be suspected 1f the murmur 15 charactenstic by
therc 15 no thrill i the suprasternal notch, 1t 1s also to be suspected 1f the mur
mur 1s mavmal in the third and fourth left interspaces, and the second sound
at the base 1s clearly audible

The x r1y shows fullness of the pulmonary conus and may show conspicuou
pulsations m this area but mimmal pulsations 1n the hilar shadows With tre
mendous cardiac cnlrgement 1n early mfancy or 1n adults with infundibuly
stenosts, there may be no poststenotic difatation and hence no fullness of the
pulmenary conus

The electrocardiogram shows a night aws deviation and evidence of ngh
ventricular hypertrophy which becomes pronounced as the strain on the nigh
ventricle inereases

The airculation tune 15 usually prolonged

The oxygen saturation of the arterial blood vartes with the amount of venous
blood shunted through the forimen ov1le to the systemic circulation

Cardac catheterization reveals high pressure in the nght ventricle and low
pressure m the pulmonary artery

Angiocardiography shows prompt opacification of the pulmonary artery, 13
which the dye lingers for 1 long ime The aorta 15 not visualized until after the
left wricle and the left ventricle have been delineated

The diagnosts 1s based upon the finding of a harsh systolic murmur and a
thrll, a weak or bsent pulmonic second sound, and clectmcardxographlc el
dence of a right axis deviation and night ventricular hypertrophy

The malformation clls for differentiation from an auncular septal defect
from primary pulmonary hypertension, occastonally from the Eisenmenger
compley, and i some instances from a complete transposition of the great ves-
scls, from a tetralogy of Fallot, and from defectne deselopment of the nght
ventricle combined with pulmonary stenosis

Medical treatment, especially digitalss, 1s of great benefit 1f an infant develops
cardiac failure 1n the neonatal period Digrtahs should also be given to any p2
tient who develops cardrac farlure before he can reach a hospital w here cardac
surgery 15 performed Inasmuch as the condition can be relieved by surger)s
TIimatation of exercise 15 seldom necessary

Mild degrees of pulmonary stenosts may be compatible with a long and 1cn:} ¢
life, therefore m such mstances operation 1s not wdicated On the other hand,
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sescre degrees of pulmonary stenosis lead ta progressive cardine enfar gt
and carduc farture with edema and ascites

Qperation 15 induated 1f there 13 peraistent cyanoss, carduac enlargement of
evidence of nght ventncular stram or excessty cly hugh pressure an the nght ven
tricle

Several types of operation have been desised All the operations gue excel
fent results Inasinuch as the valve 15 not restored to snormal, the nsh of subacute
bactena) endocardutis regrans, therefore whenever mdicated the patient shoutd
recesse prophylactic chemotherapy theoughaut tns life

For a pauent who shows evidence of cardiac straim, operation remoscs e
styain on the heart and changes the prognosss from bad tg excellent

B Stenasts it Etther or Both Branches of
the Pultonary Artery

In 1938 Oppenhemer* separted 1 case of stenosis of both mam branches of
the pulmonary artery and revicwed the hteratire No ehnieal attention was pad
to the condition untl 1954~55 1n 1954 Spodergaard™® ceparted the condition as
coarctation of the pulmonary artery The following year Arvidsson et al * re
ported the occurrence of multiple s enoses of the pulmonary artesy which they
diagnosed by selectse anguacardrography In the same year an adduonal case
was reported by Kyellberg et al * In 2957 esght more clincal cases were reported
by Gvllensward er 2l As in most snstances, once an anomaly bas been recog,

mzed w15 detected with mereasing frequency Furthermore, 1t produces a dis-
nctive cliical syndrome

MATURE OF THE MALFORMATION

Aloczhzed consteiction of the pulmonary artery may occur almost anyw here
along s branches Gyll d et al have em ph d that there are two matn
types Tvpe 1 consists of 2 short mernbranaus stenosis about 1 em distal 1o the
pulmonary vatve and an elongated muld stenosis of one of the branches of the
pulmonary artery and Type 1115 an extensise abnermality with muluple, short
constrchons whth usally ivolve the pulmonary artenes ungs
Whether or ot 1t 15 usal to have calafication 1 gy o, langs
ported by Oppenheimer 15 not knawn, as mo:‘t “; th pu‘momty e
based on chmeal obsersations and lack ;mtholo 1ul ; fri“tm weports have been

gical confirmation

Actually ;hcrc may be a single constriction 1n one m
strictions n both mman b;

branches, or multiple constriey

an branch, bilateral con
ons scartered throughout
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the branches of the pulmonary arteries Such constrictions affect the heart and
arculation 1n a manner closely simular to that which occurs mn valvular pulme-
nary stenosis, the only difference 1s that the obstruction 1n the pulmonary arcu
lation hes beyond, 1nstead of at, the pulmonary valve When the constriction 15
limited to one lung, 1t causes little or no strain on the circulanon I, as more
commonly occurs, 1t 1s bilateral, 1t places a strain on the circulation which 1s fune
tionally sunilar to that caused by 1solated valvular pulmonary stenosts Indecd,
such a constriction of the pulmonary artery may occur m conjunction wath vaf
vular pulmonary stenosts Further, the abnormality may occur 1n combination
with malformations which cause persistent cyanosis, under such arcumstances
each will contribute its own component It 1s the analysis of the separate com
ponents which will permt 1ccurate diagnosts Hence this section 1s concemned
with stenosis of the branches of the pulmonary artery when 1t occurs as an 1so-
lated abnormahity

COURSE OF THE CIRCULATION

The course of the circulation 15 unaltered by the malformation unless the
foramen ovale 15 held open by the hugh pressure in the right auricle Thus the
course of the circulation 1s fundamentally the same as that of 1solated vahular
pulmonary stenosis (see Diagrams wvi-1 and 2)

PHYSIOLOGY OF THE MALFORMATION

The constriction of the pulmonary artery affects the arculation 1n a mannét
sumilar to that of any constriction elsewhere The pressure prosmal to the ob-
struction 15 hugher than that distal to 1t The natrowed area m the pulmonary
artery obstructs the flow of blood to the lungs The pressure i the pulmonary
artery prosimal to the constriction 1s increased, hence more work 1s rsqmred
of the night ventricle to pump the blood to the lungs Consequently there 3
right ventricular hypertrophy If the stenosis 15 sufficiently extreme, the high
pressure 1n the nght ventricle 1s transmtted back into the night auricle As the
pressure 1 the right auricle rises, if the valve covening the foramen ovale 15 not
completely sealed, 1t will be forced open and a night to-left shunt established at

the auricular level

CLINICAL FINDINGS
The symptoms produced by this anomaly vary with the number and severity
of the constrictions When there are bilateral constrictions 1n the pulmonary af
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terics, the chntea! findings are smular to these 10 1solated vabvular pulmonaty
SEERAsis

Cyaross s usually absent 1, howeser, (e foramen ovale 18 nat completely
sealed when the pressare in the night ausicle exceeds thar 1n the left auncle, the
Jabve wilt be forced open and a nght toleft shunt estabhished Such was the suu
ation sn the case reported by Qppenhesmer

Dyspnea on exertion may oceur because the obstrucnon to the pulmonary
blood flow prevents the mncrease i the arculation to the lungs which normally
occurs with exercise

CARDIAC FINDINGS

The heart raay be normal 10 size aad shape and there may be no murmuys
aver the precordium Swnce the work of the nght ventnele » ncreased, the can
diuon may jead 1o prog cardiat The sccond sannd over the
pulmonary area 1s loud and bangug, steaar to that which occurs in pulmonary
hypertension

A cantinuous murmur s audible over the lungs It has the hummung quality
sumifar to thas produced by an anastomoys betw cen a systemuc artery and one of
the branches of the pulmonary attery The connnuous murmur 1s duc ta the
contnuous flow of blood from the area of high pressure proxumal to the con
strietson 1o the area of low pressure distal to 1t Hence 1 15 better beard when
there 15 bt 2 single constrckion 11 one or both of the masn branches of the put
monary artery than whe there ase tuuluple constrictions throughout the fungs
Indeed under the laster carcumstance, the conunuays Uy may be absent

because the pressure gradient 1s gradually reduced between each of the successine
constrictions

XRAY AND TLUOROSCOPIC EINDINGS

The contour of the beart 1s sumilar to that of * pure pulmonary stenosis “Th

pronuaence of the pulmonary conus 1s, however, not caused by po. tstenot: :
dilatauion but by dilatation of the pulmonary astery proxumal IZ z};: enons
The muftsple constrictions 1n the branches of the pulmonary aste; CS““"‘“
size of these vessels Hence the vascular markings are dec; et g e
s den reased and the Jungs

ELECTROCARDIOGRAPHIC FINDINGS

The of
slectrocardiograc shuws evadence of the ncreased worl, required of th,
14
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f 1 HL A0 AVL  AVP Tieure xsni-20  Peripheral pulmonary
I — stenosts (clinical diagnoss, not proven)

Lo

Vi

Vs Vo

nghtventricle The standard leads show a night axis deviation and the unipolar
precordial leads show evidence of nght ventricular hypertrophy (sce Figure
Xv11-20)

SPECIAL TESTS

The red blood cell count, the amount of available hemoglobin, and the hema
tocrit reading are normal It s only 1n the rare instance when the foramen ovale
15 held open by the high pressure on the night side of the heart that the pattent
may develop polyeythemn Usually, however, if polycythemua 1s present 1t 15
caused by some additronal malformation

Cardiac catheterization shows an increased pressure 1 the nght sentnicle
and 1n the pulmonary artery and no evidence of 1 shunt These findings are
sunular to those of primary pulmonary hypertension In order to demonstrate the
constriction 1n the pulmonary artery the catheter must ship mto the branch of the
pulmonary artery m which the constriction hies and, furthermore, the constric
tion must not be so extreme that 1t 1s impossible to pass the catheter through it
A number of imvestigators®™ * ™ have reported cases in which 1t was possible
to demonstrate hugh pressure proximal to the constriction and an abrupt fall
the pressure when the catheter passed through the constriction

Angrocardiography may also reveal the condition ° - by the demonstration
of abrupt narrowing m the branches of the pulmonary artery Proximal to the
constriction the pulmonary artery and 1ts branches are dilated and distended
and there 15 an abrupt decrease m the size of the artery Anvdsson et al * have
reported four cases diagnosed by selective angiocardiography

DIAGNOSIS
The diagnosis 1s based upon the clinical finding of a continuous murmur
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aver anc or both Jungs, sombined with an accenvwated pulmonte second sound
Temaybe confrmed by cardunc cathetenzation o angmcnrdwgmphy

DIFFERENTIAL DIAGNOSES

The condsnion, when uncomplicated, may be confused with persistent 5"
cacy of the ducus arteriosys, with pumacy pulmonary hypertenston, it 4
hem truncus astenosas, of with other rare snomabies which cause a continuous
smurmur (see Chapter o)

Perastent patency of the ductss arferiosus causes 2 crescendo-decsescendn
spurmur of maximal intensity over the pulmonary asea The second sound 25
Judible wathin the contiuous musmuy In contrast to thrs, i the matformation
under discusston, the pulmont secand sound is loud and banging and the con
tinuous murmur 1s audible over the lungs

Primary pulmonary &y pertension may be confused with this malformation
becawse of e sbsence of murmurs over the precardium and the marked ac
cesvsation of the stcond sound over the putmonary ares, combiaed Witk o
dence of hugh pressute 1n the nght ventncle and i the pulmenary artery The
presence of 3 contnuous musmur over the Jungs differentiates the two condiions

A et rancns arteriosss may readidy be confused with Yocahzed conane
tsons sn the pulmanary artery Both are rare anomalies which cause a contsnuous
murmur over the lungs A hemi truncus arteriosus causes 1o stran on the nght
stde of the heart (see Chapter xiv, Section 8} Indeed, the nght ventndle pumps
the blood to only one lung whereas when the pulmonary artery 15 constncted,

the work of the night ventncle 1 increased Hence the electracardiogram ads n
the duff tton of the two cond,

The maiformatian under discussion must ato be differenvated from the
other vare anomalies which cause 2 contimuons murmur {sze under Differennal
Dagnosss s Chapter xxv)

When there is persistent cyanosts Yus maformation calls for differentiation
$1om a truncws artenosus with relatively adequate pulmonary blood flow Car

diac cathetenzauon or angrocardiography shows that the pulmonary artery, not
the aorta or the truncus, arses from the nghtventriele and there 15 ng evidence
of a shuntan the nght ventnde

TREATMENT

As of 1960 there has been nio sausfactory tr
eatment Al
constrxcted area could be resected as 1t 1 ; g e

1 caasetatsan of the aorta, the ogeur
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rence of muluple constrictions renders such an operation difficult if not impass
ble

1 ROGN\OSIS

The prognosts depends upon the seventy of the condiion Although the
awthor has seen one baby watl severe bilateral constrictions in the mamn branches
of the pulmonary artery who died of nght sided cardiac farlure 1 carly
fancy,'® the condition 15 generally far less severe and 1s usually compatible with
relative longevity

SUMMARY

Stenosis may occur 1 esther or both branches of the pulmonary artery There
may be single or muluple stenoses Severe constriction of the pulmonary artery
mcreases the pressure against which the nght ventricle must worh The condt
tion may lead to progressive nght sided cardiac enlargement The second heart
sound over the pulmonary area 1s accentuated and there may be a contnuous
murmur audible over the Jungs The electrocardiogram shows a nght aus desiz
tion and evidence of nght ventncular hypertrophy Cardiac cathetenzauon
shows high pressure in the right ventricle and 1n the mamn pulmonary artery [If
1t 15 posstble to pass the catheter through the constriction, the pressure distal to
the constriction w1ll be lower than that proximal to 1t It may be possible to dem
onstrate the area of constriction by angiocardiography

The condition requires differentiation from persistent patency of the ductus
artertosus, pulmonary hypertension, a hemt truncus arteriosus, and other causes
of a conttnuous murmur Muluple peripheral pulmonary stenoses are difficult
to correct

The prognos:s vartes with the sevenity of the condition When the stenosis 15
severe, the prognosts is guarded Less severe stenoses are compatible with relatne
longevity
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CHAPTER XVIIL

PULMONARY HYPERTLNSION

Pamary pulmonary hypertension means that the iitial pathology lies
1n the pulmonary v ascular bed and that the heart ss normal except for the
strain placed onat by the increased penipheral resistancean the putmonary yascu
farbed In contrast to thss, secondary pulmonary hypericnsion means that the
high pressure m the pulmonary astery 15 secondary to 2 malfermation of the
heart Edwards* has pownted out that i a number of malformations of the heart
the blood 15 ejected to the lungs under systetue pressure Under such aircum
stances the hugh pressure 1n the fungs 15 secondary to the cardiae matformation
A brsef resiew of the normal changes i the lungs which occur immedsately
after barth will belp to clanfy the nature of this pathology
Ciin and Edwards made a detuled study of micrescopic sections of the
lungs of patients from birth to old age These authoes followed Brenner s classt
ficavons of the dunision of the mtrapulmonary arteries into three main groups
(1) elashic artenes, (2) museular artencs, and (3) artenoles The imvesngators
demonstrated that 1n the fetus the lumen of muscular artenies of the lungs 15
narrow and the media 15 thick, the adventitia s thick and the sopma thin Nor
mally duning the frst ax months of extra wenine bfe the lumen of the muscular
antenes widens and the media becomes thin Thus the lumen of the artenes 1n
creases tn size and the thickness of the muscular wall decreases The advenutia
becomes much thiner and the mtima remamns unchanged Such are the normal
changes which oceor durmg the first momths of Ife Moreover, the pulmonary

vascular bed continues to expand up to about the twentieth year of hfe The
greatest changes, howes er, normally accur n early wfancy

PULMONARY hypertension may be prunasy of st may be “secondary *

Edwards has postalated that, since no well-established vasomotor esponse 1
the pulmonary vascufar bed has been demanstrated, the narrow fumina of the
muscular artenes constatute one factor which increases the sesistance 10 the pul-
monary flow duning fetal life, and, furthermore, that the gradual increase 1n the
size of these lumina lowers the pulmonary resistance He has found ghat h
prmcipat changes sn the pulmonary vascular bed which aceur 1n the Era fi .
months of extra utersne hfe are the widening of the Juming of the my slt o
tevies and the thimng of the media of these vessels st
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Furthermore, Edwards has pointed out that 1n a number of malformations,
namnly those 1n which the blood 1s pumped 1nto the pulmonary artery under
iystemic pressure, the pressure 1n the pulmonary artery 1s a vital factor i the
Iistribution of the blood to the two circulations Were the pulmonary pressure
ow, the pulmonary blood flow would be so excessive that the patient would
Irown 1 lus lungs Edwards has reported narrowing of the ntrapultmonary
-essels 1n a patient with an Exssenmenger complex? ? and also m two patients in
vhom the ductus arteniosus opened into the descending aorta dustal to the co-
wetation * The muscular arteries were characterized by a thick media and a rela
nely narrow lumen In older patients he has observed that, 1n addition to the
hick media, mntimal fibrosis dev elops He believes that, m malformations of the
reart 1n which there 1s excessne pulmonary blood flow, the muscular arteries
naintain their fetal charactenstics of a small lumen and a thick media as a com
>ensatory mechamsm These changes inuttally are caused by a delay 1n the open
ng up of the pulmonary vascular bed which protects the lungs from an excessne
sulmenary blood flow under abnormally high pressure Edwards concesses that
he mitial changes are reversible 1n that, if the excessive pressure were removed,
he lungs would be capable of normal expansion The long-continued lugh pres-
ure ulumately leads to intimal proliferation and fibrosis These changes ngidly
ix and further constrict the lumina of the vessels and thus further increase the
eststance to the pulmongry blood flow When such changes occur, the condition
s no longer reversible “Thus, although 1n the early stages pulmonary hyperten
10n 1s compensatory and the changes are reversible, m the later stages changes
iecur which are progressive and irreversible

Edwards has presented strong evidence to show that such 1s the sequence of
vents 1n malformations of the heart 1 which bload 1s ejected simultaneously
nto the systemic crrculation and the pulmonary arculation Pulmonary hyper
ension always occurs in an Essenmenger compley, 1n a single ventrcle without
yulmonary stenosis, 1n a truncus arteriosus 1 which large pulmonary arteries
sise from the base of the truncus, and 1n a Taussig Bing heart Whenever the
1ght ventricle pumps the blood to the systemic circulation through the ductus
rteriosus, the pressure 1n the pulmonary artery must be the same as that 1n the
ystemic circulation, such 15 the situation 1n aortic atresta of marhed hypoplasia
f the ascending aorta when the systemic circulation 1s supplied from the pul
nonary artery through the ductus arteriosus

In add1tion to these conditions 1n which pulmonary hypertension 15 1n a sense
n mntegral part of the malformation of the heart, or at least 1s the inevatable re
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sult of the cardiac abnormalaty, there s 2 conditton 1 which, n some msmncc;,
the pulmonary hypertension appears to be primary, as for example i cor pi
mondle n which the changes 1n the heart appear to be secondary ta the high
pressure 1n the lungs Under such aircumstances the heart 15 cssentially normat
Nesertheless, the increased sesistance in the lungs affects the heart and arcula
tion quite as profoundly as does a coarctation of the aorta The prmcipal duffer
ence 1s that the pulmonary hypeztenston places a strain on the nght sule of the
heart, whereas coarctation of the aorta places a strn on the left side

ETIOLOGY

“The etiology 1s cbscure Indecd, the author beheses that there may be a num
ber of different causes of primary pulmonary hypertension In some 1nstances
the increased pulmonary pressure appears to be secondary tosome pulmonary in
fection or to the mhalation of some 1ntating substance In other mstances multy
ple throtnbi have been found 1 the smaller pul ¥ vessels and oce ty
there 15 a masswe thrombus 1n the mamn branches of the pulmonary artery In
still other mstances it appears to be sccondary to long standing pulmonary dis-
ease and asthma Pulmonary hypertension 15 also seen i severe hyphoscohiosis
Tt1s possible that there may be a pulmonary artenolar disease which 15 compara
ble to systemc artenolar sclerass Cor pulmonale may appear as an acute disease
ar as a chronic illness The discase 15 notonously common 1n and around Pitts-
burgh, where 1t scems as if 1t were an occupational disease 1t 1s also known 10
occur n familics, as for example 1n the famuly referred to the author by Dr
Dresdale,” where the mother, her sister, and her son all died of pulmonary hy
pertension In the family reported by Coleraan et al ® three sibhin gs suffered from

primary pulmonary hypertension Furthermore, the author has studied pa

tients of all ages, from six months to over tw enty years, with what appeared to
be primary pulmonary hypertension

The pathology 1n the lungs 15 not the same 1n all mstances There 15 one
group of cases 10 which the minute vessels in the capillancs of the lungs show
an endartentss and inflammatory changes In another group of cases the lestons

appear to hie n the smalt muscular artenies and numerous thrombi oceur 1n th
lungs, many of which show evidence of recanglization These changes 2 o
tar to those descnibed by Rach? 1n patients with long standing pol chh ey
have afso been observed 1n a number of wfants 1 whom th D ot
therma Such lesions are bemn, s blyey

reported
with cor pelmongle g reported with mereasing frcqucncy 1n adults
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It1s also concenvable that * primary * pulmonary hypertension may be duc to
an arrest 1n the development of the pulmonary vascular bed of such a natuse
that the sntrapulmonary arterses ful to undergo their normal postnatal snvolu
tion It m1y be that, in the prescice of a congenital abnormality of the pulmonary
vascular bed, there are two opposing factors one 1s an abnormality of the lungs
which 15 of such a nacure as to increase the penipheral resistance and the other
1s the gradual expanston of the pulmonary vascular bed  which, as Edwards has
shewn, normally continues up to twenty years of age Thus, during childhood
and adolescence, the latter may offset the former wath the result that the in
creased pulmenary resistance may not become mamifest untl early adult he
Furthermore, 1t 15 possible that 1n some instances an acquired pulmonary infec
uon which would produce insigmficant scarning in a normal adult may be suff
cient to swing the balance unfasorably in a patient with an abnormality i the
pulmonary vascular bed

It 1s notoriously true, and has been repeatedly emphasized, that although pa
uents with cor pulmonale guve a hustory of sepeated respiratory mfectons, the
condution 1s rarely scen 1 chest clinics among the patents who are hnown to
suffer from long standing or chronic pulmonary infections

Allergy appears to be a factor 1n some mnstances, as 1n on of the author’s pa
tients who was extremely short of breath, so short of breath that she panted over
the telephone After a few weeks in Maine this patient was able to enjoy swim
mung and, when she returned, the dyspnea was no longer detcctable over the
telephone

Although 1t has long been assumed that there 15 no nervous control of the
lungs, there 1s increasing evidence that such a mechanism may exist Lilienthal
and Riley,? in their review of diseases of the respiratory system, referred to the
possibility and discussed the evidence in favor of it Indeed, the response of older
patients with an Eisenmenger complex to the inhalation of oxygen also strongly
suggests the existence of some nersous or humoral control over the pulmonary
vascular bed

“As previously mentioned, the author has studsed a pumber of infants who
suffered from primary” pulmonary hypertension When the difficulty dates
from busth, 1t seems clear that the pulmonary hypertension 15 congenital 1n or1
gin Thus 1t appears that pulmonary hypertension may be congenital or miy
result from acquired diserse

% Regardless of enology, * primary * pulmonary hypertension occurs as an 1s0-
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fated sbnovmality and may be present from bieth ‘The sncreased resistance in
the pulmonary vascular bed increases the worh requiced af the nght ventricle
and this 1o Turn sncreases the work requiced of the right aurscle As i all condh
trons which place a strain on the nght ude of the feart, the foramen osale may
be held open by the hugh pressurean the nght auncle In conteast ta the abnor
paahity i 3 alvulas pulmonary stenosis with an intact ventricular septum, and 1n
Ebstein s anomaly of the trrcuspid salve, the difficulty hes not within thie heart
bus sn the Jungs, consequently the high pressuse 1 the pulmonaty artery may
tend to keep the ductus artenasus from closing Thus pnmary pulmonaty hy
pertension occuss as a ssolated anomaly and st also occurs with persistent pat
ency of the ductus antenosus, the latter combination of anomalics praduces a
dustunctne chintcal syndrome and 1s discussed m Section B Section A 18 concerned

with primary pulmonary hypertension with and without patency of the
foramen ovale

A Prunary Pubmonary Hypertension with and without
Patency of the Foramen Quale

NATURE OF THE MALFORMATION

Vihus malformation 15 primanty due ta changes 10 the pulmonary vascular
bed The penpheral pulmonary vascular bed 15 abnormally constescted and
thereby the perspheral reststance w the lungs 15 mereased and the intrapulmo-
nary arterial pressure 15 abnormally bigh The heart stself 5 normally formed
The ductus astenosns is cdosed Although the nature of the changes in the lungs
s not fully understood, and mdeed may not always be the same, any condition
which neseases the perpheral resistance m the pultmenary sascular bed increases
the wack of the nght veatncle The sight ventricle becoraes shghtly diated and
greatly hypestrophsed The stram on the nght sentricle may be so great that th
pulmonary salve becomes insufficsent. The mcreased pressure n the nght v N
tricle mereases the work requiced of the nght aurscle to pump the b\oodgml ‘}“
nght ventncle consequently the sght auncle 15 also hypertrophied lnas::t XSC
tsﬂ LP::;(:}:; :OKI;IAL of the foramen ovale has not been caropletely sealed, ‘:;:;

rced open .
right todeft shunt vu{; bcb:);:[:lbch}s‘lﬁg El‘:;’;“;::hc ol sunle and thl’be 2
of alt patients 1o whom the pressure n the nghy o LpproKmalely 75 por cent
tng early snfancy gt auncle s abnormatly hl;a)x dlur
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COURSE OF THE CIRCULATION

If the foramen ovale becomes completely sealed and the ductus artertosus un
dergoes normal obliteratton, the course of the circulation 1s normal The blood
flows from the right aurscle to the nght ventricle and thence 15 pumped out
through the pulmonary artery to the lungs The constriction of the pulmonary
vascular bed increases the penipheral resistance in the lungs and this in turn
creases the work of the night side of the heart Nevertheless, the blood which
passes through the lungs 15 fully ovygenated and 1s returned 1n the normal fash
10n to the left auricle, thence 1t flows mto the left ventricle and 1s putnped out
through the ort1 to the systemic circulation It follows that the blood 1 the
systemuc circulation s fully oxygenated The blood 1s returned 1n the normal
manner by the supcrior vena cava and the infertor vena cava to the night aunicle,
there the cycle starts agun (sce Dragram wvin-1)

As with all malformations whch place a strain on the nght side of the heart,
as the pressure 1 the nght ventricle nises, the nght aurtcle cannot empty sself
as readily as normally Consequently, if the forumen ovale 1s not completely
sealed, as the pressure within the nghe auncle nses, the increased pressure m
that chamber eventually will force the valve covening the foramen ovale to open
1nd some venous blood from the nght auricle 1s shunted mnto the left auncle
Under such circumstances the muture of oxygenated blood which 1s returned
to the left auricle from the lungs and of venous blood which 1s shunted from the
nght auricle to the left auncle, wall flow into the left ventricle and be pumped
out through the aorta into the systemic arrculation The oxygen saturation of the
astertal blood will be reduced directly 1n proportion to the volume of venous
blood which 15 shunted from the night wricle through the foramen ovale to the
systemic arculation When the volume of unovygenated blood so shunted be

comes sufficiently great, the pient will show cyanesss (see Diagram vvim-2)

PHYSIOLOGY OF THE MALFORMATION
The physiology of the malformation concerns the abnormality 1 the lungs
There 1s progresstye narrowing of the small artenes and arterioles 1n the pulmo-
nary vascular bed The pulmonary capillary bed usually remans normal and
hhence the pressure in the capillanes remains normal Nevertheless, the ncreased
resstance m the pulmonary vascular bed increases the worh required of the nght
ventricle and consequently increases the pressure in that chamber The sncreased
pressure in the night ventricle tncreases the pressure agamst which the nght aunt

cle must work and this 1n turn raises the pressure m that chamber If the fora
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men ovale 1s not complerely sealed, st acts as an escape ¥ alve and shghtly reduces
the steasn on the heart If it 1s entrely sealed, the escape valve 3 closed and car
duac falure occurs carly The penpheral resistance 15 frequently so greatly
creased that the pressure 1n the pulmonary arculation exceeds the systemic
pressure Unless the pressure can be relics ed the condition leads mevitably to pro-
gressive right sided cardiac calargement and cardrac fasdure

CLINICAL FINDINGS

The chincal findings vary with the seventy of the conduwson In some 1n
stances the condition may be so severe that the mfant dies of carduac falure be
fore one year of age, athers the condition may be compatible with hfe for
moge than thisty years

Difficnlty m feeding and fadure 1o gans are common complarnts 1 an nfant
wth severe pulmonary hypertension

Repeated respiratory nfecnions bronchins and pnenmoma frequently occur
during infancy and childhood The patient may, howeser, be asymptomatic 1
nfancy and childhoed and na abnormality may be suspected unul early adult
life, when he suffers from some pulmonary snfection and thereafter desclops
dyspriea

Djspnea ss the outstandmg complamt {n infancy rapid respiration 15 the
mnstial mamifestavon  Not infrequently the condition progresses to carduac fail
ure before the seriousness of the respiratory distress 1s apprectated In an older
pattent the onset of dyspriea may occur abruptly after an intercurrent pulmonary

wfection and become rapidly worse unud he 1s sa short of breath that conersa
tion causes hum to pant

Asacks of suffocation oce lly occur The pul

y artery may be so
farge and the pressure 1n 12 50 high that exther of sts main branches may comprcss

the bronchi The author has seen one child in whom the compression was so
severe that he suffered from severe dyspnea after ying for a short tyme flat 1n
bed Bronchoscopic exammation revealed compression of the night or left mam
bronchus, depending upon which side the child was lying

The presence or absence of cyanosts depends upon the structure of the fora
menovale Infants with severe pulmonary hypertension almost alw ays show
sistent cyanosis and oxygen unsaturation of the arteral blood, because the lP“;‘
pressure in the night auricle tends to keep the foramen osale ol;cn and vh“g
left shunt 15 thereby established 1f the foramen avale 15 completel s:l ’llbd ‘ tl"l)‘
patent will show no cyanosis “The oxygen saturation of the a:thmlmblcac’u; :

5
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DiacramM xvin-1

Prmary pulmonary hypertension

In this malformation the primary abnormality 1s the 1ncreased resistance 10 the pulmo-
nary vascular bed  the ductus arteriosus 1s obliterated and the foramen avale 1s sealed
The aucculation of the bload 1s narmal

The blood from the nght auncle flows 1nto the nght ventncle and 1s pumped out
through the pulmonary artery to the lungs, where 1t 1s oxygenated The blood 15 re
turned 1n the normal manner to the left auncle thence it flows to the left ventucle and
1s pumped out to the systemic arculauon and returned by the supenor vena cava
and the infenor vena cava to the nght auncle There the cycle starts agan

The only cardiac change which occurs 1s the hypertrophy of the nght ventncle and
the nght auncle which 15 secondary to the increased work required of the right side
of the heart to pump the blood to the lungs against the increased resistance 1n the pul
monary vascular bed

Chimical diagnosts Dyspnea 1s the outstanding complamt The heart 1s usually not
greatly enlarged The pulmonic second sound 1s markedly accentuated There mav be

aloud early diastolic murmur The electrocardiogram shows a nght axis deviation and
ewdence of nght ventricular hy pertrophy
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Dracram avis-2

Primary pulmonary hypertension sith patency
of the foramen ovale

In thus malf prmary pul y hyp 1s combined with patency of
the foramen osale. The foramen ovafe acts as an escape valve for the hugh pressure m
the nght auricle by the establishment of a right 1o left shunt

Under such circumstances although most of the blood m the nght auncle flows
1nto the nght ventricle and 15 pumped out through the pulmonary artery to the lungs
and 15 teturned in the normal fashion ta the left auncle some blood from the nght
auncle 1s shunted through the foramen ovale to the left auricle Consequently the left
auncle recenves fully oaygenated blood from the lungs and some venous blood from
the night auncle This miture of oxygenated and venous bloed flows mto the left
ventricke and 1s pumped out through the aorta to the systemic arculauon and 1s re
turned by the supersor and infenior venae eanac to the nght auncle There the cyele
starts agam

Chnsral diagnons Cyanosis usually des elops nsidously It depends on the valume
of senous blood shunted 1nto the systenuc airculanon, hence cyanosis may be apparent
at buth or may not develop untl adolescence or adult hife The heart 15 of approst

mately normal aze with an insigouficant systolic murmur and a marhedly accentuated
second sound over the pul y area The elec

gram shows a nght axis
deviation and es1dence of nght ventncular hypertrophy
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proximately normal In an older patient who shows artersal oxygen unsatura
n it may seem plausible that the unsaturation could be caused by the pathelogy
the lungs, aclually n almost every instance i which a patient has shown
anosts, autopsy has revealed patency of the foramen ovale Therefore 1t scems
obable that the cyanosis 1n primary pulmonary hypertension has the same
1gin as that i “pure” pulmonary stenosis and 1n Ebstein’s anomaly of the
spid valve namely, the cyanosis 1s caused by the shunting of venous blood
om the right auricle through the foramen ovale to the systemic circulation

Clubbing 1s less marked than 1s the cyanosts

Polycythenia desclops gradually as the patient suffers from persistent oxygen
saturation of the artersal blood

Hemoptyas 1s a common complatnt in older patients but seldom iof ever o¢
rs in ainfancy

The blaod pressure 1s normal The palse 15 of equal strength 1n the arm and
cleg

Engorgement of the liver occurs as the heart begins to fail The lnver may be
me enormously enlarged and frequently pulsations are palpable at its margn
igorgement of the liver occurs readily in patients who show no cyanosts, be
use the foramen ovale 1s completely or nearly completely sealed

Edema of the extrenutics 15 also a late manifestation Inasmuch as the cond:
n 1s progressive, the edema may be extremely troublesome and difficult to treat

Ascites 1s also a late mamfestation and may become extreme

Syncope 15 a late and sertous mansfestation The circulation through the
1gs 35 0 slow that the minute output of the heart 15 reduced Consequently
re 15 not only a low pulmonary blood flow but also a low systemuc flow Fi
lly, the circulation of the blood becomes so sluggish that the supply of oxygen
the brain 1s seriously impatred Such appears to be the cause of the attacks of
1cope from which these pattents suffer After the devclopment of syncopal at
Ls the duration of life 1s relatsvely short Many a patient dies during an attack
SynCOPﬂ

Precordial parn may occur but 1s rare It too, 15 a late mamifestation and 15
nerally considered to be due to coronary msufficiency, it goes hand m hand
th myocardual farlure

RDIAC FINDINGS
The size of the heart varies with the seventy of the condition and the age at
uch 1t develops When severe pulmonary hypertension dates from birth, the
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feart undergoes progressive enlargement and cardiac falure occurs a\‘ an early
age When the pulmonary hypertension 13 Yess severe or develops at a kater ng.,
the heart may be but stighely enlarged Overa penod of years the heart under
goes gradual progressive enlargement The pulmonary sascufar disease may de
selop so raprdly that the condimon 15 fatal before the heart becotmes cnormously
enlarged

The second sonnd at the base of the heart ta the left of the sternum 1s mark
edly accentuated and often redupheated A decrease 1 the mtensity of the sec
ond sound may, hawever, accur a the presence of cardiac falure, 1t 15 ndicamve
of myacardial weakness

A systolc murmur may or may not be present Usually tis not loud

Pulmonary msufficrency feequently deselaps n cluldren and young adults
Indeed, the finding of a loud early diastolic murmur along the left sternal border
mna patient w1th a markedly accentuated pulmonic second sound should always
arouse suspicson of pulmonary hypertension The intensity of the diastolic mur
mur vanes greatly with the pauent s state of compensation If the condution 15
not too severe, 2 brief period of bed sest may cause the murmur to disappear, as
the disease progresses, the patient may develop a systolic as well as a diastolic
manmur The avthor has studied one seven year-old chuld i whom the murmur
closely resembled the harsh continuous murmur of a patent ductus but was
maxymal m the thid left intesspace After two days of digtalis and rest 1n bed
the continuous murmur disappeared and was replaced by an mconstant drastlic

murour These are few, if any, other cardiac abnormalities which shaw such
vanabilaty of mursmurs over such a short persod of tme

A RAY AND FLUOROGSCOPIC FINDINGS

The heart may or may not be enfarged The pulmonary conus 1s full and

“;\m“y the mam pulmonary anenes are markedly entarged Figure <vu-x
:}, ows great cardiac entargement in a child of nme years Figure xvii-z shows
e cantous of the hears of 2 boy of thirteen with seyere prumary” pulmonary

hypertension Fluorosco s
py uswally reveals a shght hilar &
fields ase clear

ance and the perspheral

np periphera

" f;,m - Examination 1n the cbhique positions gives litle addstronal
ton There s no enlargement of the left aun

ot g auricle, hence the esophagram

ELECTROCARDIOGRAPHIC FINDINGS

The standard leads show a marked right axis deviation and the unipolar pre
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Teure \spi-1 Primary pulmonary hypertension Child

cordsal leads show wvidence of nght ventnicular hypertrophy or the pattern of
so-called nght ventricular * stran” (sce Figure sviu-3)

SPECIAL TESTS

The circulation time 1s normal or prolonged

Cardrac catheterzation reveals high pressure on the nght side of the heart
The pressure m the night ventricle 1s elevated and the pressure 1n the pulmonary
artery 15 as high or hugher than that i the nght ventricle but the pulmonary
capillary pressure 1s usually normal If the foramen ovale 15 closed, there 15 no
shunt Under such circumstances the oxygen content of the blood samples taken
from the night auricle, the right ventricle, and the pulmonary artery should be
wdentical Even if the foramen ovale 15 patent, the shunt 1s from right to left,
there should be no sigmficant difference i the oxygen content of the blood 1n
the various places 1n the right side of the heart Cardiac catheterization 15, how
ever, not without risk, as these patients are extremely susceptible to arrhythmias
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Fioure svm-2  Primary  pulmonary hypertension Chuld

Nesertheless, the procedure 1s more informative and less dangerous than angso-
cardiography

Angiacardiography 1s not helpful and may be dangerous The constriction
m the pulmonary arteriolar bed slows the circulation of the blood through the
lungs If the pulmonary hypertension ss marhed, the blockage of the pulmonary
artersoles with the dye may entirely cut off the supply of oxygen to the pauent
and tead to death ‘The only posiuve finding upon angiocardiography 1s the
lingering of the contrast substance 1n the night ventnicle and the main pulmo-
nary artery ‘Thus the picture 1s identical with that of valvular pulmonary steno-
s1s with an mtact ventrscular septum

/DIAGP«DSIS

The diagnosis 15 based on the marhed accentuation of the second sound at
the base of the heart to the left of the steroum combined with evidence of nght
ventneular bypertrophy and stram ‘The occurrence of a loud early diastolic
mnzmur is common ‘The x ray shows fullness of the pulmonary conus and the
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main pulmonary artenies, upon fluoroscopy a ilar dance 15 visible Cardiac
catheterization reveals a lugh pressure 1n the main pulmonary artery and noewt
dence of an itracardiac shunt or abnormality

DIFFERENTIAL DIAG\OSIS

In young infants who show cyanosss, the condition may simulate a tetralogy
of Fallot, 1 complete transposition of the great vesscls, or “pure” pulmonary
stenosts, that 15, valvular pulmonary stenosts 1 which the ventnicular septum 1s
mntact and the foramen ovale 1s held open by the Igh pressure on the nght side
of the heart

In children and young adults, prior to the development of cyanoss, the con
dion may be confused with 1diopathic dilatation of the pulmonary artery, a
corrected transposition of the great vesscls, an auricular septal defect, a patent
ductus arteriosus without a continuous murmur, or acquired heart disease with
rheumatic or syphthtic aortic msuffictency, and occasionally with aortic steno-
sis When the onset of cyanosis 1s delayed, the condition requires differentiation
from polycythemia vera and the Eisenmenger complex With or without cyano-
s1s the malformation must be differentiated from ‘pure’ pulmonary stenosis or
Ebstemn s anomaly of the tricuspid valve The conditton may occasionally be
confused with mitral stenosts and waith a tumor of the left auricle

Tetralogy of Fallot may be confused with primary pulmonary hypertension
1n young nfants who show deep persistent cyanosis and no murmurs Over 2
period of months, the evidence of progressive cardiac enlargement clearly differ
entrates the malformation under discussion from a tetralogy of Fallot

A complete transposition of the great vessels may also be confused with pn
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nary pulmonary hypertension, asat birth in bath instances the heart lsl normal
1 size and the vascular markings are shghtly sncreased 1 there 15 pul mon::;y
hy pertensian, as the heart undergoes enfargement the vascular marhangs Je
ease and the fullness of the pulnonasy conus becomes appareit, thercby duffer
enbiating the condhnon from a complete transposition of the great vesscls

Pure pul y stenass bles prumary pul 1y hyperiension 1
that progressne nght sided carduc enlargement and fullness of the pulmanary
conus may occur, and there may or mway not be cyanosis In pure pulmonary
stenasts the systolsc musmur 15 loud and harsh and eads abruptly wath the end
of systole and the second sound ss weah or sbsent, w hereastn pumary pulmo-
nary hypertension the second sound oser the pulmonary area 15 marhedly ac
centuated Indeed, it 1s only in the presence of cardac fatlure and the consequent
weakening of the second sound that the two condinions may be confused Under

such trcusstances cardiac catheterization may be necessary o establish the
diagnoss
Miopathic did of the pul y artery duffers from prmary  pul

monary hypertension 1n that the puimonic second sound 15 not accentuated
The electrocardhogram shows no evidence of exteerme rght sentocular hyper
trophy Cardiac catheterization confirms the chscal impression that the pulmo.
nary pressure ts nogmal
Corrected transposition of the greas vessels may be confused wath ‘primary’
pulmonary by pestension because of the finding of marked accentuanon of the
second heart sound over the pulmonary area combined wah < ray evidence of
fullness of the pulmanary conus In a corrected transpasiton of the great vessels
the electrocardiogram shows a tendency to a left axs deviation and evdence of
teft sennicular hypertrophy Furthermore, angiocardiography clearly shows
lhfl/lbc fullness of the pulmonary conus i< caused by the ascending aorta
Az auricwdar septal defect 15 usually associated with a systolic murmur gver
o ot o Py The plmone
b Dy lﬁmomr N 3s markedly accentuated as 10 patients
¥ hypertension The electrocardiogram shows a tend
:;:Z Ct: ;;:Ej: ::}‘,‘th;: ::t:}ol:, a::i ::x;zfogly shaws evidence of 2 ight bundle
AN |2 xtreme night ventncular hypcmophy
P ctus arferous may be mustaken for prumary pulmonary hyper
nfants whale the pulmonary

heart s usually

stolic murmur and often 3 low ptched mud diastolie
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main pulmonary artenies, upon fluoroscopy a hilar dance 1s visible Cardiac
catheterization reseals a lugh pressure 1n the mamn pulmonary artery and noewt
dence of an intracardiac shunt or abnormality

DIFFERENTIAL DIAGNOSIS

In young infants who show cyanosts, the condition may simulate a tetralogy
of Fallot, a complete transposition of the great vessels, or “pure’ pulmonary
stenosts, that 1s, valvular pulmonary stenosis in which the ventricular septum 1s
wntact and the foramen ovale 1s held open by the high pressure on the right side
of the heart

In children and young adults, prior to the development of cyanosss, the con
ditton may be confused with 1diopathic dilatation of the pulmonary artery, 3
corrected transposition of the great vesscls, an auricular septal defect, a patent
ductus arterosus without a continuous murmur, or acquired heart disease with
rheumatic or syphilitic aortic insufficiency, and occasionally with aortic steno-
s1s When the onset of cyanosis 15 delayed, the condition requires differentiation
from polycythemia vera and the Eisenmenger complex Wath or without cyano-
s1s the malformation must be differentiated from ‘ pure pulmonary stenosis or
Ebstein’s anomaly of the tricuspid valve The condiion may occasionally be
confused wath mutral stenosts and with a tumor of the left auricle

Tetralogy of Fallot may be confused with primary pulmonary hypertension
n young infants who show deep persistent cyanosis and no murmurs Over 2
pertod of months, the evidence of progressive cardiac enlargement clearly differ
entiates the malformation under discussion from a tetralogy of Fallot

A camplete transposition of the great vessels may also be confused with pnt
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sounds are weaher and more confused The dectracardiogram does not show a
marhed right axis deviaton and schGom shows evidence of night ventricular hy
ophyn Va

lem stenons 1s occasionally sosevere that 1o Jittle Blood 15 foreed through
the smtal salye 1o cause 2 presystohc murmus Osly a fant systolic murmur 1s
audible aver the base of the heast 2nd the pulmonary second sound 15 accentu
ated X ray or Ruoroscopic examugation should rescal enlargement of dic Jefe
sunde The tlectrocardiogeam wsually shows notched P wares assocated with
left auncular enlargement, and not the pyramdal’ P waves seen with hiaa
uon and hypestrophy of the nght auncle Cardiac cahetenization not oaly shows
hugh presstre 1n the right ventricle and 1n the pulmonary artery but also rescals
aligh wedge pressure

A tamor of the Iejt anncle s saxe. Nevertheless, since the chnseal syndrome®
produced thereby resembles mutral stenosss, 1t too may require differentianon
from prmary pulmonacy hypertension A tumos of the left aundle which ob-
atructs the flaw of blood through the mutral valve may gu ¢ the chinteal and labo-
rarary sigas of muteal obstruction without creulatory signs of mtral stenass
Fatigue 15 a common complamnt There may be dyspnea on exertion and acute
attachs of pulmonary edema Furthermore, the obstrucuon to the flow of blood
through the left auncle causes back pressuze an the lesser airculation, this eventa
ally ncreases the pressure n the pulmeonary artery and causes nght sided cardiac
strain Cardiag catheterization shows not only hugh pressure 1 the pulmonary
antery but nereased pressure 1 the pulmanary capilarybed An, grocardiography
maybe of udin that 1t may demonstrase a filling defect 1n the lefr aurycle

COMPLICATIONS

The compheations result frona the low pulmonary blood flow with the cor
sespondingly low systemic flow and from the polycythemia As the airculanion
to the lungs becomes extremely sluggish, thromboss may develop in the main
branches of the pultmonary artery Such thrombi may become so enormous that

they serously obstruct the pulmonary blood flow and thereby sull further 1n
;xeasc the work required of the right ventricle Thrombosss of one of the mam
d:;mchqs of the pulmonary srtery should be suspected when there 15 enarmous
2 a’t;lmn of ltlhc tifar sessels and minmal o na pulsation visble theren
crmwmally the systemic cireulaty
b ation may become so sluggish that multiple
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murmur are present The lungs appear extremely sascular There 15 usuall
cither a balanced electrocardiogram or a tendency to a left axss deviation with
evidence of “combined” ventricular hypertrophy

Rheumatic or syphilitic heart disease and aortic msuffictency are considered
only because of the occutrence of a diastolic murmur along the left sternal bor
der The absence of any hustory of acute theumatc fever or of syphiliuc infec
tion, combined with electrocardiographic evidence of nght rather than left
ventricular hypertrophy, should offer the clue to the diagnosis Furthermore,
fluoroscopic exammnation will reveal no fullness of the pulmonary conus and
shight, sf any, llar pulsations In doubtful cases, cardiac cathetenization may be
of help In the presence of aortic insufficiency the pressure in the nght sentncle
and in the pulmonary artery will be normal or moderately elevated, secondanly
to back pressurc from the left side of the heart, whereas with ‘primary pul
monary hypertension the pressure 1n the night ventricle and i the pulmonary
artery will be marhedly elevated

Aortic stenosis may be considered because of the attachs of syncope and pre
cordial pan The two conditions are, howener, readily differentiated, as aortic
stenosts places a severe stram on the left ventricle, whereas 1 ‘ prmary” pulmo-
nary hypertension the strun falls on the night ventricle In the former the electro-
cardiogram shows evidence of extreme left ventricular hypertrophy, whereis
the latter there 1s extreme right ventricular hypertrophy

Polycythemia vera does not cause oxygen unsaturation of the artersal blood
The electrocardiogram 1s usually normal, whereas electrocardiographic evidence
of a right axis deviation and nght sentricular hypertrophy 1s the rule in the mal
formation under discussion Furthermore, in polycytherma vera cardiac cathe
terrzation seveals a normal pressure i the pulmonary artery

~/en Esenmenger complex differs from primary pulmonary hypertension 1n

that a systolic murmur 1s more common and the second sound to the left of the
sternum 1s not as forceful as m primary pulmonary hypertension The electro-
cardiogram shows greater evidence of left ventricular hypertrophy Fluoroscopy
often reveals evidence of left auncular enlargement The circulation time 15
short There 15 oxygen unsaturation of the arterial blaod, which mcreases with
exerase Cardiac catheterization generally shows evidence of both a left to-right
and a right to left shunt at the ventricular Jevel

Ebstesn’s anomaly of the ticuspid valve can usually be differentiated from
“pnmary” pulmonary hypertenston 1n that the heart 1s larger and the heart
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bed The tereased ressstance m the pulmonary vascalar bed increases the “‘“L‘
VUT the night side of the heart, these sesults nght entneular hypertrophy and
datatson of the main pulmonary astery and tts branches

“The course of the airculatson 15 noswial, cxeept when the foramen ovale 15
held apen by the lugh pressure in the nght suncle and 2 nghr tolefs shunt 1s
thereby estabhshed

Dyspnca ss the cutstanding corplassc

Engorgement of the bines and asces develop 35 carduc falure becomes
severe

Syncope and precordund pa are late mamfestanions

The heart undergoes progressne enlargement, which 15 mawly nght suded
‘The pulmome second sound x5 accentuated and there may be a fong, foud, carfy
dustohe murmur

Fluorscopy reveals a fullness of the pulmonary conus, there may be 2 con
spicuous hilar dance but the periphery of the lungs s clear

The electrocardiogram shows marked nght axis deviation and evidence of
nghtentricular hypertrophy

The duagnosis 15 based upon the finding of 2 nght sided cardiac enlargement
and 2 markedly accentuated second sound over the pulmonary area ‘The size of
the beart, the age at which the patient develops symptoms, and the rapudity
with whach these advance to cardiac fature depend upon. the euclogy and the
seventy of the pulmonary vascular changes

Thed 15 defimtely estabhished by carding eathetenzatiun and the find

g
ing of a bgh pressure in the pulmonary artery, with 2 normal w :dgc pressure,
and no evidence of sntyacarduac shunt

The malformaton must be differenttated from other condittons whach cause
night sided cardiac strain with 6r without persistent cyanoss In carly sofancy
the condition may be confused with a tetralogy of Fallot or a complete transposy
tion of the great vessels As the heart enlarges, 1s contour becomes smlar 1o
thatof 2 pure pulmonary stenosis In the absence of cyanasts, the conditson 15
most commonly confused with sdiopathic dilatauion of the pulmonary antery, a

carcected transposinon of the great vessels, shewmate or syphilitic heart disease
wsth aorue insufficiency, and the Exsenmenger complex For a complete kst se
under Differential Diagnosss )

Treatment s unsausfactory but should be dyrecred taward a reduction sn the
trapulmonary pressure In the presence of cardiae fanlure digitalis 15 sndseated

The progaoss 1 poor The
pulmonary hyperen,
and evenmally Yeads to cardiac faibure and Zmﬁ o 15 vauallv progressne
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TREATMENT

At the present time treatment 1s only palliatne Digitalis will help o
strengthen the falling heart Any drugs' which offer the possibility of relaxation
of the pulmonary vascular bed, such as priscoline or hexamethonium, may gue
some relief It 1s hoped that some drug may be discovered which will signif
cantly reduce pulmonary pressure

The possibtlity of 1n allergic condition should be mvestigated As previous))
mentioned, the author has seen onc patient who was greatly benefited by a
summer m Maine, a part of the country which 1s known to be free from pollens
and offers relief to many persons with hay fever Poppe, in discussion of a paper
by Kaunitz and Andersen,! reported one patient 1n whom denervation of the
lungs caused a long sustained reduction 1n the pulmonary pressure, but to the
author s knowledge this 1s the only case in which denervation has been success-
ful

There are probably many causes of “primary” pulmonary hypertension Nev
ertheless, until the etiology 1s known and a speaific therapy 1s available, any
measures which may reduce the pulmonary pressure should be given a tral

PROGNOSIS
The prognosis varies with the severity of the pulmonary hypertension It un
doubtedly also varies with the etiology In very young patients in whom the
pulmonary hypertension 1s more probably due to congenital abnormality of the
pulmonary vascular bed, the slow expansion of the normal lung may compensate
to a certain cntent for the abnormality 1n the pulmonary vascular bed Conse
quently there may be considerable improvement duning clhildhood A number
of women have reached matunty and married and a few have been hnown to
bear normal children Such, however, are the exception The condition gener
ally progresses to an carly fatal termination Death may result from cardac fail
ure or the arculation my become so sluggish that 1t 15 incompauble with Iife

SUMMARY

‘Pnmary pulmonary hypertension means that there 1s increased resistance
1n the pulmonary vascular bed and that the heart atself 1s normally formed

The ctiology 15 obscure and 1t 15 probable that there 1s more than 2 single
etiologcal factor

“Prymary” pulmonary hypertension may date from birth and there may be
no evidence of mfection demonstrated esther during hfe or at autopsy, hence

st1sbelieved to be caused by a congenital abnormality in the pulmonary vascular



WVIIT PULMONARY HY PERTENSION 447

bed The mereased resistance 1 the pulmonary \ascular bed mereases the w orh
Fd\c righe side of the heart, there results nght yentrscular hypertrophy and
dilatanon of the mam pulmonary artery and 1ts branches

The course of the curcufation 15 normal, except » hen the foramen ovale 1s
held open by the high pressure 1 the night auncle and a nght to-eft shunt 1
thereby establiched

Dyspaca s the outstanding complaint

Engorgement of the lner and asctes develop as cardiae fmlure becomes
severe

$yncope and precordial pain are fate mamifestations

The heart undergoes progressine enlargement, which 1s maly nght sided
"The pubmonic second sound 1s accentuated and there may be 3 long, foud, carly
diastolic murmur

Fluorascopy reveals a fullness of the pulmonary conus, there may be a con
sprcuous hular dance but the peniphery of the lungs 1s clear

‘The clectrocardiogram shows marked nght aws deviation and evidence of
nghtventnedar hypertrophy

The diagnoss 1s based upon the finding of a nght sided cardiac enlargement
and 2 markedly accentuated second sound over the pulmonaty area The size of
the heart, the age at which the panent develops symptoms, and the rapidity
with whach these advance to cardrac fatlure depend upon the ctiology and the
severity of the pulmonacy vascular changes

The dragnosis 15 d ly established by cardiac cathetenizauon and the find
g of a hugh pressure 1n the pulmonary artery, with 2 normal wedge pressure,
and no evidence of intracardiac shunt.

‘The malformation must be diff

d from other cond which cause
gt sided cardiac stram with or without persistent cyanosis In early infancy

the condition may be confused with a tetralagy of Fallot or a complete transposy
uon of the great vessels As the heart enlarges, 1ts contour becomes similar to
thatofa pure pulmonary stenoss In the absence of cyanosss, the condition 15
most commonly confused with 1diopathic dilatatson of the pulmonary artery, 2
cortected transpontion of the great vessels, theumatic or syphilitic heart dx:cy;sc
with aortic insufficency, and the Essenmenger complex For a complete
tnder Dufferential Diagnosis et
Treatment 15 ynsatisfactory but should be dsrected toward a reducuon 1n the

lnlx;{:x\monaxy pressute In the presence of cardiac farlure digitalis 1s indicated
‘¢ Prognosis s poor The pulmonary hypertension 15 usually progressiye

and eventually Jeads to cardrac farlure and death



446 SPLCIFIC MALFORMATIONS
TREATMENT

At the present time treatment 15 only pallative Digitabs will help w
strengthen the fatling heart Any drugs™® which offer the possibihity of relaxauon
of the pulmonary vascular bed, such as priscoline or hexamethonium, may gne
some relief It 15 hoped that some drug may be discovered which wall signf
cantly reduce pulmonary pressure

The possibility of an allergic condition should be insestigated As presiously
mentioned, the author has scen one patient who was greatly benefited by 2
summer m Maine, a part of the country which 1s known to be free from pollens
and offers relicf to many persons with hay fever Poppe, 1n discussson of a paper
by Kaunitz and Andersen,” reported one patient 1n whom denervaton of the
lungs caused a long sustained reduction n the pulmonary pressure, but to the
author s knowledge this 1s the only case 1n which denervation has been success
ful

There 1re probably many causes of ‘primary” pulmonary hypertension Nes
crtheless, until the etiology 1s Anown and a specific therapy 1s available, any
measures which may reduce the pulmonary pressure should be given a trial

PROGNOSIS

The prognosts vartes with the severty of the pulmonary hypertension Jtun
doubtedly also varies with the etiology In very young patients mn whon the
pulmonary hypertension 1s more probably due to congental abnormality of the
pulmonary vascular bed, the slow expansion of the normal lung may compensate
to a certamn extent for the abnormality m the pulmonary vascular bed Conse
quently there may be considerable improvement during childhood A number
of women have reached matunty and married and a few have been hnown to
bear normal children Such, however, are the exception The condition gener
ally progresses to an early fatal termination Death may result from cardac fail
ure or the circulation may become so sluggrsh that 1t 1s mcompatible with hife

SUMMARY
Primary” pulmonary hypertension means that there 15 1ncreased resistance
1n the pulmonary vascular bed and that the heart atself 15 normally formed
The enology 15 obscure and 1t 15 probable that there 1s more than 2 single
ctiologreal factor
‘Prymary’ pulmonary hypertension may date from birth and there
1o evidence of infection demonstrated esther duning Life or at autopsy, her;ce
1t 15 believed to be caused by a congenital abnormaluty 1n the pulmonary vascular

mny be
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When the hugh pressure in the lesser asreutanon 15 due to changes 1 the
pulmonary vascular bed and the hear atself 15 normally formed, the course of
the cureulation 1 as follows

The blood from the nght aunde flows mto the nght sentncle and 15
pomped out ko the pulmonary ariery 18 the normal manner 1E the pressure
10 the pulmonary artery excceds that m the descending 011, a consderable
volume of blood en the pulmonary artery wall pass through the ductus arteriasus
to the descending aorta The blood i the pulmonary artery ® huch flows to the
fungs s oxygenated 1n the lungs and returned in the normal manner to the left
aunde, thence ot flows smto the left ventncle and 15 pumped out through the
aorta to the systerc carculation: Consequently the head and the upper extremn
ues recene fully oxvgenated blaod fram the feft ventrucle, whereas the trunk
and lower extremities receise a mivture of fully oxygenated blood from the feft
ventricle and of venous blood which flows through the ductus arteniosus to the
descending aorta §1 follews that the bload directed to the lowes extremities 15
not fully oxygenated The blood from the upper extremunes 15 returned by the
supenior vena cava to the nght auncle and that fram the lower cxtremuties 15 re
trned by the infenor vena cava to the nght aunicle There the cyele starts again
(see Diagram <vin-3)

When the pulmenary hypertension 1s due to a severe malformauon on the
Jeft side of the heart, the course of the crzculation 15 altered only by the fact that
a considerable part of the axygenated bload retusned to the left asncle will be
shunted through the aucicular defect mto the nght auricle, and consequently a
mixture of oxygenated blood from the left auncle and venous blood fram the
nght auncle will fow 1nto the right ventrcle and be pumped cut through the

pulmonary artery to the Jungs and through the ductus artersosus to the descend
1“;5 zotin'gf:mumny this racans that the oxygen saturation of the blood an
level New cr:hgl::s“:];zs:::;s o hen e 1 10 shunk 3t e aurcular

s as the volume of the shunt varies with the seyent
of the pulmonary hypertension and the size of the ductus artenosus, the oy cy
unssturanon of the artersal blood 1n the descending aorta 15 subject ta cunsﬁyc:l
:i:f;ﬂ;;l::; Regardless of the presence ar absence of ap auncular defect and 2

s the left side of the heart, the head 204 the u
secerve fult pPCf extremities
I, ry" oxy;gcnatcd blood which has been pumped from the left ventricle
orta
venous blood 2[5‘::1;&1:0;:\‘;3::)‘}1: trunk andlower extremives recene some
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B Pulmonary Hyper tension with
Persistent Patency of the Ductus Artertosus
Pulmonary hypertension combined with persistent patency of the ductus
arteriosus produces a distinctive clinzcal syndrome when the pressure 1 the pul
monary artery 1s greater than the systemic pressure

NATURE OF THE MALFORMATION

The essential feature of this malformation 15 the combmaton of sexere pul
monary hypertension and persistent patency of the ductus arteriosus Conse
quently any condition which causes the pulmonary pressure to be hugher than
the systemic pressure, when 1t occurs 1n combination with persistent patency
of the ductus arteriosus, will produce this clinical syndrome - ** The pulmonary
hypertension may be primary, that 15, due to mereased resistance 1n the pulme-
nary vascular bed, or 1t may be sccondary to 2 severe malformation on the left
side of the heart combined with a gross defect 1n the auricular septum

The malformation may be that of severc mutral stenosts or there may be de
fectrve deselopment of the left ventricle and marked hypoplasia of the ascend
ng aorta In exther instance, if there 1s also a gross defect 1n the auricular septum,
as soon as the pressure 1n the left auricle exceeds that in the night auricle, a con
siderable volume of the blood returned to the left auricle wall be shunted mnto
the right auricle and thence to the nght ventricle The muxture of oy genated
blood from the left auricle 1nd of venous blood from the right auricle, which
flows into the right ventricle, will be pumped out through the pulmonary artery
to the lungs and through the ductus arterosus to the descending aorta

It 15 concenvable, although sull unproven, that an excessnely large ductus
artenosus 1 which the pulmonary hypertension 1s mitially compensatory mly
ultimately lead to irreversible changes 1n the lungs which will progress to sucha
pont that the pressure 1n the pulmonary artery will exceed systemic pressure
Consequently the flow of blood through the ductus arterosus will agam be re
versed 'The author believes that this may occur when a child with an enormous
ductus arteriosus regams compensation and 1s extremely active It 15, however,
the exception, not the rule

COURSE OF THE CIRCULATION

The course of the circulation varies with the nature of the pulmonary hyper

tension
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Discrant aviil-3

Primary pulmonary hypertension with patency
of the ductus artertosus

In thus malformation there 15 1ncreased resistance 1 the pulmonary \asslas bed and
the ductus arteriosns 15 patent,

The blood fram the nght auncle flows 1ato the night sentncle and 15 pumped into
the pulmonary artery Part of the blood 1n the pulmonary artery flow sto the funys and,
beeause of the high pressure i the pulmonary arery part flows through the ductus
arteniosus 19t the descending aorta The blood which flows to the Tungs is axygenated
and 15 returned 10 the normal fashion to the Icfit auncle Thence 1t flows 1o the left
rentncle and 13 pumped out throngh the 2oma to the systemic asreutaton The blood
which flows to the head and the upper extremities is seturned 1n the normal manner
by the superior vena cava to the nght auncle The blood which flows through the
arch of the aorta to the descending aorta mects the venous blood which flows through
the ductus arteriosus to the descending aorta This mixture of arteral and venous
blood flows to the trunh and the lower eatrernities and 1s rewrned by the infenior
vena cava to the nght auncle. There the cycle starts again

Cliaseal diagnosts 15 based upon the fact that the blood which flows to the lower
extreries 35 not fully saturated hence the feet are cyanouc and the head and the
upper exsrerttes of normal color The heart 1s normal i size The pulmome second
sound 1s accenwuated and there may be marhed pulmanary insufficiency The electro-
cardiogram shows 2 tight axis deviation and evidence of nght ventneular by pertrophy
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DiacrAM XvIII-4

2

Prnaary pab ry Byperter dutha
severe left saded heart lesion and persistent
potency of the ductus artenosus

1o thus malformation theze s & fross aboormality on the tefe side of the heart either
smtsal stenosts o nnderdeydapment of the left venncle and hypoplasia of the ascend
1ng aota, or some ather severe left sided cardiac leston combined with a gross defest
n the auncular septum

Under such sucumstances the blood from the nghe auncle flows anto the nght
ventricle and 15 pumped out through the pulmonary anesy 1o the lungs and slsa
through the ductus artcriosus to the descending aorta The biood which flows wo the
tungs s fully oxy genated and is rewuened in the normal manner to the left suncle. Ow
10g to the malformanon an the left side of the heart, 1t 15 difficult for the blood in the
{efx suncle to fow imto the left ventnicle and to be pumped out theough the aoma 0
the systemic crculauon. Nevertheless the blood which does flow to the left ventncle
and thence 10 the systemuc csreulation 1s fully oxygenated The high pressure in the
lefr auncle combned with the defect in the auncular septum, means that a consider
able volutme of exygenated bload 1s shunted from the left auncle ta the night aunde,
where 1t rouxes wath the venous blood retwrned by the supenor vena eava and the 1w
fenor vena cana 1o that dhember This muxware of oxygenated and venous blood flows
unto the nght vensncle So the cyde continues

In this combination of anomaies two factors increase the pressuse sa the pulmonary
artery The nght ventnicle pumps blood through the ductus arteriasus ta the descend
g aanta hence the pressuce 1a the pulmonary antesy 1s the same as that 1 he de
sceadiag aosta {n addison the hagh pressure inhe Jeft auncle clevates the pressure 1n
the pul y capillary bed € Jy there 1s severe pulmonary hypertension 1
the pressure in the descending aorta 15 sigasficantly lower tham that 1a the pulmonary

antery as so frequently occurs with a severe left sided lesjon some veaous bload 1 the
descendung aorta may be forced bach into the left o

ubclaysan art 0
of the left hand as well 25 of the feet. R arery, caunng eyanons

Climcal diagnoste The dfference 3n cyanosss between th
e e b e (hg;y en the two hands or between

nosis ta be made at sight Although special
st;x:i:s ;‘my be n;trs;ary to determune the exstence of 2 malfanfmuon on d\g; l:.flpc:dc
0i

e ncg ),:2::, :Iu: aleston should be suspected 1f the left hand 15 more cyancte than
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artery may be s0 great that there 15 clubbing of the fingers of the teft hand but
not of the night Under such circumstantes the superficaal appearanee 15 that of
umiateral cyanosis namely, the 1efs sude of the body appears to be cjanotic and
the right sde of normat color Usualty careful examsnation of the back will show
that the head and nech and the tops of the shoulders are of normal color and
the remamder of the thorax 1s cyanotie The line of demarcation of the cyanosts
es at a shightly lower levet on the sight shoulder dhan on the left, as the upper
gact of the night shoulder recenves ats blood supply from the nght scapular ar
tery, which carrses fully oxygenated blood
“The difference 10 cyanosts between the upper and {ower extremties 18 usually
suffiiently marked so that the dignesis can be made at ssght
Palycythena deviops siov fy Imwally the pauent 15 nat polycythiense and
tmay even be anemic In the presence of ancmia the volume of reduced hemo-
globmn crrcutanng through the lower extrenuities may be too shght to produce
sible * cyanoss As the polycythemia increases, the paucnt has the lugh color
and the plethorsc appearance so commanly seen 1n palyeythemta vera
Difficulty sn fecding and fadure fo gan are common complants m early
wnfancy
Repeated pulmonary smfectians are of such frequent occurrence that 1t some
times seemns as 3f the nfant has hardly tecovered from one wfection before he
develops another
0 ey penn e s oot et
dyspnea which bnngs the patient ta thy e eopment of excrional
P a the doctos Thereafter dyspnea persists as

the outstanchng dsfficulty and breomes snereasingl
evere th
mander of the pasens s e el sevre thiovghout the re

CARDIAC FINDINGS

The sie of the heart vanies with the underlying pathology If the conds

:) :n: of ‘prmary pulmonary hypertension combined wath patency of the (‘if:
e ::c;oz\;: the ;c:u; may be remarkably small, because the ductus arteriosus
— mdc}:; v m\c or the hugh pressure 1 the pulmonary artery (sec Figure
e J; patency of the duerus arteriosus means thas the pressure
and tiys 1n turn );1 :{hcamm grealy exceed that 0 the systenue cuceulavion

e n | m}xl e work required of the hearr Nevertheless, the righ
Branches are dul; > Dpertrophied and the pulmonary artery and o
ated consequently the pulmm«ry COIUS 35 Prominent X’?fz n;m;l

¢ pyl
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PH3SIOLOGY OF THE MALFORMATION

When the ductus arteriosus remains patent, as soon as the pressure 1 the
pulmonary artery exceeds systemic pressure, the direction of the flow of blood
through the ductus will be reversed, that 1s, blood will flow from the pulmonary
artery into the descending aorta For this reason the condition 1s frequently
called a ‘reversed ductus” When ths occurs, the ductus arteriosus acts as an
escape valve, 1t prevents the pressure 1n the pulmonary artery from ever greatly
exceeding systemic pressure and thereby lessens the load placed upon the heart
It does not, however, limit the extent of jury to the lungs There 15 progressive
narrowing of the pulmonary vascular bed which causes an ever increasing vol
ume of blood to be shunted through the ductus arteriosus 1nto the descending
aorta

If there 1s a severe lesion on the left side of the heart, the pressure 1 the sys
temic circulation 1s frequently abnormally low Hence there 1s a greater tend
ency for the pressure 1n the pulmonary artery to be sigmificantly higher than that
in the descending aorta There 1s a correspondingly greater ikelihood for some
of the blood which 1s shunted from the pulmonary artery through the ductus
arteriosus to the descending aorta to be directed bach into the left subclavian
artery Under such circumstances the left hand may appear shghtly cyanouc It
follows that, when the left hand 1s more cyanotic than the night, the chances are
n favor of the exstence of a malformation on the left side of the heart

CLINICAL FINDINGS

The distribution of the cyanosis gaves the clue to the diagnasis The head and
the upper extremities are of normal color, whereas the lower extremities, which
recetve the mixture of oxygenated blood from the ascending aorta and of venous
blood from the pulmonary artery, are cyanotic When the pressure 1 the aorta
15 lower than that in the pulmonary artery, owing to the close proximity of the
left subclavian artery to the point of entrance of the ductus arteriosus, some ve
nous blood 1s forced back up the aorta and not infrequently the left subclavian
artery Iecelves some venous blood, together with the fully oxygenated blood
from the ascending aorta Consequently the left hand may be more cyanotic
than the right Often the difference 1 cyanosts between the two hands 15 not
great, even the difference m cyanoss between the left hand and the feet may
not be convincing but, upon comparison of the right hand with exther foot, the

difference in the color 1s readily apparent
At times the oxygen unsaturation of the artersal blood 1n the left subclavian



\VilI PULMONARY HYPRERTENSION 457
X RAY AND FLUOROSCOPIC FINDINGS

When primary pulmonary hypertension is assocsated wath persistent patency
of the ductus artertosus, the heart 15 usually normal 1n size but, when the cond1
tion 15 assocsated with a matformation on the left side of the heart, there may be
considerable cardiac enfargement In the antesor postenor postion the pulimo.
nary conus 15 promunent and the man branches of the pulmonary artery are
shghdy ddlated (sce Figure ‘vitr-g) Sometimes therc 15 enormous dilatation of
the pulmonary artery and its mamn branches, as shown in Figure xvi-5, 1n thus
instance the conditzon had progressed so far that there was calafication i the
mawn branches of the pulmonary artery In the left anterior-oblique positson the
nght sentncle usually appears to be shghtly to moderately enlarged The nght
antenor-oblique posinon 15 usually best for the determumnation of left auncular
enlargement 1f the lefe auncle ss enlarged, 1t 15 strong evidence that the pulmo-
rasy hypertension 1s secondary to a senous abnormality of the left auncle or the
left sentricle and that the defect in the auncular septum 15 staall

Frevre xvmi-5  “pry
mary pulmonary hyperten
ducwms antenosus yz{duk o and patency of the

Mote ealatfieation i the aorta and th

of the pulmonary me:ymm branches
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Ficure aviu-4  Primary ’ pulmonary hypertension and patency
of the ductus artenosus Adult

monic second sound 15 accentuated and usually reduplicated There may be a
long, loud early diastolsic murmur along the left sternal border due to pulmonary
wnsufficiency

When the pulmonary hypertension 1s secondary to a malformation of the
left auricle or the left ventricle, the heart may or may not be enlarged Further-
more, there may or may not be clinical evidence of mutral stenosts In some 1
stances a presystolic murmur may be audible at the apex In other nstances a
severe malformation of the left side of the heart may produce no abnormal mur
mur or thnll A severe malformation on the left side of the heart frequently
causes the pressure n the systemic circulation to be abnormally low
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X RAY AND FLLOROSCOPIC FINDINGS

When primary pulmonary hypertension 1s assoctated with persistent patency
of the ductus artentosus, the heart 15 usually normal in size but, when the condi
tion 15 assoctated with a malformation on the left side of the heat, there may be
considerable cardiac enlargement In the anterior posterior position the pulmo-
nary conus 1s promunent and the mawn branches of the pulmonary artery are
shghtly dilated (sce Figure xin-3) Somctimes there 1s enormous difatation of
the pulmonary astery and 1ts main branches, 2s shown 1n Figure wiu-5, 10 this
stance the condition had progressed so far that there was calaficabon i the
main branches of the pulmonary artery In the left anterior-oblique position the
nght ventncle usually appears to be shightly to moderately enlarged The nght
antentog-oblique posinon 15 usually best for the determination of left auncular
enlargement If the left auncle 1s enlarged, 1t 1s strong evidence that the pulmo-
nary hypertension 15 secondary to a serous abnormality of the left aurcle or the
left ventricle and that the defect 1n the auncular septum s small
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Fieure avin-~4  Pnimary * pulmonary hypertension and patency
of the ductus artenosus Adult

monic second sound 15 accentuated and usually reduplicated There may be a
long, loud carly diastolic murmur along the left sternal border due to pulmonary
sufficency

When the pulmonary hypertension 15 secondary to a malformation of the
left aunicle or the left ventricle, the heart may or may not be enlarged Further
more, there may or may not be clinical evidence of mutral stenosis In some 1
stances a presystolic murmur may be audible at the apex In other instances 2
severe malformation of the left side of the heart may produce no abnormal mur
mur or thrll A severe malformation on the left side of the heart frequently
causes the pressuren the systerme arculation to be abnormally low
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Cardiac catheserizanon will reseal ingh pressuse 1 the £t ght ventnde and n
the palmonary artery Swnce the durecuon of the flow of blood 1s through the
ductus arteniosus to the descending dorta, s frequently possible to pass the
cathctes o the descending aonta Cardiac catheterzanon, however, gues lnde
or o informatson concernng the presence or absence of 4 malformation on the
Yelt s1de of the heart

4

7

giocardsography 1s Jess dangy 1n this combwauon of anomalies than
when the ductus artenosus 1s cosed, as the ductus arieriosus acts s AN escape
sabve and thus presents the accumulavon of dye 1 the Jungs, furthermore, the
brain 15 supphed wsth fully oxy genated blood

Angocardiography will reveal that the descending aorta fills smultaneously
with the pulmonary artery In paticnts with mutral stenosss or marhed hypo-
plasta of the mateal valve, the dye will hinger for 2 Yong ume wn the et snde,
theleftventnicle and ascending aorta may neserbe visuahzed

dartography may be helpful i the deternunation of the size of the ascending
aorta and the exclusion of a coarctation of the aorta In order to abtan a satisfac
wory aortogram, the dye must be snjected tnto an astery on the same side of the
body a5 that toward which the aorta arches that 35, with a normal left aottic
arch the teat should be performed through the left brachial anery If the dye
ssinjected on the opposite stde to that of the descending aorta, the inereased pres-
fuce d from the pul y artery to the descending aoeta will lessen
the flow of Blood from the ascending aorta to the descending aotta, consequently
the dye may pass only up the caroud artenes to the head Thus 1s especaally prone
to oeeur of the feft hand s cyanone Under such arcumstances the ortogram

nay simalae that of a complete mterruption of the aoruc arch cven though 1n
reality the arch 15 tact

When aortography s properly performed, 1t 15 of great dwgnostic asd The
arch of the aorta and the ductus arterrasus may both be visuakized The contrast
media estess the ducts and defincates 1t but, own g ta the hugh pressuse in the
pulmonary artery, no dye enters the fungs This finding 15 10 stahing contrast
ta the simultancous visuatization of the aorta and the pulmonary artenes 1 an
wiant wih 2 large ductus astertosus and pulmonary hypertension when ty
predonunant shunt s from the aorta to the fungs (see Chapter xx) ¢
DIAGNOSIs

. :lhhc dx;gnom may be made at sight when the lefs hand 35 cyanote and the
) ie “anxs of normal calos ‘The dragnosss can also be made at sght when thy
an the upper extremities are of normal color and the feet age tyanote ¢
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7 .

;o Fioure \vin-6 Primary pulmonary hy

pertension and patency of the ductus
arteriosus

Tlnoroscopy frequently reveals pulsations 1n the man pulmonary artery but,
owing to the fact that the ductus arteriosus acts as an escape valve, these pulsa
tions are generally mimmal and do not extend 1nto the small branches of the
pulmonary artery The periphery of the lungs 15 usually abnormally clear

ELECTROCARDIOGRAPHIC FINDINGS

The standard leads show a right axis deviation and the unipolar precordial
leads show evidence of marhed right ventncular hypertrophy (sec Figure
xvir-6) Inasmuch as the patency of the ductus arteriosus relieves the stratn on
the right ventricle, the evidence of nght ventricular hypertraphy 1s frequenty
not as marhed as when primary pulmonary hypertenston occurs as an ssolated
malformation Indeed, the author has seen one patient 1n whom the leston on
the left side of the heart was such as to gve a left axis deviation, but even mn that
stance the precordial leads showed evidence of right ventricular hypertrophy

SPECJAL TESTS

A difference in the oxygen saturation of arterial blood between the right
brachal artery and the femoral artery 1s charactenstic of this malformaton, be
cause the head and the upper extremities recerve fully oxygenated blood from
the ascending aorta and the femoral artery recenes some venous blood which 15
directed through the ductus artenosus to the descending aorta In order to be
certain that the difference between the nght brachial artery and the femoral
artery 1s ssgmficant, the two blood samples must be drawn simultaneously Itss,
of course, unfortunate but inevitable that the sample of blood from the femoral
artery will approximate that of normal venous blaod If, however, a sample of
venous blood 15 drawn, the oxygen content of the venous blood will be even
lower than that of the femoral artersal blood Furthermore, the pressure in the
femoral artery 1s always higher than that in the femoral vern

Addiional studies are usually necessary to determune whether the pulmonary
hypertenston 1s primary or secondary, that 15, whether the principal difficulty
occurs 1 the lungs or 1n the heart Such knowledge 15 obviously essennal as a

guide to therapy
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ondary to the large ductus artenosus ot whether the patency of the ductus
arteniosus s secondaty to the pulmonary hypestension
Pulmonary hypestension secondary to the increased circulation to the lungs
ssthe rule 1n mfants with a large ductus artenosus Such nfants show great car
diac enlargement, a systohc and a mud-diastolic murmur over the precordium,
enfargement of the left auncle, mereased vascutar shadows, and electrocand
ographuc evidence of ‘combined hypertrophy
1a contrast ta these findings, when the pulmonary hypertension 15 pnmary
and the ductus artenosus has remained patent, the patient shaws cyanosis of the
lower extremynes, the heart ss usually of normal size, there may or may not be
asystolic murmur, the pabmonary vasculanty 1 reduced, and the clectracardios
gram shows evidence of nght ventnicular hypertrophy
An aortogram sharply differenuates the two conditions When the pulmo-
nary by pertension 15 secondaty to the flow of blood through the ductus arterso-
sus, dye 1 seen 1n the lungs as the aarta 1s visuahzed, whereas when the pulmo-
nary hypertension 1s primary, although the ductus arteriosus may be opaaified,
nodye enters the lungs
Cardiac catheterrzation will a1d 1n the differentiation of the two conditions
When the puimonary hypertension 15 secondary to a large ductus, 1t 1s the large
left to-nght shunt whach causes the hypertension, under such arcurastances
there 152 marked wncrease 1n the oxygen content of the blood 1n the pulmonary
artery On the other hand, when the pulmonary hypertension 1s primary, the
shunt 15 from night todeft, there 15 Ltle or no evidence of a left to-nght shunt,
and no increase in the oxygen cantent of the bload wn the pulmonary astery '
Thus the extreme of the one 15 readilly differentiated from the extreme of the
other In early wnfancy the two conditions are usually readily differentiated In
older patients there may be real difficulry 1 the differentation of ulmonas
hypertension combined with persistent patency of the ducrus nncno}:us [ro‘:nz
}::)cm ductus artenosus which causes pulmonary hypertension (sec Chapter
i the flow of blood from the pulmon:
cause cyanosss of the lower extr
difrence m t oxggon sam:a:::‘:{] :;::;;xzn xiltllx;rc ;s 3 dearly detectable
femoral artertes the pulmunaryhypmms,m has pro 0; (lin the brachual and
it, not the ductus arteriosus, 1s the prumary d,ﬁiadp lg]r ds <d to the pownt where
unfess the pressure in the pulmon. Yy Under such arcu

mstances,
ary attery can 4
tus arteniosus 1s usually contraindscated 1 eanbe rebeved, hgaton of the dye

Ty anery to the aorta 1s sufficient ta

Co:
mplese transposition of the great vessels combined with
a patency of the
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Sometumes the history of a shght cardiac disabihity throughout Iife, com
bined with the finding of a loud drastolic murmur, will direct attention to the
possibility of pulmonary hypertension and will lead to carcful examnaton of
the color of the iight hand and of the feet

The determinaton of the oxygen saturation of the arterial blood samples
drawn simultancously from the right arm and from either of the femaral ar
teries chinches the diagnosis

Unless there 1s frank evidence of mtral stenosis or evidence of left auncular
enlargement, further studies are usually necessary to determine whether the pul
monary hypertenston 1s primary or secondary to a severe malformation on the
left side of the heart

DIFFERENTIAL DIAGhNOSIS

Thus condition requires differentiation from ‘primary” pulmonary hyperten
sion (see Section A) and also from other conditions which cause a difference in
cyanosts between the upper and the lower extremties, such as coarctation of the
aorta with the ductus arteriosus opening below the constriction, patency of the
ductus arteriosus assocated with pulmonary hypertension, complete transpost
tion of the great vessels, and complete interruption of the isthmus of the aorta
when the descending aorta 1s continuous wath the pulmonary artery through the
ductus arteriosus

Coarctation of the aorta with the ducius arteriosus opemng below the con
striction theoreucally would give the same clinical preture as a pulmonary by
pertenston with a persistent patency of the ductus arteriosus An infant with a
coarctation of the aorta frequently develops severe nght sided cardiac fadure,
furthermore, as the ductus periodacally clamps down, no pulse 15 palpable in the
femoral artery Aortography performed through the left subclavian artery will
readily show whethet or not there 1s a coarctation of the aorta

¥f there 15 cyanosss of the left hand, 1t 15 clear evidence that there 1s reflux of
blood from the pulmonary artery nto the left subclavian artery, hence there
cannot be a constriction of the aorta between the left subclavian artery and the
pont of entrance of the ductus arteriosus

Occastonally a large patent ductus artertosus presses upon and constricts the
aorta and thus causes a functional coarctation of the aorta An aortogram usually
reveals the true nature of the difficulty

A large paent ductus arteriosns as ted with pul; y hypert pri
sents 2 dagnostic problem which 1s both extremely difficult and umportant A

most thvartably the question anses whether the pulmonary hypertension 1s sec
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Caarctation of the aorta can be torrected by surgery In young wlants wha
<uffer from severe carduac fasture, 1t 55, however, uspally preferable 1o close the
Soctus and at a later date to correce the caarctation (see Chapter xXvir)

1 the pudmonary hypertension ts secondary (o seere tuitral stenoss, carly
relicfof the sutral stenosss may be of benefit When the mitral stenoss 15 duc 10
sheumatc fever, operation 1 xelaun ely sunple, but hen the mutral stenosts 18
rongenital, the problem 15 much more difficuls (sce Chapter xa) Al o fre
quently the mutral valve and the Ieft auncie may be so grossly abnormal that it
1s impassible toamprove the circulation Dr Clitford Parsons’ has reported one
successful opesation on & congenttal mutral valie, butn this case the operanon
did not alter the pulmonary pressure

Completc mterruption of the wsthmus of the aorta offers a challenge to the
surgeon t reunite the proximal and dustal ends of the aorta, ether duwectly of
by praft, and then to divide the ductus arenosus Unfortunately, however, the
candition 1s weually associated with additsonal cardtac sbnormaliues which must
also be cotrected 1n order 10 help the wfant

PROGNOSIS

The prognosis vanes with the etiology and the seventy of the pulmonary hy
pertension By and large the prognosis 1 better when ‘primary” pulmonary
hypertensian 15 combined with patency of the ductus asteriosus than when the
ductus undergoes normal cbhiteration ‘This 13 an addmonal reason for the
author s great hesitancy 1 recommending surgacal closure of the ductus unless
the ductus arteriosus 1s clearly the cause of the hypertension The author has
known several women wn their early twenties who were anly shightly meapaar
tated by this condston, one woman has married and has had ane normal preg
nancy without great cardaac difficulty Thus, although the condition 15 extremely
serious, st may be compatible with hife for a number of sears

SUMMARY

Pulmonary hypertension combined with persistent patency of the ductus
artersosus produces a distinetsve chinical syndrome

The pulmonary hypertession may be paimaty or may be secondary 1o 2
sevese malformation on the left side of the heart In exther case, owang to )
bugh pressure in the tungs, " e o

blood flaws §
dutrus artertosus 1o the des rom the pulmonary arter ¥ thraugh the
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ductus artenosus may be confused with the malformation under discussion be
cause of the difference 1n cyanosis between the upper and the lower extremuties
The difference in cyanosis in a complete transposition of the great vessels 1s the
reverse of that which occurs m primary pulmonary hypestension and persistent
patency of the ductus arteriosus thag 15, the head and the upper extremues are
more cyanotic than are the trunk and the lower extremiuies Moreover, when
there 15 a complete transposition of the great vessels, mnasmuch as the pressure
1n the aorta 1s normal and that 1n the pulmonary artery 1s so hugh that blood
flows from the pulmonary artery 1nto the descending aorta, the line of demarca
tion of the cyanosis hies at the brim of the pelvis In contrast to this, when the
pressure 1n the systemic circulation 1s so low that the systemic pressure 15 man
taned by the flow of blood from the pulmonary artery through the ductus
arterosus to the aorta, the line of demarcation of the cyanosis lies hugh up on
the shoulder girdle

Complete wterruption of the isthmus of the aorta may also be confused
with this malformation An aortogram, properly tahen, should enable the physt
aan to makhe the correct diagnosis

TREATMENT

'The treatment cbviously depends upon the cause of the pulmonary hyperten
sion

If the hypertension 1s secondary to a left suded cardiac leston, attention should
be directed to the correction of the cardiac anomaly

The crucial question 15 whether the pulmonary hypertension 15 secondary to
the patency of the ductus artenosus or the pulmonary hypertension 1s prumary
and the ductus arteriosus acts as an escape valve to relieve the hugh pressure :n
the lungs

The differentiation of these two condittons 1s extremely important becausc,
\f the ductus arterosus 1s the cause of the pulmonary hypertension, higation of
the ductus restores the heart and arculation to normal (see Chapter ),
whereas, 1f the pulmonary hypertension 1s primary, ligation of the ductus ar
teriostis usually causes great dilatation of the night side of the heart and may
lead to cessation of heart action Even in mstances in which the pauent survives
the closure of the ductus, the benefit denved therefrom 1s doubtful Indeed,
closure of the ductus arteriosus may ulamately do harm because 1t closes the
< valve Itss for these reasons that the author 1s strongly opposed to closure

esca
. th severe pulmonary hypertension unless

of the ductus arteriosus 1n a patient wi
the pulmonary pressure can be reduced
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the upper extremutics are of normal color and the trunk and the lower extrems
tes are cyanotic The distribution of the cyanosis permts diagnosss at sight

The cardnac findings vary wth the ctiology of the hypertension If the pul
monary hypertension 1s primary, the heart 15 usually relatively small The sec
ond sound over the pulmonary area 15 accentuated and frequently there 1s a loud
drastolic murmur audible along the left sternal border

X ray and fluoroscopy show that the heart 1s not greatly enlarged, there may
be 2 mimmal htar dance The persphery of the lungs 1s abnormally clear If the
pulmonary hypertension 1s secondary to a malformation of the left aunicle or
the left ventricle, x ray and fluoroscopy may reveal evidence of left auricular
enlargement

The electrocardiogram usually shows night axis deviation and evidence of
nght ventricular hypertrophy

The determination of the oxygen saturation of samples of artersal blood
tahen simultancously from the nght brachial artery and ether femoral artery
will clinch the diagnosis

Although diagnosis may be made at sight, special studies are usually neces-
sary to determine the nature of the pulmonary hypertension

Angrocardiography 1s of greater aid than cardiac catheterization It demon
strates the flow of blood from the pulmonary artery to the descending aorta and
1t also gives some 1nformation concermng the left side of the heart

The condition requires differentiation from coarctation of the aorta com
bined with patency of the ductus arteriosus, from simple patency of a large
ductus artertosus in which there 1s pulmonary hypertension, and also from com
plete interruption of the 1sthmus of the aorta i which the descending aorta 15
continuous with the pulmonary artery through the ductus arteriosus

The treatment varies with the etiology

Prognosts 1s guarded but the condition may be compatible with lfe for a
number of years
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MATLRE OF THE ALALFORMATION

The essential feature of the malformation concerns the anomaly of the tnt
cuspid vale and of the upper postion of the wall of the nght \cmnclc. One or
snore leaflets of the tricuspid salve are fused with the ventricular endocardium
over harge areas Consequently it 15 often difficult to sdenufy the individual leaf
fets with certmnty The antenior leaflet 15 the least mnsolved, mdeed, 3t 15 often
normal “The mediat or septal Jeaflet may or may not be normal Frequently it1s
sealed to the septal wall and 1n some 1nstances 1t 15 entisely absent The postenor
Leafket 15 usually the most malformed and 18 displaced down toward the apex of
the nghtrentricle In most instances the upper portions of the teaflet arc blended
with the endocardsum of the right ventrcle and the distal marguns of the + ahve
which are free become fused together ta form a bashet network deep wathen the
nghtventncle Consequently there1s no valve at the normal tncuspid onfice but
a2 new valve 1s formed by the bashet networh Sometmes this new valve has a
normal onfice which opens into the lower portion of the nght ventricle In other
instances there 1s no true onfice and the blood passes through the interstices of
the bashet nerwork 1nto the outflow tract of the nght ventncle In ether event
thenew vabve which 1s formed deep withn the night ventricle divides this cham
ber mto two parts That portion of the nght ventricle which lies abave the valve
becornes incorpasated 1nto the nght aurnicle and only that portion of the nght
ventncle which hes below the valve 1 of functional importance 1n the expulsion
of blood to the lungs

The extent to which the tricuspid valve 13 plastered aganst the nght veatncle
and the position of the new valve vary from case to case In some 1nstances the
';xbnurma\ny 15 relatively shight and the postuon of the new valve s such that the
;‘“ er chamber 15 the larger of the two cavities Such 15 the anomaly shown in

gure xx-1 In other wstances virtually the enure tricuspid valve 1s plastered
:gm‘x‘\st the endocardium of the nght ventricle and the niew valve extends nearly
tothe apex of the nght ventrcle Under such arcumstances the lower chamber,
which s the outflow tract of the nghtventacle, :
Er;’:g:;sd::—‘z and 3 Nevertheless, the tricuspid valve may be abnormally

g ventricular systole may balloon upward into the n, ht aunch

thuy increasing the size of the lower chamber Thys chamber s, 1 s e
too small to recene all the blood which has been returned (c: :}? wever, usually
and ta pump the blood through the pulmonary artery to the [un, © ngh aurcle

d
Engle and her a souiates® have ponted out that the cxtr:mf thinness of th
O c

1sabnormally small, as lustrated



CHAPTER XIX
EBSTEIN'S ANOMALY

CONGENITAL DOWNWARD DISPLACEMENT OF
THE TRICUSPID VALVE

N 1866 Ebstein® first reported the malformation which now bears hus name
The anomaly consists of a congenital downward displacement of the tricus-
pid valve 1nto the nght ventricle The tricuspid valve 15 distorted m such a
manner that one or more of 1ts leaflets become plastered aganst the wall of the
nght ventrcle, consequently there 1s no valve at the annulus fibrosus which sep-
arates the night auricle from the night ventncle For this reason Ebstein described
the abnormality as a severe degree of congental msufficiency of the tucuspd
valve Actually in most instances a new valve 15 formed deep withimn the right
ventricle, usually this valve 1s functionally sufficient The nght ventricular wall
above the anomalous valve 1s extremely thin The anomaly has been reviewed
by Yater and Shapiro” and the climcal syndrome has been clanfied by Engle et
al ® and by Schiebler et al *

EMBRYOLOGY
A brief review of the early embryology of the musculature of the heart will
ard 1n understanding the nature of the malformation Strecter® has shown that
the myocardwm arises from a specialized portion of the visceral celomic wall
and 1s separated from the endocardium of the primutve heart by the myoende-
cardial space which 1s filled with a homogenous transparent matenal hnown as
the cardac jeily” As the myocardium develops, this jelly gradually disappears,
except at strategic sites, where 1t perssts to form the so-called endocardial cush
10ns which are the precursors of the valves Thus, as Engle et al * have postulated,
‘any defect 1n the visceral celomuc wall i the region where the nght ventrcle
15 to develop could not only cause defectise development of the night ventncular
myocardium but also by distortion of the position of the persisting primitie
myoendocardial space could cause 2 malformation of the tricusprd valve ” Be
that as 1t may, defective development of the wall of the night ventricle above the
anomalous tricuspid valve appears to be an integral part of the malformation
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myocardiu 1 the upper portson of the nght ventricular wall which hes dwose
the new salve 15 an tntegral part of the malformation The myacardim w tha
regiea may be only tor 2 tam n thichness Locahzed wieury amal dibwition of
the night ventricular wall 1n this area has been reported by Blackhialt Mornon
and Brekke ” In each mstance the aneurysms was belicved to be due ta congenstat
weahness of the wall ‘That portion of the wall of the nght ventricle which lies
below thevalse 1s of normal thichness but the lower caty 1s abuormally small,
the sentncular septum 1s tntact

In addinion to the mafformauon of che trcuspid salve, there 15 frcqucndy
some abnormality esther of the eustachian vabves or of the thebestan valves
Such anomaltes are, however, only of acadermuc interest
The foramen avale may or may not be patent Although 1n some instances
the foramen ovale closes in the normal manner and becomes completely sealed,
W remas anatonucatly and funcnonally patent 1n two-thurds of the patients
with this malformanion I the valse corenng the foramen ovale 1s nor com
pletely seaed, the fugh pressure 1 the nght aurcle wil force the valye 10 open
Indeed, the wmcreased pressure 1 the nght auncle caused by the misplaced try

ovale remanns patent it acts 35 an escape salve for the f
ausxcle ‘Therehy g became;
1sestablished

gh pressure 1 the nghe
s of functional importance and 2 night toeft shune

COURSE op THE CIRCULATION

The covrse of the arculauon depends upon whether or piot
ﬂlrc f;ramm ovale becomes completely sealed So lop
clased and 1 aff ingeances n which the foramen cyale b

e becomes comp),
sealed the carculation of the blood 18 norm; e

al Under such cIrcumstances ¢
104
blood from ¢he right auncle flows into he aght sentncle and 15 pumped out

;;xtmhc Pulmonary artery The blood 1 the pulmonary arg ery ss directed 1o the
ngs where gt IXygenated, and s returned 1 ghe aormal fashion by the puf

the \ahtco\crmg
g as the foramen o gle 4

PEEIOF vena cava and 1he mnfenor

sides of the heart,
d no dubbmg
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Diagzart nix-1

Ebstesn s anomaly of the tricuspid valve

The essennal feature of this malformaton 15 a congenital downward displacement of
the meuspid valse 1nto the nght ventnicle. Consequentdy the tricuspid valve bsects
the nght ventncle and part of the nght ventricle 15 incorporated into the nght aunde,
the vals e atself 13 usually competent.

When the foramen ovale 15 completely closed, the blood from the nght auncle
Bows mta the tight veptncle and 35 pumped out through the pulmonary anery to the
tungs where 1t 15 oxygenated The oxygenated blood 15 returned by the pulmonary
veips to the left auncle Thence it flows to the left ventnicle and 1s pumped out by way
of the aarta o the systemuc cizeulation It s retuened in the normal fashion by the su
penor and infenor venac cavac to the nght auncle. There the cydle starts agan

Cliatcal drzgnosis The chimeal findings vary with the sevenity of the abnormality
of the tncuspid valve 1f the duisplacement of the tncuspid valve ss shight symptoms arc
myumal Weakness and fangue are the outstanding complaints If there 13 grear dis-
placement of the tricuspid valve the malformanen leads 1o great cardiac enfargement
The beart sounds are weah Murmurs are varmble there may be a systolic murraue
only of there may be a to-and fro murmur over the precordium Cardiae arrhythnas
atc common The electrocardiogram usually shows low voltage complexes of lony
duration 1n Vi and V and normal deflection over the eft precordium. The hver \,f
comes engorped but does nor pulsate Trcuspid sasuffiaency 1s a fate manifestation

Termmnally there may also be edema of the extrerties Sudden death 15 not uncom
mon
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CLINICAL FINDINGS

The cineal todings vary with the sewernty of the Woomality and the e
tent of the displacement of the rcuspid Vahe 1€ die vahvader normlity ts
shight, the syraptams age aunnal or absent and the condion i compatble wath
anacine hfe The greater the dusplacement of the trcusprd vabve wita the sighe
sentncle, the more wefficreat 15 the acton of the nght s:de of the beart and the
carhier and the more sevtzeare the symptoms

Fateguess more promunent than dysprea Even though the patient may shaw
persistent cyaposss and tre eastly, there 1s ladde dysprca The dnld 1 exbansted
and rests but be 1s nat short of beeath He does not squat when twed

Palp 152 fant, owtag to the frequincy of cardac ar
shythmuas Many patteats suffer from numetous extras)stoles or repeated attachs
of patarysmal tachyeardsa For this reason, n & person wath an otherwase narmal
beatt the pessistence of a cardac archythua over a period of years should sug
gest the possibibity of Ebstesn s anomaly

The presence or abience of eyanoss deprinds vpon the structure of the fora
men ovale I, as previously menvioned, the valve covenmng the feramen ovale
remans patent the valve wil be forced open by the ancreased pressure 1t the
nght apndle and a nghttoleft shunt will be established When a sufficent
amountﬁi ;cdn;ccd hemoglobin 15 shunted to the systemic cteculation, the pa
aenr witl deve!

e e gt e o s o e o
though cyanoss may date from tnfancy, the develo :xc f’(’"‘é’" ot chaoas Al
woand fise years of age 1s the rale rm\c:: than Prine of chnons besseen
the exception
Polycythemea desclops after cyanouts mahes s appeatance The red blood
cell count, the amount of avadable hemogichin, and the he
gradually serease asthe oxy Een unsaturation of di ot reading
e arternal blood increases

The hver 15 entarged and con)
pested and frequently may extend
t
Wheus The force of the heart acuon 1s how &, g o the um
s

100 weah and the ajy
ermatios
of the suncular and ventreular contractions which aceur 1n the qursch ‘z
C
aunculanized postion of the night ventricle are 100 meffeciyre 1o cai -
at the margin of the hver s pubiaons

CARDIAC FINTIUNGS

The heart may or
A ml - '2“)‘ notbe enlarged In the gl 3386 the v he aureel
the expense of the nght veminncle €, bt vl
all s1ze of the heart 1 normal ansequemly the over
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If the tricuspid valve 1s markedly displaced into the night ventrrcle, the nght
auricle becomes a huge, meffective chamber Since the nght ventricle 1s not suff
cently large to recenv e all the blood from the nght auricle, there 1s great dilataton
of the right auricle and the pressure 1n that chamber gradually nses When the
pressure 1n the night auricle exceeds that 1n the left auricle, if the valve covermg
the foramen ovale 1s not completcly sealed, 1t will be forced open and a nght to-
left shunt will be established As soon as the volume of reduced hemoglobin so
shunted to the systemic circulation becomes sufficiently great, the patient devel
ops cyanosis The course of the arculation 1s shown 1n Diagram xr—2

1 HYSIOLOGY OF THE MALFORMATION

The altered structure of the heart mamnly affects the manner 1 which the
heart functions The abnormal position of the tricuspid valve renders it difficult
for the night aunicle to expel its blood 1nto the functional portion of the night
ventricle Although normally the auricles contract before the ventricles, m Eb-
stein’s anomaly the right aunicle does not contract 1n the normal manner be
cause part of the night ventricle lies above the tricuspid valve Consequently the
upper or genuine auricular portion of the night auricle contracts before 1ts lower
portion, which 1s composed of ventricular muscle ‘Thus with each aurtcular con
tractton, the blood 1n the upper part of the auricle 1s directed through the trt
cuspid valve to the lower chamber, but with each ventricular contraction, when
the tricusprd valve 15 closed the blood 1n the lower part of the auricle cannot be
directed 1nto the functionng part of the nght ventricle and 15 merely pushed
back mto the upper portion of the auricle ‘This mechanism causes the right aun
cle to be extremely mneflective 1n directing blood to the functroning portion of
the right ventricle Thus, with each heart beat, the lower part of the right ven
tricle recerves less than s normal quota of blood It follows that with cach
sentricular systole only a small quannty of blood 1s pumped out 1nto the pul
monary artery ‘The pressure 1n the night ventricle 1, however, normal and the
pressure 1n the pulmonary artery 15 also normal It 1s the abnormal positton of
the tricusprd valve which causes the right side of the heart to be extremely neff
ctent The condition leads to progressive dilatation and hypertrophy of the right
auricle and the right ventucle The dilatation 1s far greater than the hyper
trophy, the right side of the heart becomes enormously enlarged and the pres
sure i the right auricle gradually nises As previously stated, the valve covering
the foramen ovale may be forced open and a nght to left shunt thereby estab

lished
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Dracrart arx-2

Ebstem 5 anomaly of the sncuspid valve and patency
of the foramen ovale

The essentral fearure of thay malf; 1s 2 congemutad downward dusp) of
the mcuspid vahve into the night ventricle, The resuft 16 that the tacuspid valse baseces
the right ventoele and part of the nght ventricle 1 1ncorporated anto the ¢ gkt auncle,
Thetncuspid valve s usually coRppetent.

The abaormal posion of the tacuspid valve causes she raght aunle to be greatly
ealarged aod the smaller lower poruon of ihe nght veatricle 15 the only part of that

As the pressure 1 the tight auncle nses, if the valve which covers the foramen
osale sy not completely sealed, 1y will be farced open by the hegh pressuce in the nght
auticle and a nght to-left shune will be established

Some blood from the nght aunde Rows o the feft auncle and the remander of
the blood 10 the nght aundle flows 110 the lower part of the nght ventncle and 15
pumped slowly to the fungs where it 15 oxygenated The oxygenated blood 35 rewurned
1 the sormal fashion 1o the left aundle, where 3 meets the blood which has been
shunted from the wight aunicle 1nto that ehamber This muxuce of oxygenated and
venaus blood flows 1nto the left ventricle and 15 putped auc through the agrrg to the
Sysemic curculanan and returned by the SUPENior vena cava and the mfesyor vena caya
tothe nght auncle, There the cycle starts agawn

Chiseal diagnosts The greater the displacement of the ¢
s the heart and the more probable 1t s thag Cyanpsis 35 p":lcnlsg;%: J;;:m‘hﬂ o!;rxgl: .
foramen ovale acts as ag escape valve for the tugh pressure 1n the nghe :\\mi!yc b .
also diverts the blood from the Jungs and reg o

uces the pulrmo; b
lungs are excepuonally clear Weakness ang J? P nacy blood fow Heace
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sterrum, consequendy there may be nothing charactensue in the size o shape
of the heart, as ilfustrated 1n Fagure xin-4

Erentually (as shown i Figures xex-5 and 6) the heart may be enormously
catarged both to the right and to the left The nght auncle and the night ven
tncle may be so huge thar they enturely obscure the left auncle and the feft yen
trnle Even though the pulmonary arteries are of normeal size, they are lndden
behind the tremendous heast Because of the difficulty i the direction of the
blood to the lungs, the Jungs appear abnormally clear The nfar shadows are
soipimal and do not show expansie pulsavons Whenever the foramen ovale 1
nat completely sealed and the bload 1s shunted from the nght auncle to the feft
auncle, the pulmonary blood flow s reduced Under such orcumstances the
lungs may appear so dear that the diagnosis of pulmenary stenosts may be
erroncously entertatned

Viewed m the Jeft antenorohhque poston the heart may be flattened
aganst the antenior chest wall for several inches, as shown Fugure xi¢-5, and
even when the pabient 1s rotated at an angle of 6o degrees the left ventricle may

Ficure sx-q  Ebsteiy s anomalh
PP oraun o by with relauvely shighe displacement of g

002510 Figure xix-1) Young aduly
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The malformation leads to progressive cardiac enlargement The sate of
cardrac enlargement varies with the sevenity of the abnormality of the tricuspid
valve and the relative size of the two portions of the right ventridle The meor
poration of the upper porton of the right ventricle into the sight aunicular cham
ber increases the size of this chamber but decreases the size of the functionat por
tion of the nght ventricle Furthermore, although the upper part of the nght
ventricle becomes incorporated into the right auricle, 1t does not contract simul
tancously with the night auricle Thus first one part of the chamber contracts and
then the other Only the upper portion of the night auricle contracts with auncu
lar systole, the lower portion, which 1s composed of the “auricularized* part of
the right ventricle, contracts with ventricular systole Furthermore, 1t 15 only
with auricular systole that the blood flows through the tricuspid salve into the
funcuoning portion of the nght ventnicle ‘The trcuspid valve closes with ven
tescular systole Consequently the contraction of the Jower part of the mght
auricle, which occurs with ventricular systole, cannot direct the blood to the
tower chamber Thus the action of the nght auricle 1s extremely nefficient, the
anomaly leads to enormous dilatation of the night auricle and the aunculanzed
portion of the night ventricle The cardiac enlargement extends both to the nght
and to the left of the sternum and eventually the heart occupies most of the
thoracic cavity

The heart sounds are weah and of poor quality There 1s often a gallop
thythm AMurmars ate varable A syszolic murmur ss the rule There may bea
duastolic murmur, and not infrequently there 1s a 20 and fro murmur which
may simulate a pericardial friction rub Indeed, 1t 1s the persistence of such a
murmur over a long pertod of time, and 1ts occurrence 1n the absence of other
signs or symptoms of mnfection, which help to differentiate this murmur froma
true pericardial fricuon rub

Cardiac falure develops msidiously and may become severe It s mamly
nght sided heart farlure with engorgement of the hner and edema of the e
tremities Although tricuspid msufficrency has been considered so common 12
Ebstein’s anomaly as to be almost synonymous with 1t, actually, except as a tes
mmal event, its occurrence 1s rare

Y RAY AND FLUOROSCOPIC FINDINGS

In the early stages, or when the displacement of the tricuspsd salve 15 slight,
x ray and flusroscopic findings may be normal The poruon of the sight w(;:mlﬂ
cle which becomes incorporated 1nto the nght auncle 1s hidden behund the
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Frure 26 Ebstein s anomaly with etreme displacernent of the tncuspid
valve (same patient as :n Figure xix~3) Young child

overlap the spine Under such circumstances the enlargement seen postensorly 15
fot due to 2 huge left sentricle but 15 caused by the bachward displacement of
the left ventracle by the huge nghtauncle and the 1y ght ventricle

Viewed 1n the nghs antertor-obliq

ue position the heart appears to il the
entire chest cavity There 1s, howes ef, noev.

1dence of left auptculay enlargement
1n both the antertor posterior position and the nght antenioroblique posiuon,
the esophagram 15 normal

The great enlargement of the heart and the weak

pulsations cause the fyoro.
seopic appearance to sumulate a pericardial effusson

ELECTROCARDIOCRAPHIC FINDINGS

The clectrocardsopram, espectall
great aid 10 diagnoss Van Lingen
prolongation of both the auricular an,
are usually notched and of such lo
Evidence of an intraventricylar conduction disturhan,
standard leads The umpolas precordral Jeads gve
deflections 1 V2 are of extemely low ampliyde

y i alder children and
and Bauersfeld?
d the ventrscular
ng duration as to

adults, may be 5
have shown thyr there 15
contracyions The P wayes
merease the PR spserva)
ce s frequenty seen in gy
the ue 1o diagnosis The
and of long durapey The
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Anterior posterior position

Left anterior-oblique position

Fioure xix-5  Ebstern’s anomaly with marhed displacement of the
tricuspid valve (same patient as 1n Figure xrx~2) Child
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whiereas that 1 the nght vestricle 15 aoceal The enormaous size of the night
urtcle renders it dufficult 10 pass the catheter mto the nght ventricle Moreaver,
catheterization may be extremely dangerous The austculartzed porion of the
right sentricle 15 so thn that there 1 danggs that the catheter may pierce the
wall In addstion, the cathetes may become entangled i the basket netwarh of
the tncuspid vahe A farther danger exsts becawse of the suscepubihity of pa
tents with Ebstein's anomaly to cardiac arthythoas In nogmal persons the
manspulation of the catheter 1n the Tegron of the tricuspid valve frequently pro-
duces asthythauas Thercfore 1t 15 not surpnsmg that 1n patiests wich this mat
formanon cardiac cathetenizabon may mtate ventneular fibnllation or some
other serious arthythmia In the presence of tremendous cardiac dlatation pro-
longed auricular paroxysmal tachycardia may be fatal [n addition, there 1s al
ways the danger of carduac arcest Therefore cardiac catheterization should not
be undertaken hightly Nevertheless, Hernandez et 21® hase shawn that wtra
cardrac electrocardiograms tahen dunng cardiac cathetenzation may be of
greatard 1 dsagnosis Normally the character of the efectrocardiogram changes
when the ventnide 1s entered In Ebsten s anomaly a sentrrcudar type clectro-
cardiogram may be obtamned while the pressure curves mmducate that the catheter
15 sttt 1n the auncle

Angiocardiagraphy reveals prompt fitting of the enormaus right auncle and
of the aunculanzed postion of the nght ventncle, subsequently, as the lower
partan of the nght ventnicle 1s fiffed, an even larger area becomes opacified (see
Frgure xon-8) It1s usually possible to see that the dye extends niearly to the mar
g of the cardiac sthouette, thus demonstratng the thinness of the nght ven
tncalar walf “The dye hngers for along ime in the 1y ght auricle and only a smalf
amount of blaod and of contrast maternal 1s ejected into the Yungs with each v
tricular systole Consequently the Jung fields are never well isualized The a Ny
may or may not be delmeated It 1s neser filled unnl after the feft aunci Ol:m
Km vnsualbxz:fd When there 1s a nght toeft shunt throy iy

ere may be faint early visuahizauan of

aarta The conccmmu};n of the dye 1n tt;l: l:o(:t:“:c‘l?!:): ;:itn\x: ‘-“:‘;\E; :n;l :e
dye disappears from the aorta whate 1t suff lingersin the nght ede o%lhac h::m 2

g7 the foramen ovale,

DIAGNOSIS

Accurate diaghiosis may be difficult, C
anosys
frequemly becomes manufest when the payucm 15 ‘::L:i: :Zoﬂﬁdb;pu&m, p
age Fatgue, not dyspnea, fimuts the child s activity The great nght‘cjcsrs of
sided car
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1 n n AR wL avp Fwurexixs  Dhbstens anomaly of the

ricuspid valve (standardized at 1 em 1
millivolt) (same pauent as 1n Figure
xi-2) Child
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same may be true 1 Vz and occasionally even m Vs The deflections over the
left precordium are, howeser, normal Figure \in— shows the charactenstc
electrocardiographic changes When present, such findings offer strong con
firmatory evidence It 1s, however, worthy of note that the author hnows of two
young mfants with Ebstein s anomaly whose electrocardiograms were entirely
normal

In one wstance the displacement of the tricuspid valve was so extreme that
the nfant lived but three days, nevertheless, the umpolar precordsal leads all
showed entirely normal voltage

Yater and Shapiro® have reported a case 1n which from time to time there
were changes 1n the shape of the ventncular complexes They beliesed that
these changes were due to the variability 1n the course of the exatation waie
assoctated with the anomalous structure of the right ventricle

SPECIAL TESTS

The cirenlation fime 15 usually prolonged Because of the difficulty 1n the
expulsion of blood from the right auricle and the night ventricle, the circulation
ume may be exceptionally long Even if the foramen ovale 1s patent, only rarely
15 a sufficient amount of test matersal shunted nto the left aurcle and thence
nto the systemic circulation to give a short circulation tme

The oxygen saturation of the artersal blood varies with the volume of the
night to-left shunt If the foramen ovale 15 sealed, the oxygen saturatton of the
arterial blood 15 normal If the foramen ovale 1s widely patent, a considerable
amount of reduced hemoglobin will be shunted into the systemic circulation
and there will be 2 proportional reduction 1 the oxygen saturation of the ar
terial blood

Cardsac catheterization 1s of aid when both the night auricle and the nght
ventricle are catheterized The pressure 1n the nght auricle 1s usually ncreased,



XIn EBSTEIN'S ANOMALY OF TRICUSPID VALVE 85

enlargement, the poor quabity of the heart sounds, the blursed and confused
turs, the presence of 2 toand fro murmur, and the occurrence of severe
ac faslure wich engargement of the hiner but without pulsations at s mar-
mggest the diagnoss If the elevtracardiogram shows law voltage in Vi and
ual deflections 1 Vs and Vs, the diagnons can be made with relatise cer
y The dragniosss 15 substantuated by the finding of a long arculation ume
by angtocardiographic evidence of a huge nght auncle 1 which the dye
ers for 2 fong penod Cardiac cathetenzaton, af successful, shows an cle
d pressure n the night auncle and a normal pressure 1 the nght ventnicle
the intracardiac electrocardiogram shows a ventncular type curve 1 the
er part of the aunicle

ERENTIAL DIAGNOSIS

In the absence of cyanass Ebstemns anomaly must be differentiated from
te theumatac fever, pencardius, Lutembacher s syndrome, Fredler s myocar
5, and at tumes from persistent patency of the ductus artenosus In the pres-
< of cyanows 1t closely resembles 1solated valvular pulmonary stenosis and
y require duiferentiation from a tetralogy of Fallot,
Acute rhenmane fever may be confused with Ebstemn's anomaly when there
1 systolic murmur at the apex transmatted to the axiffa and also a to-and fro
wmur over the heart, The absence of symptoms of acute theumatic fever such
fever, jomt pans, rash, or sbdomunal pan and the finding of a normal sed
ntation rate, as well as the chinical course, help ta diffesentate the two con
1ons

Perscardstss and pericardial effusion tnay be cansidered because of the 1o-and
>murmur and the enormons size of the heagt. The long hustory of easy fau
isty, the absence of other ugns or symptoms of theumatic fever or mbcy 1 5
d the knowledge that the condition dates from mfancy or ear} d; ;:;k:m’
chooffers a clue to the correct diagnosis ¥ childhood

Lutembacher s syndrome that 15,

an auncular septal
rtral stenosis may also be considered ot defec conbncd vt

Patency of the foramen avale in Ebstein’s
thonaxy blood flaw The tremendous dify
€ consprcuous hlar dance so characternstic
; ceurn Ebstein’s anomaly
Faedler s myocardins may be difficult oo differentrate Erom Bbs

L tein's

o ,;ldxx::dt);carfdms n;urmurs are absent and 5 pencardial fncu:nn 0‘“;1)'
onic torm of mterstinal m, o

s In e yocarditss, exacerbations and remussiong
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