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Foreword

ALTHOUGH NUMEROUS PAPLRS ON
SEXUAL PRECOCITY HAVE APPEARED
1 the hiterature most of these consist of reports on only
one or several cases In many instances modern methods
of endocrinologic study were not made Dr Jolly has per
formed a valuable service 1n collecting and studying n
tensively 69 patients with this disorder throughout England
His monograph presents a wealth of factual data of im
portance to the endocninologist and the student mterested
in the subject It fulfills a real need by shedding additional
light on the relauve frequency of different types of sexual
precocity and on the methods of differential diagnosis In
addition the psychologic aspects of the disorder are given
careful consideration
LawsoN WiLkins M D
Associate Professor of Pediatrics
The Johns Hophins Unnersity
School of Medicine
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ONE ;

Introduction

FROM THE VERY LARLILST DAYS OF
MEDICINE INSTANCTS OF SFXUAL PRE

cocsty have aftracted the wnterest of doctors, 1nd the first on
record 1s that of Maadeslo {quoted by Lenz 1913} who

TR 1638 reporied a girl whose menstruation had commenced
at three years of age and who gave burth to a son when six
years old Possibly the best hnown of these older examples
ts that of Anna Mummenthaler first reported by Albrecht
Hafler 1 1751 (quoted by Ahlfeld 1898) In this girl
menstruanion first occurred at two years she expertenced a
stilfbicth at nine the menopause. at 52 and died at 75 years
of age

In 1902 Wihams was able to coliect from the hterature

of the 19th century, 105 cxamples of precocious sexuat de
wvilopment but interesting as are these older records from
ap ustorical pomt of view they add httle to our knowledge
of the aetiology In fact as Novak (1944) points out even
as recently as the papers of Lenz (1913) Reuben and Man
mng (1922 and 1923) and Neurath (1928), where many
examples from the hterature have been collected together,
this same prablem of aetioloyy anses and cannot be sohved
from the powt of view of modern pathology

Tha study was awarded the Raymond Horton Smuith Prize 1 the
Universty of Cambridge for 1950~51

3



6 CONGENITAL HEART DISEASE
and Lvans (1930) at least a third of the pulmonary circulatton must be
occluded for paradoxical embolism to take place

In cases of patent ductus arteriosus paradoxtcal embolism 1s shown

by the occurrence of infarcts in the pulmonary and systemic eirculations
when infective endocarditis 1s present The presence of vegetations at
the aortic orifice of the ductus permuts infective particles to be carried
along the ductus from left to right with resultant infarcts i the lungs
Certain authors have correctly considered this type of paradoxical
embolism to be more frequent than that which occurs with the auricular
septal defect

Finally paradoxical embolism 1n cases where a dextroposed aorta
lies astride an interventrrcular septal defect may be the cause of
unexpected death after surgical operations 1n 1nfected cases Farre
(1814) appears to have been the first to record a cerebral abscess 1
cyanotic congemtal heart disease His case was a cyanotic boy of nine
and there was no bactenal endocarditis Peacock (1866) was of the
opimon that most congenital cyanotic cases died of some cerebral
mcident Ballet (1880) observed that death from cerebral abscess was
frequent 1n cyanotic congental heart cases Abbott Lewts and Beattie
(1923) collected six cases of the tetralogy ncluding two of therr own
where death was the result of a cerebral abscess due to paradoxical
embohsm They emphasize the frequency of thrombosis 1n the right
chambers and peripheral veins and the direct path afforded by the
overniding dextroposed aorta Wechsler and kaplan (1940) summar
1zed fourteen cases of cerebral abscess in congenital heart disease and
1n ten the abscess was on the right side Gates Rogers and Edwards
(1947) state that there are thirty reported cases

Examination of the literature of cerebral abscess assoctated with
cyanotic congental disease shows that its occurrence 1s most frequent
where there 1s a venous arterial shunt allowing re circulation of venous
blood 1n the systemc circulation without 1ts passage through the lungs
Filtration of organtsms by the pulmonary capillaries 1s thus avorded
Important anatomical defects 1n this respect are the tetralogy of I'allot

cor trifoculare bratniatum  and the atrral septal
defect 1n failure The source of infection 1s most often sepsis in the
throat or ear tonsillectomy or dental extraction Bactenal endo
carditis 15 almost 1avariably absent Cerebral abscess can occur at any
age but rarely below one year The oldest reported case was 57 years
Attempts at surgical cure have been made and operatton was
successful 1n the case of Smolik Blattner and Heys (1946)

It 1s almost impossible to be completely certain of the dragnosts of
paradoxical embolism 10 cases where an auricular septal defect 1s a
latent abnormality although the condition may be suspected mn cases
which show 1nf: 1 both 1 Itis ble to be more
positive 1n diagnosis when embolism occurs in both circulations 1n




INTRODUCTION 7
cases of patent ductus artertosus and the tetralogy of Falfot The
occurrence of a bran abscess mn the latter condstion 10 the absence of
Xoc.\l predetermmng causes ts almost <ertamly due to paradoucal

However the ¢ wilf rarely be positively made during
hfe although 1t may be suspected if the chinical phenomena are kept in
mmd Usually the extreme raprdity of death foliowing upon mmportant

bolism gives small opportuatty for the of alt
the of the condit The tial picture from 2 diag
nostic point of view 15 one m which pulmonary embolism 1s followed
by numerous emboh in the systeruc crculation The diagnosis 1s
naturafly strengthened by the presence of congenital heart disease
The prognosis 15 1n general exceedingly poor




CHAPTER II

EMBRYOLOGY AND MORPHOLOGY

Some knowledge of the salient facts of embryology and morphology
are essenttal for a proper comprehenston of congenital heart disease
The deformed human heart due to arrested development at an early
stige may broadly resemble the heart of one of the more primitive
vertebrates This reversion towards a more primitive morphological
type was first noticed by Meckel (1812) and has been commented upon
by numerous observers since that time Actually the critical period 1n
the development of the human heart 1s before the septa have closed
that 15 1n the fifth to eighth week of embryomc life At this time the
~ complex processes of torsion involution of the bulbus and formation

of the septa are taking place Any interruption mn or arrest of these
processes may result in grave anatomucal abnormality and call for
remarkable readjustment of the orgamism to meet changed and
disabling condittons

The fundumental purpose cont olling the development of the heart
1s the formation of two circulations the pulmonary and systemuic
such a way that they are in ton and an exct of blood
may be effected It s thus necessary for the processes of development to
effect a crossing of the circulation so that the pulmonary vein enters
the aortic side of the heart and the pulmonary artery may lie in the
path of blood from the vena cavae The 4ctual mechantcal sttmulus
causing development to proceed along certain well defined lines remains
a matter for debate By some 1t 1s held to be an inherent capacity
possessed by the primitive cardtac cells by others 1t 1s thought to be
linked with haemodynamic processes Space precludes any detailed
discussion of these and other embryological factors and only a briel
outhne will be given of those developmental processes which are of
help 1n the interpretation of cardiac defects

EARLY STAGES In its earhest stages the human heart bears some
resemblance to that of the pnnutive fishes It 15 a simple tube like
structure conststing successively of a truncus arteriosus bufbus cordis
common ventricle common auricle and sinus venosus This tubular
structure 15 anchored at 1ts ends by the vessels entering the truncus and
the sinus venosus Such an anatomical state exists at the end of the
fourth week Tn the fifth week with the relatively raprd growth and
expansion of 1ts component parts the tube becomes hinked upon isell
and rotated upon its long axis It assumes an S shape the two

o




EMBRYOLOGY ARD MORPHOLOGY 9
curvatures of which are not in the same plane the lower curve bemng
1o the left and behind (fi, 1) The common ventricle 15 antertor with
the bulbus passing upwards and to the left the loop so formed being
termed the bulboventricular Joop the bulboventricular cleft interventng
between these two structures The auricle and sinus venosus are situated
shightly above and posteriotly In the fifth week there also appears the
first signs of the septum primum the bulbar ridges and the endocardial
cushions of the atrial canal As the auricle develops 1t expands laterally

230

Fic | The early stages of the development of the heart {After Pichon )
A aurcle B bulbus s sinus venosus v ventricle

&~2

and tends to overlap the bulbus which embeds ttself 1n the auricular
furrow The smus venosus opens 1nto the right side of the auricle and
1s still a separate sinus 1nto which enter the venae cavae The atnial
canal connecting the common auricle and ventricle opens nto the left
side of the latter In the sicth week the septum primum fuses with the
endocardial cushions of the atrial canal and the septum primum 15
formed the septum secundum appears the truncus becomes completely
divided and the endocardial cushions destined to form the valves are
present The seventh week 1s marked by the disappearance of the stnus
venosus tnto the auricle the formation of the coronary sinus from the
duct of Cuvier and the development of the septum spunum and fora
men ovale In the eighth week the heart assumes its familiar configura
tion and the interventricular septum closes In the subsequent weeks
until term further differentiation of tissue takes place

The Bulbus Cordis The bulbus cordis exists as a separate chamber 1n
the heart of the fish and 15 provided wath valves 1ts function being to
provide a means of regulation of the blood supply to the branchral
system As the ammat scale 15 ascended the necessity of a pulmonary
circulatton leads to 1ts restriction to the night side In the embryonic
human heart the bulbus forms the outflow portron and 1s situated at
the right end of the common ventricle 1ts extrapericardial portion
being continued as the truncus arteriosus Within the bulbug ate various



10 CONGENITAL HEART DISEASE

ridges and swellings which are described below and which are destined
to form the septa dividing the bulbus In the human heart the bulbus
15 a tramsitory structure disappearing duning the course of normal
development and becoming mainly incorporated into the right ventricle
to form 1ts ifundibulum or conus It disappears from the left ventricle
its position being indicated by a small portion of the aortic conus The
name of Keith (1909) 1s particularly assocrated with the bulbus and
his work has greatly advanced knowledge of the morphology and fate
of this particular structure 1n man Keith 1s of the opinton that the
largest number of congemtal heart anomalies arise as the result of
arrest or interference 1n the normal process of 1nvolution of the bulbus
Reflection on 1ts role 1n the formation of the infundibulum and 1ts
contributions to the aortic and pulmonary valves and to other struc
tures at once shows that 1t 15 a veritable keystone i congemital cardiac
pathology Abnormalittes of 1ts incorporation lead not only to the
different types of stenosis and hypoplasta of the pulmonary tract but
also to transposition Its persistence in the left ventricle results 1n sub
aortic stenosts
In the early stages of development the bulbus les ventral to the
primitrve ventricle and the adjacent walls of the bulbus and ventricle
become merged and then obliterated This allows free communication
between the bulbus and night ventricle so that ultimately as the inter
ventrnicular septum develops the bulbus 1s separated from the left
sentricle and persists 1 the right ventricle to form the conus or
nfundibulum of the right ventricle The partitioning of the bulbus and
sts continuation the truncus artertosus 1s a highly complex process
The truncus arteriosus and bulbus exist imtially as a continuous tube
the line of division being the site where the aortic and pulmonary vatves
are formed Within this continuous tube two rows of swellings develop
These are arranged 1n a sprral fashion and as they grow they unite to
subdivide the channel into two approximately equal parts the aortt
and pulmonary artery These ndges 1if traced downwards follow a
spiral clockwise course Distally the ridges are laterally placed but as
they coutse down towards the heart the right fidge curves on to the
dorsal wall and then on to the left lateral wall The left ndge pursues
a similar course 1n an opposite direction passing on to the ventral wall
and then to the right wall In effect the septum formed by the fuston
of these ndges has a twist 1n 1 clockwise direction of 270 nearly 1
complete rotation In this manner the posterior diviston of the tube
comes to lie on the right hand side and the anterior division on the
left Subsequent modification of this position places the pulmonary
artery 1n front and the aorta behind The truncus septum or aortico-
pulmonary septum fuses with the distal bulbar septum at the level of
the semilunar valves The semilunar valves themselves are dertved from
r, o PPN

L rha sanht
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TMBRYOLOGY AND MORPHOLOGY 1"

and left of these cushtons fuse sn such a manner as to form the distat
bulbar septum and to leave 1n cach half of the dided bulbus three
cushions from which the senjunar vahes are developed The distal
bulbar septum joins the sorticopulmonary septum abose and the
aroxtmal bulbar septum below The proimat butbar septum 1s denved
from the proxsmal bulbar sweflings or ndges which are continuous
with the night and left bulbar swellings so that when unton Is effected
the bulbus 1s divsded into aortic and putmonary chanacls The fusion

Fic 2 The bulbar septum a dispositton of the butbar
ndges » normat absorption of bulbus © txcessne
back to s10n about ndge A

of the prouumal bulbar septum with the interventitular sepium com
pletes the dviston of the heart 1nto a night and left side

The recent work of Pernkopl and Wictinger (1935) suggests that
thete are two main stages mn the development of the heart The first
stage 1s concerned with the formation of the bulbo ventncular bend
and the bulbar fank At the completion of ths stage the bulbar ridges
pursue a spiral course of 270 (fig 2)

The second stage is related to the absorption of the bulbus This
pracess ts necessanly a complex one and vanious twists or torsions
take place m order fo bring the different parts tnto their correct altgn
ments Inspectson of a normal heart shows chat the pulmonary artery
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arising anterior to the aorta undergoes a defintte twist so that 1t passes
behind the aorta on 1ts way to the lungs Examnation of the interior
of the bulbus at the completion of the S shaped stage shows that the
bulbar ridges pursue a helical course Such an arrangement of the
bulbar ridges 1s present 1n the Dipnoean fishes and Robertson (1913)
has indicated that kinking of the butbus 1s sufficient to produce a spiral
disposition of the ridges

Shrinking of the middle segment of the bulbus and notably that
part of the bulbus embedded in the auricular furrow allows the forma
tion of the aortic vestibule Linked with this process 1s an untwisting
of the bulbar ridges and a transference of the twst to the nidges of the
truncus thss latter being shown by a torsion of 150 at the distal bulbar
orifice Untwisting of the bulbar ridges 1s achreved by back torsion n
a counter clockwise direction at the proximal bulbar orifice Lev and
Saphir (1937) who have studred this torsion 1n relation to transposition
state that this back torston amounts to 45  and further leads to Ridge B
assuming a position further to the nght For these authors the bulbo
auncular spur (or bulboventricular ridge of some authorities) constt
tutes a fixed point about which the bulbus rotates and torsion takes
place Ridge A which early Joins with the ventricular septum may also
1n some circumstances act as a similar fixed point

On this supposition s based Les and Saphir s theory of transpositton
Beiefly iof the bulbo auncular spur area 1s abnormal from any cause
1t prevents the bulbus from embedding tself in the aurtcular furrow
and a fixed point s not ot d In these cir untwisting of
the bulbar ndges 1s achieved by back torsion at the proximal bulbar
orifice 1n excess of that normally taking place The more detorston at
this site the less at the distal bulbar oriftce so that i extreme degrees
of back torsion there 1s no torsion at the distal ortfice Thus no twist 1s
given to the truncus nidges apd the picture of transposition results
Ridge A because of 1ts early junction with the mterventricular septum
may also act as a fived point and rotation of the bulbus occurnng
about 1t will again lead to the prcture of transposttion (fig 3)

Lev and Saphir s theory receives confirmation 1n alterations pre
sented by the muscle bundles of the mfundibulum 1n specimens of
transposition exammed by them These muscles are the septal and
panetal muscles (left and right infundibular bands of keith moderator
band and crista supraventrculans of others) and are both readily
tdentifiable 1n the human heart The crista supraventriculans a
prominent crescentic muscle band constituting a boundary of the
pulmonary conus normilly ends an the bulbar septum In cases of
dextroposition of the aorta with an nterventnicular septal defect it
may be traced through the defect to the base of the aortic cusp of the
mtral valve 1t 1s developed from Ridge B and the bulbo auncular
spur and that portion passing through a defect may be mterpreted as
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a persistent bulbo aurcular spur showing fatture of atrophy 1n this
region
Pultmonary stenosss and hypoplassa result from compression of the
conus of the pulmonary artery between an abnormat bulbo-auncular
spur and a septum developed by eveessne badk. torsion about Rydge A
A septal defect 15 chielly the result of maldevelopment of Rdge 3 B
Correct torston brings Ridye 3 over Ridge B whilst detorsion tends to

FRSTAWSE

VARKUS DEGR! T Yadbinbmon

>
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1is 3 Dsagrams o dustal and provmal bu'ba o5t in vatious tvpes of tansposition
With ancreased back torsion at the proximal ostwm either araund its centre or
round ridge A there 1 a tack of torstyn at the distat ostam (Lev and Saphsr}

place these structures apart W Fere there ss symproper formaticn of the
aottic vestibule Ridge 3 B 1 under-developed and a septat defect
aceur

Lev and Saphir s work while differing 1n detad has confirmed the
broad conclusions of hetth that trinsposittan was the result of defectine
absorption of the bulbus It has also emphasized the mtepral pact
played by the bufbus i the early stages of cardiac development

The Arrjal Canal This intervenes between the ingle auricle and
ventricle of the pumitne heart Four endocardial cushions appear
within 1t and the anterror and postenior of these fuse to form the
aunculaventoscular onfices Up to this time the muscafature of the
aunde and ventricle ts conttnuous but with the formation of the
orifices connettne tissue grows in lrom the atnal ring severieg the
muscular hak between auride and veatricle A few strands of muscle
tissue escape 2nd rua down on the anteso fateral wall from the sinus
venosus These are destined to become the bundle of His
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The atrial canal 1s a cntical structure in the development of the
heart because the interauricular and interventricular septa are both
attached to the fused anterior and posterior endocardial cushions A
failure 1n the development of the endocardial cushions will lead to
abnormalities of septal formation and of the auriculoventricular
orifices and valves

The Auricular Septum The septum primum appears at about the
fourth week on the upper posterior part of the auricle and grows down

Fi6 4 The formation of the interauricular septum (After Walmsley

Quain s Anatomy }AC atrialcanal Aec and PEC antertor and posterior

endocardial cushions cs coronary stnus Ev Eustachian vahve ro fora

men ovale £p foramen primum Rsv and 1sv right and feft sinus valves
s1 septum primum s? septum secundum

wards towards the atrial canal Its lower margin 1s concave and when
fusion of 1ts extremities takes place with the endocardal cushions of
the atnal canal + space the foramen primum 1s left above the atrial
canal (fig 4) The upper posterior part of the septum primum disappears
duning the fifth week 1ts place being taken by a septum secundum or
foramen ovale In the meantime a second septum appears to the right
side of the oniginal attachment of the septum primum This is the septum
secundum which grows down towards the atnal canal so that the two
septa overlap and a sht ltke passage the foramen ovale intervenes
between them The free edge of the septum primum 1n the left auricle
persists as the valve of the foramen ovale The foramen ovale remains
patent until birth when 1t may esther completely close or persist as a
shit Ithe communication between the two aurcles

Failure of development of the interaunicular septum results in a
persistent ostium primum  persistent ostium secundum or a patent
foramen ovale A persistent osttum primum 1s associated with anomalies
of the aurtculoventricular valves The septum may be absent
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The Interventricular Septum Separation of the ventricles 1s necessary
for the formatton of an adequate pulmonary circulation The first inds
cation of septation of the ventricles ts the appearance n the fifth week
of a ridge the septum nfenius on the floor of the common ventricle
Mall (1911) has shown that the growth of the septum from this poist
15 not by upwards extension but by hollowing out of the primitive
ventricular musculature to form the two cavittes Dorsally the septum
wnfenus fuses with the postertor endocardial cushton of the atnal canal

Fi6 5 Separation of the aortic vestibule (Adapted from Gray s
Anatomy 1932 2SthEd figs 188 189)

near its right end The septum ofer1us at this stage has a free concave
upper margin

Between the auriculoyventricular orifice and the proximal part of the
bulbus cordis there 15 a bulboventricular ridge or spur (fig 5) corre
sponding with the external bulboventricular groove Fraser (1917) has
shown that the disappearance of this spur allows the formatton of the
aortic vestibule During the formation of the septum infertus this ndge
1s absorbed with the result that the night end of the atnial canal comes
to lie beneath the bulbar onfice The right and left bulbar ridges
continuattons of the right and left bulbar endocardial cushions
together form the proximal bulbar septum The right bulbar ndge
grows across the wall of the bulbus to the right exteemty of the fused
auniculoventricular cushions where 1t fuses with the free margin of the
septum inferius obhterating part of the auriculoventricular orifice The
Ieft bulbar ridge grows along the free margin of the septum mferius
unttl 1t meets and fuses with the right bulbar ndge As the proximal
bulbar septum develops the ventral portion of the bulbus becomes
1ncorporated in the night veatricle to form the infundibulum The dorsal
portron of the bulbus almost entirely disappears although a vestige
may remamn 1n the aortic vestibule

The auncular septum fuses with the middle of the auriculoventricular
cushions whilst the mterventrscular septum fuses with the might
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extremity Thus between the right auricle and the left ventricle there 1s
a small area derived from the fused cushions This becomes the mem
branous portion of the ventricular septum

Failure of development of the ventricular septum 1s closely linked
with the involution of the bulbus and abnormalties of torston as
discussed above Most defects of the interventricular septum are conse
quently associated with other cardiac anomalies The 1solated defect of
the ventricular septum 1s generally anterior to the membranous septum
and due to arrest of development of unknown origin It 1s rarely due
to a persistent interventricular foramen It may be due to a slight dextro
position of the aorta a munimal form of transposition Defects towards
the apex of the ventricular septum have a morphological nterest as
stich defects are found 1n the heart of the python

Morphology

Darwin (1859) stated that the metamorphosis of the tndividual
recapitulated the evolution of 1ts kind A remarkable feature of con
gemtal cardiac pathology 1s the resemblance presented by the deformed
human heart to the heart of the various classes of the lower vertebrata
A knowledge of these hearts 15 of help in the identification of the
grosser human cardiac defects

The heart in the lower vertebrates 1s a relatively stmple muscular
organ designed to drive venous blood forward to the gills Ongnally
i the lowest animal orders a stmple straight cylindrical tube 1t
becomes differentrated 1n the vertebrata into four chambers each more
or less separated by 1 constriction If one of the lower fishes (fig 6) 1s
taken as a type the heart is roughly bilaterally symmetrical The most
posterior of the chambers 1s the sinus venosus nto which enters the
ducts of Cuvier and hepatic veins and also blood from the heart itsell
by a cardiac vein The impulse otiginates 1n the sinus venosus and the
blood 15 propelled forward by rhythmic contraction passtng successtvely
over the chambers This mech 1s of fi for 1n the human
heart the impulse anises in the sino-auricular node A venous valve of
two cusps mntenenes between the sinus and the common auncle The
latter 1s thin walled and very distensible and owing to a slight bending
of the cardrac tube 1s situated somewhat dorsal to the common ventricle
The common auricle commumicates with the large thick walled ventricle
which tapers towards 1ts anterior end to become continuous with the
bulbus artertosus or butbus cordis The bulbus cordis which in the
fish has the status of a separate chamber gives off the branchial arches
at 1ts extreme anterior end The development of the bulbus varies 1n
the different orders of fishes In the Elasmobranchs (sharks and rays)
1t1s well developed and contains several rows of valves 1n the Teleosts
3t 15 considerably reduced and may bear only one row of valves m the
Dipnot (mud and lung fishes) where there 15 a double resprration by
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Fic 6 Theheatioftheti s a 8 clasmobranch © o teleost (B and C
e Quam s Apatomy F919 Vof VI part3 page & fg

Fiu 7 The hrart of the {rog AVY auticulosentricular
vabe svo bulboventriular ofifice sev spiral vahe
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lungs as well as gtlls the bulbus 1s spirally twisted upon itself an
partially divided 1nto two channels by fused valves thus representing
stage 1n cardiac development between the fishes and the amphibia 1
addition 1 the Dipnor the auricle 1s divided by an interauncula
septam and the sinus venosus opens nto the nght attium

In the amphibia certain changes take place in view of the developmen
of a pulmonary circulation and the disappearance of the gills (fig 7)
The heart acquires the shape charactenistic of the higher vertebrates
and the S shaped curvature of the heart tube 1s such that the auncle 1
carried dorsal to the common ventricle so that the latter opens bck
wards mto it The smnus venosus 1s also carned dorsatly and open:
downwards into the auricle The auricle s partially subdivided into 4
large night and a small left auricle by a crescentic interaunicular septum
the free margin of which 15 above the auriculoventricular onfice Th
left aunicle recenves a pulmonary vein and the sinus venosus opens Intc

Fi~ 8 Diagram of repuilian heart (After Quam)

Avv aurculoventricular valves BvR  bulboventricy

1ar ridge above which rises the left aorta La € VEN

and ¢ aRT dwisions of the dorsal ventncle RV nght
(ventral) ventricle

the nght aunicle The sinus venosus still remains a separate chamber
recening the ducts of Cuvier the wnferior vena cava and a coronary
vemn The bulbus 1s spirally twisted and contains a sptral valve buts
however incompletely partitioned Small coronary atterses are derived
from the first arch

In the reptilia {fig 8) the heart 1s more speciabized and s disided
1nto two sides by the auricular and ventricular septa The interaunicular
septum meets the auriculoventricular orifice and divides 1t In the hugher
types the sinus venosus is more or less incorporated nto the night
auricle but tn many species it remans an actual chamber guarded by 2
stnus valve The pulmonary veins open into the left auricle The ventricle
15 divaded 1nto two chambers a small anterior and a large posterior by
an interventncular septum with a free concave upper margin in the
lizard snake and tortoise In the crocodile the interventricular septum
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is complete A nght and left zorta are in refation to the posterior or
left ventuicle and a pulmonary artery springs from the anterior or right
sentrile Al three preat vessels are furnished with 2 bicuspud valve
A feature of the reptihia s that the buibus no longer exists as a separate
chamber and has becosme submesged sn the ventrnde It has undergone
a spiral twist and by fuston of sts valves beer partitioned into the two
aortae and the pulmonary artery

In the bird the septa are completely formed The bulbus has dis
appeared and both aorta and pulmonary artery bear three cusps The
stnus venosus Is icorporated in the night avncle The tacuspid valve
consists of three thick muscular folds and the mtral valve has three
cusps The aorta crosses the night bronchus

1t 15 thus possible to trace the peneral evolutionary kines of the heart
{hg 9) It begins as a sumple muscular enlargement designed to pump
blood to the gitls Later 1t 1s subdiided to four b P d
by salves sn order to ensure the forward flow of the blood Beginning

TERY -

-

N {3 A
A 8 ¢ o g F

Fic 9 DMagram showing the heart in different verte

brates a elasmobranch g teleosts € acphtba

B Jower reptifes v alkgator £ burds and mammals

a auncle b bulbus cordis s sinus venosus v
sentrnle (After Kingsley)

with the fish 1t gridually acquites an S shaped bend and valves appear
sn the bulbus cordis As the scale 15 ascended and the transitson occurs
from the gil breathing to the lung breathing types the heart 1s divided
nio two sides for the purposes of 3 pulmonary and a systemtc circu
{ation Definite subdivssion of the auricles tzkes place in the amphibia
and mportant subdivsion of the ventnicle o the reptiia becomung
complete in the crocodiia The bulbus cordis ceases to exmst as a
definte sepatate and functional chamber afier the amphibia but 15
present 1m the embryomic state of afl the vertebrates §t Sirst becomes
spuraily twisted and pattially subdivided in the Dipnocan fishes An
tncomplete spiral septum divides the bulbus mn the amphubia This
becomes complets m the reptiha where the bulbus 1s partitioned into
three compastments comprising two aortae and a pulmonary artery
Above the reptiha there 1s 2 single aofta and pulmonary artery
[
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Table summarising the principal points mn the morphology of the heart

in the vertebrata
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CHAPTER 11}

FREQUENCY, ETIOLOGY
CLASSIFICATION

Frequency
I 15 difhicult to arrve at any exact figures relatne to the saidence of
congental heatt disease The recognitson of congemtal heart disease
15 1o some evlent proportional to the knowledge and wnterest of the
observer and 1t 1s only within the last few years owing to the prancer
work of Abbott {1927) and the more recent advent of surgical treat
ment that any deep nterest wn the subject has been generally displayed
Previowsly it was considered unwise to venture beyond the nere drag
nosis of congenital heart disease probably because little could be done
1 the way of teatiment, and many cases espectally 1o the acyanotic
groups escaped etiological recopmtion Even to-day despite the mmph
catrons of surgery there 1 some hesuancy in diagnosis although a
farge volume of clintcal and other evidence permuts reasonably accurate
recogmition of a number of anomalies There remains however a
siagular dearth of statistical evidence of in¢idence such as is avarlable
faltng 1to two mamn orders post mortem and chmeal A mass of
autopsy estdence mostly from Ametican sources 15 gradually accumy
Jating owing to mpetus gtven to the matier by Abbott {1936) but
there 15 Iittle of such work from Bntish sources The morg recent
informatton 1s summarized m the table below

TasLe | (Post MORTEM INCIDENCE)

Cases of
Ccngemial
Total Heort Pnccmage
Austopsies Disease of Cases
Rannets and Propst 4235 15 {285
Sxypulsh 7,500 13! 017
Roberts 27077 lO7 0009
Dolgapat 1037 39
MeGinn and White 7500 67 009
Fhilpat Tt
Leech 13115 s7o 129
Macholson st 200
‘Terplan and Sanes
{shildren xmdcr three) g.;ﬂ'axn - — 5 g
— - i
1a Chapelte 8683 3t ¢i6
Jacobxus ard Moore 1600 131 81
Tagham (Mayo Chini) 8314 87 105
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From these figures 1t appears that the average wcidence 1n all post
mortems 1s 1n the neighbourhood of 2 per cent As some of these
figures are dertved from children s hospitals and include neonatal cases
the figure should be generally somewhat lower

Chnical statisties are equally scarce and are agatn mostly denved
from sources other than British Thts 1s surprising because there exists
tn the British Isles a school medical service whose responsibility 1t 1s
to examune all school entrants at the age of five Heart cases are how
ever only segregated mto organic and functional and only where
special heart clinics are conducted by the vartous authornities are any
data available Even so this information 1s difficult of access and must
be sought 1n the yearly reports published by the several authorities
‘White (1931) summarised the then available literature of the incidence
of heart disease according to etiology The figures below are derved
from this source

TABLE IT
Cases of
Congemtal Percentage
Heart Disease of cases
White and Jones (1928) 1543 25
Wyckoff and Lingg (1926) 1001 05
Wood Jones and Klmbmugh 1976) 300 10
Stone and Vanzant (192 915 10
Muyers (1927) 510 20
Wills (1926) 330 10
ko (1930) 867 10
Coffen (1929) 1344 01
Coombs (1926 1000 20
Parkinson and Clark kennedy (1926) 100 10

From these figures 1t appears that between 1 and 2 per cent of cases
of organtc heart dlsease are of congenital etiology It seems probable
that with the m the recogi of these cases by
chinical methods this figure may shghtly imcrease

Etiology

From an etiologreal pomnt of view congenital abnormalities of the
heart fall into two man groups The first group comprises those cases
due to a primary arrest or defective development occurring before the
eighth week of intra utenine hfe The second group includes those rare
cases which are the result of infection transmutted by the mother to
the foetus after the second month when the septa have closed

Hope (1839) believed that the communcs! cause of heart anomalies
was an arrested devel d (1835) d the dual
orign by arrest of development or infection Defective or atrested
development 1s responstble for by far the greater number of congental
heart cases and most experts would now doubt the importance




FREQUENCY ETIOLOGY CLASSIFICATION 23
ongmally attributed to foetal endocarditis What other factors may
cause errors 1n development remarm largely a matter of comjecture

A study of any large senes of congemutal heart defects will reveal the
not mconsiderable frequency with which there are defects elsewhere in
the body and dispel any doubt that their coincidence 1s accidental
Figures of such an assoclation vary within wide limits from the extreme
of 54 per cent (Jones 1926) to 18 per cent (Abbott 1927) and 11 per
cent (Vierordt 1898) Brumlik (1937) noted 6 per cent tn chincal cases
and 23 per cent 1n avtopsied cases Such associated viscerat or somatie
abnormalities may be transposition of the viscera cleft palate hare ip
poly and syndactyly congenital hermia spina bifida and others In
our experience one or mofe accessory mipples appear to be the

of all 2 I abnormalities
Chest deformities are quite commeon 1rrespective of any history of
nfantile asthma p hitis or rickets Attention has been

called to the frequency of Harrison s grooves in severe grades of con
gemtal heart disease by Naish and Wallis (1948) Little ts known of the
exact causation of these sulct Sheldon (1938) suggested that pulmonary
! occurring as a of heart disease probably caused
indrawing of the intercostal spaces
Mongolism and arachnodactyly are of especal interest owing to the
frequency with which congenttal heart disease ts found 1n these con
ditions The causes of mongolism are at present unknown and it 1s
said to occur as an exhaustion product when maternal age 1s advanced
or at the end of a large family That thss 1s by nno means always the case
has been shown by Still (1927) (fig 10) ard tt 15 withia the expenience
of most phystcians to observe the first chuld of a famuly thus affected
It 1s only rarely that more than one mongol occurs 1n a family Maternal
age 1s stil held by many to be a most rmportant factor and both
hormones (Brousseay 1928) and vitamins have also been mcriminated
as etiologieal factors The work of Meyer and Cook (1937) shows that
1 some cases there 15 4 fibroghal sclerosis 1nvolving chiefly the white
matter which may possibly be due to anoxaemia It at least appears to
be certain that the factors producing mongolism operate 1n the early
weeks of intra utenine life at a time when the development of the heart
may be nfluenced The study of mongolism may well throw Light upon
the genests of cardiac defects The general characteristics of mongolism
are 50 well known that the condition may be recognized at a glance
Suffice 1t to say that the extremities are usually cold and cyanosed
owing to poor circulation even in the absence of a congental heart
lesion The frequent association of congenttal heart dimease with
lism has long been Figures of the mcidence of con
gemial heart disease 1n mongols have been grven by Thompson (1920)
who found heart signs in one of every five examined Other statistics
have been contributed by Thursfield (1926} who found heart disease 1

Paans
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16 per cent Spuhler (1929) 25 per cent Edelhaus (1932) 21 per cent
Abbott (1927) considesed that the defects of the atrial septum and 1n
particular a defect of the septum primum were the commonest abnor
malities present in mongols Silvy (1934) found signs of the maladie de
Roger 1n 61 per cent of fifty five mongols with heart disease

In arachnodactyly the incidence of congemtal heart disease 1s per
haps higher than 1n the mongol Arachrodactyly was first described
by Marfan (1896) and 1s an hereditary disease The most prominent

PLACE (N FAMILY.
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FiG 10 Showing age of mother at birth of mnfant with congemtal
heart disease and place mn the famuily of congenstal heart disease
and mongols (From G F Snil)

signs are abnormally long slender fingers and toes The long bones
are also 1nvolved and the subjects are tall and underwerght for their
age and have a general appearance of emactation owing to poof
musculature and lack of subcutaneous fat Fhe joints show excessive
mobility owing to relaxation of the ligaments ~Associated with the
skeletal abnormalities there may be deformties of the feet kyphosi
and scoliosis or deformuties of the sternum Other striking features
that may be present are dislocation of the lens high arching of the
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palate and prominent ears A congemtal abnormality of the heart or
aorta 15 present 1n a large number of cases Rados (1942) analysed the
Iiterature up to 1940 and collected 204 cases cardiovascular abnror
malities being present 1n sixty three Auricular septal defects occurred
1 three of four cases of Piper and Irvine Jones (1942) and imnter
ventricular septal defects patent ductus arteriosus aortic regurgitation
and cardiac enlargement have all been mentioned An nteresting

d anomaly 1s med of the aorta occastonally accom
panted by dissecling aneurysm 1n some instances terminating in sudden
death from rupture The presence of medionecrosis of the aorta or of
the commonly assoctated vascular hypoplasia renders surgery unde
sirable Such are the cases of Baer Taussig and Oppenbeimer (1943)
Etter and Glover (1942) and Uyeyama hondo and hamns (1947)
The rheumatic infection has been quite often associated with arachno
dactyly The etiology of arachnodactyly remains obscure Some have
considered 1t to be a congenital mesodermal dystrophy owing to the
multiplicity of structures that may be mvolved Whatever its exact
stiology may be 1t seems clear that the factors 1n sts production
operate early 1n foetal life at a ume when the heart may be mfiuenced
Ellis and van Crefeld (1940) have described a syndrome charactenized
by ectodermal dysp! polydactyly chond: 1 and 1
heart disease

The occurrence of congenital heart disease 1n monsters has only as
yet been partially studied In the embryological sense the term monster
designates a foetus or full term child i which malformations are
present whether of the heart spine or other organ Mall (1917) stated
that monsters were not due to any hereditary snfluence but were due
to factors 1n the environment of the foetus The tendency towards the
predominant involvement of one system was thought by him to be
evidence that different tissues were affected at cntical stages m their
development He found that most monsters developed before the
eighth week Scammon (192%) stated that monsters could be produced
by certain chemucal or physical agencies such as extremes of tempera
ture X rays and chemical changes in the surrounding flud of the
developing embryo  These experimental and environmental matters
have been discussed by Reid (1931) Reith found a malformation of
the heart 1n fourteen of twenty three malformed toetuses and a personal
unpublished sertes shows a hugh incidence of cardiac anomalies in spina
bifida anencephaly and other severe malfotmations Mall found
monsters to be twelve times as frequent amongst abortions as 1n full
term tarths The causes of abortion are well known and include patho
logical conditions of the chorion and ammion uterine disea e tmperfect
implantation of the ovum endocrne disturbance and avitamsnosts In
Tegard to ths latter 1t has recently been shown (Warkany 1944) that
female rats fed and mamtaimed on a diet defictent 1n vitamum A produred

ysp
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young with multiple congemital defects These defects principally
mvolved the eyes but there were also defects of the lungs and pleura
abnormality of the heart muscle and 1n a number of instances a right
sided diaphragmatic hernia  As liquid paraffin hinders the absorption
of Vitamun A and 1s frequently used as a laxative 1 pregnancy 1ts
continued use may not prove to be desirable All the above can give
11se to 1mportant environmental changes i relation to the developing
foetus

Thomson (1920) 1s of the opmion that disturbance of the health of
the mother 1n the early weeks of pregnancy mught have an important
1nfluence upon the production of malformation

Gregg (1941) 1n Australia reported that certain congenital abnor
malities affecting the ear eye and heart were related to a maternal
attack of rubella mn the early months of pregnancy Of seventy eight
cases with congenital cataract forty four had congenital heart disease
This recerved a somewhat mixed and sceptical reception for after all
why had not this association been noted before particularly as a rash
1n pregnancy could hardly escape observation? Likewise why should
such a triviil disease as rubefla produce such devastating effects upon
the embrvo when other and more severe infections left the foetus
unscathed? Confirmatory reports soon began to appear Swan (1943)
and others found 1n a series of maternal rubella m pregnancy that thirty
one children of forty nine mothers had congemital abnormalittes 1n
seventeen mvolving the heart Reese (1944) noted 1 strlar association
1n three further chuldren with congenital heart disease These reports
could be substantially multiplied In a personal (unpublished) case
maternal rubella occurred in the fifth week of pregnancy The infant
born at term had an interventnicular septal defect and congenital
cataracts

Interrogation of the mothers of 400 congemtal heart cases mn 2
personal series has failed to reveal a single nstance of rubella or of any
other mfectious disease in the early months of pregnancy One 15
entitled to ask sf a mother would remember what 1s usually considered
to be a tnfling 1llness often treated without the aid of a doctor Further
could the rubella of Austrahta be a new form of the disease or one
enhanced 1 virulence by the importation of service personnel from
overseas? Certain ectodermal structures such as the lens nucleus are
well known to be vulnerable to vicus infectton but st 1s difficult to
understand how mesodermal structures such as the interventricular
septum can be tnvolved unless by interference with sts vascular supply
or nfiltration of 1ts developing tissues Brown (1947) considers that the
adrenal 1s the pnncipal structure attacked by the virus leading to
adrenal failure which 1n its turn leads to defects 1n the eyes heart ear
teeth and brain This view 1s open to criticism because the first steps of
development of the cortex and medulla are only apparent m the fifth
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and sixth week when the cardac septa are all but formed and there 1s
no evidence that they are functiomng organs apart from this The sub
1ects of congenital heart disease supposedly mitrated by fubella have
not been demonstrated to be cases of simultaneous hypoadrenalism
The of arachnodactyly I cataract and defect of
the auncular septum mught now bear investigation in relation to
maternal infection
The elucidation of the problem of rubella 1s important Unfortunately
the records of matermty clinws and of most heart clinics will be of
Iittle use as hitherto rubella has not been looked upon as a sigmificant
disease The best approach will be the cxamination of the children of
mothers definitely known to have had infectious diseases n the early
months of pregnancy The fact does remain that rubella in pregnancy
must be looked upon as a formidable discase Mothers exposed to
mfection with rubella or mumps might well recenve an njection of the
gamma globulin fraction of convalescent serum as soon after exposure
as possible Rubella 1n the first three months of pregnancy should be
dered to be an ind for th abortion
HEREDITARY INFLLENCES Inherent changes in the germ plasm have
been invoked as a possible cause of defect Comparatively few cases of
congenital heart drsease attain maturity and fewer still reproduce so
that any assessment of the tmportance or otherwise of this factor
remains almost mmpossible 1n the present state of knowledge The
teported cases mainly suggest that heart anomalies are more often
found 1n members of the same generation than 1n the ancestors Abbott
(1927) found a heart anomaly 1n brother or sister m eleven cases
Patent ductus arteriosus has been found 1n twins (Smuth 1929 Brown
unpublished) (fig 42) 1n sisters (Jewsbury 1912 Elis 1933 Snelling
1937) Congemtal idiopathic  hypertrophy has occurred 1n swsters
(Sprague Bland and White 1931) the maladie de Roger m mother
and child (Debre 1923) septal defects 1n a father and four children
(Seitz and Baumann 1935) congenstal heart block 1n father and child
(Walgren and Winblad 1937) and in two sisters (Aitken 1932) A per
sonal (unpublished) series shows congenital heart disease 1n brother or
stster 1n 1< mnstances (hg 43) On the other hand 1 dextrocardia a
defect of no chnical signficance 1ts occurrence 1n four generations was
noted by Lancist (1701) and 1n three generations by Muir (unpub
lished) In all the literature contams sixty three reports of congenital
heart disease in two or three members of a family (Courter er a/ 1948 )
The genetics of transposition of the viscera and dextrocardia have
been studied by Cockayne (1938) Rosler (1928) observed consanguintty
1n 10 per cent of cases of cardiac abnormality
Murphy (1940} considers that the factors responsible for the develop
ment of a congenutal defect are present 1n either the sperm or the ovum
before fertthzation and 1f this view 1s correct there must always be a

s



28 CONGENITAL HEART DISEASF
certain number of lly deformed individuals occurring at a
more or less constant rate The age of a parent at the birth of its off
spring 15 believed to be important after the age of 30 and after a
maternal age of 40 the birth rate of malformed individuals 1s three
times the rate of those born when the mother 1s less than 30 It 1s also
thought that the parents of a malformed child are hkely to have a
further abnormal child A gross malformation 1s stated to occur once
1 every 200 live births amongst the populatton at large whereas in the
offspring of the parents of a malformed child another malformed child
1s likely 1n every eight births Therefore from a preventative pont of
view only the Imitation of reproduction after the age of 30 and no
further reproduction by the parents of malformed children 1s likely to
have auy effect upon the frequency of abnormality How far this view
point 1s applicable to congenital heart disease must remain a debatable
problem 1n the hght of our present knowledge
The inference to be drawn 1s that 1n so far as congenital defects are
concerned the environmental conditions of the foetus play a prominent
part The health of the mother 15 a factor of considerable importance
but one that 1s not always amenable to supervision because the case of
pregnancy rarely comes under observation until after the third month
at a ttme when efforts directed towards the prevention of a cardiac
defect are useless Rubella 1n the early months of pregnancy 1s of great
significance It seems worth while to consider the advisability of
at to save a th d abortion 1n view of the damage that
may be sustarned by the foetus and the major 1ncrdence of anomalies 1n
aborttons
FoErar, ENpocARDITIS Infection transmitted by the mother to the

foetus after the heart has reached 1ts definyive form and the septa have
closed has long been pted as a cause of ¢ | cardiac path
ology As early as 1814 Kreysig thought that cases of pulmonary
stenosis with a patent foramen ovale were the result of a foctal endo
carditis Similar views were entertained by Laennec (1837) who 10
deseribing a case where the valvular orifices were generally narrowed
stated that such cases were une tofl 1on des
valvules qut aurait eu lieu chez le foetus  Rokitansky (1842) thought
that the foetal endocarditis had a predilection for the right side of the
heart whilst endocarditis in post natal hfe more frequently nsolved
the left side Peacock (1866) states the pulmonary valves are often
found united 1 cases 1n which the septum of the ventricles 1s imperfect
or where the foramen ovale 15 unclosed and the ductus arteriosus sull
pervious conditions which clearly point to the eustence of obstructions
at the pulmonary orifice during foetal life It may be nferred that
the disease processes on which they depend are 1 therr nature pre
cisely stnilar to those which give nise to thickentng and adhesions in
after ife  Peacoch also observed the major incidence of foctal inflam
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matory processes 1n the night side of the heart and attnbuted this to
the more intimate connection of the night ventricle 1n the foetus with
the 1 m the d ding aorta and umbilical artertes Because
he considered varation 1n intra artenal pressure 1n the aorta to be
causative of the aortic valvular disease by analogy he thought that
mterference i the circulation in the placenta and the cord by leading
to fluctuations m pressure tn its turn mught explam the ncreased
Tability to disease of the night side of the heart i the foetus The theme
of foetal endocarditis was ly lified and for a long time
1t was a well recogmized etiologscal factor 1n certain lestons Increase
1n knowledge and expenence has largely displaced foetal endocarditis
from 1ts former role of importance As a matter of clincal observation
it 1s uncommon to obserse cases where a congenital heart lesion can be
correlated with infection 1n the mother The cotncidence of the rheu
matic mfection 1n an active stage with pregnancy 1S comparatnely
rarely noted Cases do however occur where cause and effect are
evident The result of infection 15 a foetal endomyocarditis This
termunates 1n thickening and distortion of the valve cusps and gives
tise to lestons of which the types are the valvular atresias and pul
monary stenosts with a closed interventricular septum Examunation of
such a heart will often show 1ts true pathology at a glance although i
some cases microscopical examination may be necessary The latter 1s
often necessary 1n cases of apparent bicuspid aortic valve to separate
those which have a true developmental ongin and those which have
ansen as the result of inflammatory process The macroscopic appear
ance of the valve may be similar to that found in the chronic valvulitis
of the adult If the inflammation has resulted 1n severe stenosts of the
valve amounting to atresia there will be other changes of importance
of a secondary natute In aortic atresta there 1s hypoplasia of the aorta
and left ventricle In an aortic stenosis the left ventricle 1s hypertrophied
and dilated Scarring may be evident 1n the walls of the ventricle gwving
the endocardium a pearly white appearance Calctfication may be
present and the presence of a myocarditis 1s constantly confirmed by
microscopical examnation The subject of foetal endocarditis has been
well studied by Farber and Hubbard (1933) The influence of other
infections 1s problematical As regards syphilis which 1s particularly
criminated 1n continental schools the usual lesion 15 myocardial and
consists of a fibrous myocarditts with numerous colomes of spiro
chaetes Warthin (1911) has shown and Farber and Hubbard endorse
the view that valvular lesions are ly absent 1n
syphilis Whatever infection may be the basis of a gross anatomical
defect a certain amount of the changes in the myocardium are of a
secondary nature and may be ascribed to 2 deficient blood supply to
the heart muscle producing fibrous tissue replacement and other
myocardial lesions These changes may be observed tn aortic atresta

/
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and similarly 1n those cases where a coronary artery arises from the
pulmonary artery

SEX INCIDENCE In Abbott s (1927) series the males are i excess of
the females the ratio being about 4 3 In a serses of 300 cases (unpub
Tished) observed by Brown and Muir the females are shghtly 1n excess
of the males There are however certain pecultarities tn the distribution
of the cases between the sexes at once discernible 1f any long series 1s
reviewed Simple patency of the ductus arteriosus 1s neatly twice as
frequent in the female as in the male while the Lutembacher syndrome
(mtral stenosis and mnterauncular septal defect) appears to be almost
exclusively found tn the female The uncomplicated auricular septal
defect 1s commoner 1n the female A bicuspid aortic vilve coarctation
of the aorta aortic stenosis and atresia defects of the aortic septum
and congenital aneurysm of the right aortic sinus of Valsalva are all
much commoner 1n the male In the cyanotic groups the icidence mn
the sev(es i about equal but 1n more COmphcnted anomalies such as
thecor b lare and cor triloculare the 1n the male exceeds
that 1n the female

Congenital heart disease may be encountered at 1ny age but naturally
1s more common 1n 1nfants and young children As many cases die 1n
infancy or early childhood the number dimimishes as age advances
There still remain many who survive until adult bfe particularly mn the
acyanotic groups Some cases may attain a comparatively old age The
race to which the patient belongs does not influence the incidence as
far as can be ascertaned

Classification

Several classifications of congenital heart disease have been proposed
The 1mportance of cyanosis has tong been recogmized and 1ts existence
or non existence of 1ts occasional occurrence has been used by Abbott
and Dawson (1924) as a basis for their well known groups Therr
classtfication 1s as follows

(A) OF CLINICAL SIGNIFICANCE
1 No~ Cyanotic Grour

(1) Cases 1 which no abrormal communication exists_but 1n which
the defect may produce a mechanical interference with the circulation
ind become the seat of strain

Pericardial defect

Fctopia cordis

Primary wdiopathic hypertrophy
Congenital heart block

Anomalous septa

Pulmonary and tucuspid insufficrency
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Aortic and mitral stenosts
A lies of 1 and auricul icular cusps
Coarctatton and hypoplasia of the aorta
Anomalies of the aortic arch
Congenital artertovenous aneurysm
Anomalies of vewns and of the pulmonary artery

(2) Cases of arterial venous shunt with possible transtent or terminal
reversal of flow (cyanose tardive)
(a) Defects of the auncular septum
Persistent osttam primum
Persitent ostium secundum
Patent foramen ovale
Multiple defects
Complete defect Cor bnventriculare and triloculare

{b) Localized defects at the base of the mnterventricular septum
Maladie de Roger

(c) Patent ductus artertosus
(d) 1 ocaltzed defects of the aortic septum

(e) Congenital aneurysm of the right aortic sinus of Valsalva

II Cyanotic GrOUP
(a) Moderate Cranosis

Dextroposition of the aorta with defect at the base of the inter
ventricular septum

Complete absence of mterventricular septum

Pulmonary stenosts with closed septum

Tricusprd atresia with atrial septal defect and transposttion of
vessels

(6) Marked Cranosis

Tetralogy ot Fallat

Pulmonary atresta with ventricular septal defect

Transpositton of trunks with ventricular septal defects
(¢) Extreme Cyanosis

Cor biloculace

Persistent truncus artertosus

Transposstion with closed ventricular septum

Pulmonary atresta with closed septum
Aottic and mtral atresia
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(B) OF NO CLINICAL SIGNIFICANCE

Acardia
Dextrocardia
Dry (1937) has proposed a chinical classification based on broad
embryological grounds 1t 1s of interest and represents a new approach
to the subject
His classification 1s as follows

1 Anomalies associated with septal formation
Cor biloculare
Cor triloculare biatriatum
Aurncular septal defects
Ventnicular septal defects
Persistent truncus arteriosus

11 Anomalies assoctated with torsion of the cardiac tube and

11 A \ d with the devel of the bulbus cordis
Subaortic stenosts
Pulmonary stenosis
Transpositton of the great vessels
Tetralogy of Fallot
Eisenmenger s Complex
Anomalies of the aortic and pulmonary valve eusps

v A 1 d with the develop of the aortic arches
Persistent right aortic arch
Double aortic arch
Coarctation of the aorta
Anomalous ongin of vessels or the arch
Patent ductus arteriosus

V Dextrocardia

VI Anomalies of the coronary vessels

Sussman s (1946) classtfication has a great deal to recommend 1t as
1t was devised primanly for mdlolognszs and concerps those cases
which are compatible with hfe and th of interest to radiologist
and chinicians It does not comprise the perhaps larger group of cases
of interest to pathologists Sussman arranged the abnormalities as
follows

1 Obstruction of the Outflow Tracts
Isolated pulmonary stenosis
Aortic or subaortic stenosis
Coarctation of the aorta
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2 Intracardiac Shunts

Isolated interventricular septal defects (Roger)

Auricular septai defect

Tetralogy of Tallot

Eisenmenger s Complex

3 Evtracardiae Shunts

Patent ductus arteriosus
Arteriovenous aneurysm

4 Miscellaneous Anomalies

Posttional changes 1n the heart and great vessels (e g dextro
cardia and transposition of the vessels)

Jdiopathee dilatatton of the pulmonary artery

Congenital aortic aneurysm

Aberrant pulmonary vems with atrial septal defect

Anomaloys ongin of coronary artery with left ventricular
dilatation and hypertrophy

Congenital hypertrophy from which von Gierke s disease must
be distinguished

The clasufication of Abbott and Dawson ts mawly adhered to
throughout this work



CHAPTER 1V

THE ACYANOTIC GROUP
Pericardial Defects and Congenital Idiopathic Hypertrophy

This group compnses those cases where there 1s no abnormal
communication between the two sides of the heart The anatonucal
leston present may however be the cause of stramn or of lowered
Tesistance

The principal members of this group are those anomaltes termed by
Laubry and Pezzi (1921) left sided lestons These are aortic and sub
aortic stenosis mitral stenosis coarctation of the aorta hypaoplasta of
the aorta and anomalies of the aoruic cusps A pecular feature of the
group as a whole 1s the frequency with which the lesions may be com
bined 1n the same mdvidual les of such an assocration are
aottic and subaortic stenosis and the better known combinatton of
coarctatron and a bicuspid aortic valve

Other members of the group are pericardial defects and anomalous
bands and chordae A right sided aortic arch finds 1ts natural place
here and congenital artertovenous aneurysm 15 also mncluded n this

general group

Defects and Abnormalities of the Pericardum

HistaricaL NoOTE Absence of the pericardium was first reported by
Realdus Columbus 1 1559 but 1a all probability this was an adherent
pericardium  Baillie (1793) gives a detatled description of a case
encountered 1n the dissecting room Many of the early cases are un
d dly pl dh pericard Southworth and
Stevenson (1938) could find but fifty two undoubted cases seven of
these being monsters Stuce then cases have been reported by Dahl
(1937) Osgood and Spector (1941) Ronka and Tessmer (1944) and
Sunderland and Wright Smith (1944)

EMBRYOLOGY AND PATHOGENESIS

(1) DEVILOPMENT OF THE PLRICARDIUM
The earliest traces of the perscardium are visible 1 the 152 mm

embryo At this time the mesoderm 1s hollowed out to form the primi

tve pleural pericardial and penitoneal cavities The pericardral cavity

Jtself 1s formed by the fusion of spaces 1 the mesoderm surrounding

the heart A bank of mesoderm the septum tramsversum iatervencs

between the developing pericardium and peritoneum  and contans the

34
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developing Itner The two cavities remamn 1o communication by the
dorsally sttuated parred pericardial pentoneal canals The developing
lung buds ultimately herntate into these canals to form the pleural
sacs

At about the fifth week the pleural sacs become separated from the
pencardial and peritoneal cavities At this time the ductus Cuwiernt
comes mto contact with the pericardio peritoneal canal and compresses
1t as 1t passes from the body wall to the heart Pressure on the canal
ranes a pulmonary ridge which reduces its lumen The crantal end of
the ndge the pleuropericardial membrane 1s closely related to the
opentng between the pleural and pericardial cavities As these cavittes
enlarge the connection between them 1s reduced to a mmute foramen
Closure 1s effected not only by the active growth of the cavities but
also by the combined effects of pressure exerted by the growng ductus
Cuvier and the continued enlargement of the pleuro pericardial
membrane

Sunderland and Wnght Snuth have examuned the factors which
might be held to be responstble for a pericardial defect These acting
singly or 1n combination have been summarized by them as follows

(1) The normal stretching of the pencardium cotncrdent with
enlargement of the heart

(2) Premature andjor abnormal enlargement of the heart which
precedes the closure of the pleuro pericardral foramen Projectron of
the heart through the opening at thus stage precludes any posstbility of
closure at a later date

(3) An abnormally large foramen not fully closed when heart and
pericardium begin to enlarge

(4) Delayed or non closure of 4 normal pleuro pericardial foramen
which 15 subsequently enlarged as the pericardium stretches to accom
modate the developing heart This arrested development may be due
to defective formation of the pleuro pericardial membrane owing to
premature obliteration of the duct of Cuvier or fatlure of the differential
growth factor which reduces the foramen between the pleural and
pericardial cavities to a minute foramen

(5) Failure of a pleuro pericardial membrane whose development
has been delayed to grow sufficiently rapidly to close a defect which 1s
being slowly ded by the ding per: the
enlarging heart

It would appear then that abnormal development of the pleuro
peticardial membrane 1> 2 key process in the genests of abnormality of
the pericardium and that a contributing factor of importance 1s the
tendency of a growing heart to maintam_stretch and even hermate
1nto an opening 1n 1ts 1 g sh ath The pred of abnor
mality on the left side 15 due to changes 1n the duct of Cuvier and
enlargement of the heart to the left

D




N

36 CONGENITAL HEART DISEASE
PATHOTOGY Abnormahities of the pericardium can be disided into
distinct groups
(1) Complete absence of the parietal pericardium the heart and left
lung occupying a common pleuropericardial cavity 76 per cent of
cases (Southworth and Stevenson)

( ]
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TREE EDGE
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Fic 11 Deficient pencardium and pleuropenicardial cyst
Male aged 49 (Mr N R Barrett s case)

(2) A defect or foramen between the pericardium and left pleural
cavity the heart occupying the pencardial sac 24 per cent of cases

{3) Complete absence of the parietal pericardium  the heart lysng in
1ts normal mediastinal position Probably never occurs (Southsorth
and Stevenson Sunderland and Wnight Smith) The reported cases are
in all probability examples of adherent pericardium It has been
described 1n dogs by Schlotthauer and Stalker (1936)

pencardral defects may be associated with defects of the heart or
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of other viscers or occur in monsters The defect 15 three times
commoner 1n the male than in the female

The heart may be normal 1n size but 1n about half the reported cases
1t was enlarged 1n some cases owing to hypertension valvular or
other disease In other cases enlargement may be present without

Fig 12 Deficient pencardium and pleuropenicardial cyst
Male aged 49 Cyst successfully removed and patient
good health (Mr N R Barrett s case)

adequate explanation The left of the parietal pericardium 1s almost
mvanably involved the extent of abnormahty varying from a small
foramen to a virtual complete absence of the left leaf In the case of
Sundertand and Wright Smuth the remaining pericardium presented a
free margmn runnmg transversely actoss the heart leaving the anterior
surface manly uncovered A similac example 1s the unpublished case
of Barrett (figs 11 and 12)

CLINICAL PICTURE  Absence of the pericardium or a part of 1t rarely
gives mise to clinical sipns and symptoms and discovery of a case has
generally been fortuitous or in the post mortem room Ladd (1936)
encountered the defect during the repair of a diaphragmatic hernsa 1n
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a child of 2 Dahl (1937) produced a pneumopericardium during the
establishment of a pneumothorax and thought that a pericardsal defect
was the only explanation Maude Abbott (1927) considered that diag
nosts should not be impossible on the basts of the increased mobility
of the heart 1ts occastonal hypertrophy without apparent cause and
1ts frequent displacement to the left Dusplacement to the left without
displacement of the trachea can nghtly be considered as a diagnostic
pointer

Certun complications are of 1mportance 1n that they may lead to
death Herniation of the heart may occur through the defect and
stranguiation ensue Such cases are those of Boxall (1887) tn a woman
who dred three days after delivery with symptoms thought to be due
to pulmonary embolism and the case of Sunderland and Wright Smuth
where pressure on a coronary artery by the firm edge of a defect was
the cause of death 1 a child of two years Another risk 15 exposure of
the heart to pulmonary infectton with pleuropencarditis 4 cause of
death 1n about a quarter of the cases A part of the liver may herniate
mto the perscardial sac through a diaphragmatic hernia (Gross 1946)
Although rare such cases are of importance because of the possibility
of surgical cure

ProGnosts Southworth and Stevenson (1938) concluded that the
anomaly had no appreciable influence on life expectancy and found
that ages at death ranged from birth to 75 years with a mean when
mfants under one year are excluded of 43 9 years Abbott gives 45 years
as the average age at death

(2) DIVERTICULUM OF THE PERICARDIUM

Historicar The first case appears to have been that of Hart {(1837)
who showed a spectmen with a diverticulum in the anterior mediastt
mum which communicated with the percardal cavity Hird (1848)
displayed to the Westminster Medical Society a diverticulum of the
night side of the pericardium Peacock (1866) mentions Bird s case and
another in the museum of §t Thomas s Hospital

This condition 1s even rarer than a pericardial defect The leston
consists of a protrusion of the panetal pericardium so that a cyst ke
structure 1s formed This may become sealed off and even Increase in
size It may be assocated with inflammatory disease of the pericardium
and a rise mn Intrap I pressure p to the di
Some cases arc however developmental but tn older patients
where the possibihity of mflammatory dssease c:innot be excluded
the unreserved e of a desel

ible

‘mlg?\s:rtt’lcula may anse from any part of the parictal pericardium  but
they are most common on the night stde The diveruculum may be
quite sealed off or may communicate with the pencardial cavity

origtn 15 often
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by means of an ortfice of varying size or even by a long tubular neck
There are no symptoms in the great majority of cases but i the case
of Cushing (1937) a swelling was noted on the front of the chest Most
often the condition ts found when X ray examination of the chest 13
undertaken for pulmonary or cardiac disease It 1s thus of impartance
because 1t enters into the differential diagnosis of aneurysm or

mediastinal tumour
Radiol. 1 discl

2 a rounded tumour intimately
associated with the heart border and pulsatton 1s present This can be
clearly demonstrated with the radiockymograph and other radiological
methods (Ernst 1935 Kembock and Weiss 1934 Arnlaga Donovan
and Taquent 1938) Cushing (1937} injected air 1nto the diverticulum
and this entered the pericardim

Unless there are pressure symptoms there 35 no obvious need for
surgical extirpation

(3) Ectoria Corpis Ectopia cordis 15 considered here owing to the
frequency with which 1t 15 allied to a defect of the pericardium Ectopia
cordis refers to that state where the heart lies completely or partially
outside the thoracic cavity erther on the surface ot 1 the abdominal
cavity The condition 1s relattvely rare and hellet (1936) found nmeteen
cases (n the literature This 1s a fow figure for Roth (1939) was able to
collect 116 cases and Byron (1948) 141 cases The anomaly 1s so striking
that few cases are ltkelv to have rematned unreported

Several types of ectopta may be recognmized dependent upon the
position of the heart In the cervical type the heart ltes 1n the neck
above the suprasternal notch and the sternum may or may not be
fissured In the pectoral type the heart lies on the front of the chest and
the sternum 1s fissured or defective or may be practically absent In a
few cases according to Wedd (1929) the sternum may be normal
except for a foramen through which pass the great vessels to and from
the heart There 1s 1o covering by skin or other tissue In the abdommnal
type the heart passes through a defect m the dtaphragm to reach the
abdomunal cavity It may remam entirelv intra abdommal or 1t may
appear on the surface of the body below the xiphoid cartilage and above
the umbilicus Other types have been recognized and are combinations
of the above

In the early stages of development the heart 1s subpharyngeal and
1 relation to the mandibular arch until about the fifth week Subse
quently 1t becomes thoracic and the commonest type of ectopia 1s then
related to defective development of the sternum Whether the defect
of the sternum ts a primary event and the ectopra a secondary
phenomenon or whether the reverse 1s the case and adhestons between
the heart and amnton cause ectopta are matters for speculation The
longitudinal axis of the heart 15 generally abnormal and frequently the
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apex points tovards the chin and the base towards the abdomen so
that the normal anterior surface of the heart comes 1n contact with the
chest wall The pericardium 15 generally defective and frequently
absent In the cervical heart the penicardmum 15 always absent In some
cases of pectoral type the heart partially 1ssues through a defect of the
sternum and has the appearance of a pulsatile hernta covered with
skin or may even be without any covertng Where the heart 1s without
coversng inflammatory changes rapidly set 1n and lead to speedy death
Other cardiac anomaltes may be associated as well as bodily deformuty
The tetralogy of Fallot was present in Byron s case The male sex 1s
rwost frequently aflected Death generally occurs eatly but a case of
Foy (1910) where there was only a small sternal fissure hved to the
age of 37 before dyrng of cardac failure

Attempts at surgrcal treatment have so far been without success
Cutler (1925) found no room in a chest v here the tissues had become
accommodated to the abnormal state and could only cover the heart
with skin flaps under too great a tension Byron s (1948) attempt was
unsuccessful  Probably the only surgical approach would be an
attempt to cover the heart with a pedicle graft

Rhabdomyomata

Fifty cases of this condition have been reported and have been
summanzed by Labate (1939} The rhabdomyomata are prumary
tumours of the heart Superficially their structure may resemble the
Purkmnje tissues but there 1s no connection with them The tumour
hustologreally consists of large embryonic muscle fibres of greater
drameter than tn the normal heatt muscle fibre and large vacuoles are
present in the mdivadual fibres Glycogen granules may be demon
strated 1n the vacuoles by appropriate methods Stnation may be
wistble at the marg of the fibres The types of rhabdomyomata are
(1) solitary (2) multiple (3) duffuse The multiple type 1s olten assoct
ated with tuberose sclerosts and adenoma sebaceum (Yater 1931
O Flynn and Mackay 1937 Labate 1939) The diffuse type where atl
of the heart muscle may be replaced by rhabdomyoma fibres 1s identrcal
wath the glycogen disease of von Grerke which furqishes many examples
of the so called 1diopathic hypertrophy of the heart

Although rhabdomyomata occur most commaaly in young peop's
therr occurrence 1n the seventh decade has been observed by Bradley
and Maxwell (1928) The nahed eye appearance ts of single or multiple
rounded masses Jying 1 the ventricular wall and projecung euther from
the external surface of the heart or nto one of 1s cavittes A heart
cavity may be almost completely filled Reeves and Michael {1936)
describe tupture of the heart at the site of the tumour In general the
chnical effects of 3 rhabdomyoma depend upon its poston and if it
obstructs a valvular onfice death may be carly
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Cong 1 thic Hyp phy of the Heart

The first case was reported by Simmonds in 1899 and since then
about eighty ssmifar cases have been described mainly on the basts of
an enlarged heart occurring ininfancy The work of Stoloff (1928) and
kugel and Stoloff {1933) and later hugel (1939} has led to the ehmt
nation of more than two thirds of the cases ongnally described 1n
this group

The ferm 1dsopathic hypertrophy of the heart was at first applied to
a massive enlargement of the heart occurring in nfants and young
children Such a definition 1mplies that there should be no recognizable
etialogy 1f the term idiopathic 1s to be retained The wnork of Kugel
and Stoloff by analysts of fifty two cases revealed that there were only
fifteen cases to which the term 1diopathic might be applied The
remaning cases all presented gross anatomical malformation capable
of producing hypertrophy or nucroscopreal evidence of nflammation
and degeneration and thus are properly excluded from thits group It
15 not 1mprobable that these numbers will be further reduced when
cases presenting a large heart are subject to detaled and ertical
examinatior

Kugel s (1939} classification of the causes of enlargement of the
heart 1n nfants and young children is of mnterest and value He lsts
the following conditions

(1) Congemtal defects
g(ﬂ) Heart

(b} Cororary arteries
{(c) Aorta and pulmonary artery
2) Infections
((a) Rheumatic fever

(6} Fiedler s myocarditis
(¢) Peniarteritss nodosa

Unknown eticlogy

() Diphtheria
(b) Scarlet fever
Known etiology {c) Subacute bacterial endocarditis with
i valve defect
{d) Syphilis
(3) Anaemtas
{4) Syndrome of non dial d with

dilatation and hypertrophy

(3) Metabolic
g(a) Avitaminosts
{b) Thyroid deficiency
](c) Glycogen disease
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(6) Hypertension

In greater
crrculation

{(a) Essential

(6} Adrenal tumours

{{c) Secondary to Tenal lestons
}(a) Pulmonary lesions

In lesser arcylation 146} hyphoscolosts

(7) Tumours of heart
(8) Unclassified

To this formudable fist might be added the cardiac hypertrophy of
the infants of prediabetic mothers described by Miller (1945) Certam
of the above mentioned causes of hypertrophy of the heart in mfancy
are congenual 1a thae they exest from bith  Pompe (1933) reported ¢
case of massive enlarzement of the heart 1n a female chifd of seven
months Microscopieal examtnation of the heart showed fibres which
were enlarged and vacuolated and appropriate staining showed these
vacuoles to be filled with glycogen Sections of other organs revealed
the same condition A similar case was described by von Gierke (1929)
and he named the condition hy hromegaba gl more
frequently known as von Gierke s drsease Schmunke (1922) described
the heart of an 1nfant 1n which were present hypertrophy of its walls
and microscopical changes similar to those obsenved by Pompe He
noted the vacuoles but did not stamn for glycogen He assumed that the
fibres were embryonmic and as they were increased mn numbers he
thought the condttion to be a neoplastic one and a type of rhabdo
myoma The cases of Steiner and Bogin (1930) and Sprague Bland
and White {(1931) are also stmlar to that of Pompe although stmiming
for glycogen was not undertaken Confirmed cases of glycogen disease
are those of Deelman (1931) Putscher (1932) Antopol (1933) and
Elhis (1935) A personal case presented itself as a farlure to gain weteht
with feediny, difficultees at the age of six months The chid deseloped
pueumomta of the nght upper lobe at the age of seven months ard
X ray examunation revealed a hitherto unsuspected enlarged heart
Autopsy and micrtoscoptcal examunation resealed glycogen disease
with mvolvement of the heart and Iner (fig 13)

Other condttrons which may give rise to hypertrophy of the heart
ave those dependent wpon anatomical abnormality The most important
fype s aa anomalous origin of the left coronary from the pulmonary
artery Bland White and Garland (1933) and others bave shawn that
madequate nourtshment of the heart muscle as a result of this anomaly

leads to mvocardial degeneration replacement fibrosts and later even
aneurysmal dilatation of the heart wall In addition to the local changes
1n the terntory of the abnormal coronary astery theressawell marked
hypertrophy of the heart as a whole which 1n alf probability represents
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a compensntory mechanism This type may gine the T wave changes
n the that are d with coronary disease An
unusual type of hyperlrophy 1s furmished by those rare cyanotic cases
where both pulmonary veins enter the coronary sinus In another group
of cases, stmilar to that of Cathala (1926) hypertrophy was attributed
to hypoplasia of the chromaflin system placing the cases 1n the cadre
of the myocardie of Laubry where failure may suddenly take place
1n the absence of any valvular Jeston and the microscopical appearances

FiG 13 Heart muscle 1 von Gierke s disease Marked vacuolation
of muscle fibres

are those of pure hypertrophy Awvitaminosts of ber: bert type may be
the background of other cases Rosen s (1943) case revealed at autopsy
the stigmata of congenital syphulis There was sclerosts of the pulmonary
vessels as a cause of the cardiomegaly This case suggests the advis
ability of serol 1 tests in these for treatment might well
have had beneficial results
A new comer to this field 1s the cardiac hypertrophy and extra
medullary erythropotesis 1n new born infants of diabetic or pre-
diabetic mothers described by Miller (1945) Recognition of these cases
presents difficulties TIncreased birth weight normoblastaemta and
c:\rdlac hypertrophy are pomters le diagnosis  Cyanotic attacks
and The heart returns

to a2 normal size within thc first or second month and cardiac and
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respiratory symptoms do not persist beyond the first few days in
contrast wath hypertrophy due to other causes

Despute the rapidly narrowing field of rdtopathic hypertrophy there
still remains  certam number of cases Where microscopical examnation
has shown no abnormality other than an sncrease 1n the number of
fibres Examples are those of Moncrieff (1929) and Debré and Busson
(1931) A fanuhal tendency or congenttal weakness of the germ plasm
has been discussed by Sprague Bland and White (1931)

Fic 14 Radrograph of chest of seven months female
nfant showing enlargement of the heart Autopsy
showed glycogen discase

CLINICAL PICTURE The clintcal picture will to some extent depend
upon the underlying pathology The usual history 1s that of a child
born at term and 1s apparently normal for some weeks or months
before symptoms appear Occasionalfy symptoms may be apparent
from the first day of life The t P are and
cyanosts although an abrormal pallor has been noted 1n some cases
{Debre and Busson 1931) Dyspnoea may be paroxysmal or con
tinuous and cyanosts may only be evident during a paroxysm Stridor
may be present and the Jower ntercostal spaces may be sucked m with
spiratory efforts Cough 15 often present and may resemble whooping
cough (Stolofl” 1928) Examination of the chest shows tmparrment of
resonance on the left side with 2 dummsbed arr entry 1nto the left base
due to compresston of the left bronchus In Stephenson s case reported
by Abbott there was hoarseness from pressure on the left recurrent
laryngeal nerve atelectasts and also dysphagia and obstruction to the
passage of a feeding tube

A rapd heart rate 1s generally present with sounds of poor qualtty
Murmurs are often absent although a soft blowing systolic maemur
has been described A gallop rhythm mav be present

Sometimes clinical exammation of the chest 1s negative and a routine
~ ot memination Ay Furnish the first evidence of the massive enlarge
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ment of the heart The insidious onset and possibly vague early symp
toms conspire to make this one of the most infrequently climcally
recognized abnormalities Anomalous origin of a coronary artery is
moare fully discussed on a later page

RADIOLOGY The heart 1s massuvely enlarged to the left and night and
vertically On the left side the heart may appear almost to fill the left
chest The discovery of enormous hypertrophy 1 an tnfant showing

p of dysp and cyanosis 1s ads di It at once

FiG 15 Electrocardiogram from same case as fig 11
at eleven days and seven manths Note the physio-
Iogicaf change 10 axis deviation.

suggests that children with these symptoms should always be examned
radologeeally for by these means evidence 1s sometimes obtained that
may be clinically lacking A case of glycogen disease 11 an infant 1s
shownm fig 14

ELFCTROCARDIOGRAM The electrocardiogram has been taken 1n a
few cases In all cases reported there has been a tachycardia of sinus
ongin Stoloff s case showed low voltage and shallow T waves There
was normal axis deviation 1n the case of Sprague Bland and White
Inversion of the T waves suggests an abnormal ongin of the caronary
artenes (Bland White and Garland) A personal case of glycogen
disease showed nght aus deviation at eleven days and normal axis
deviation just before death at seven months (fig 15)

Course AND ProGhosis This naturally depends upon the basic
course of Once hyve appeared the general
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course 1s downwards and death usually results from pulmonary
fection and broncho penumomia Some cases have died of failure
with oedema Death usually occurs within the first year although Iife
may be prolonged to the age of four

Cardiac Aneurysm

A few cases of cardiac aneurysm have been attributed to congenital
developmental defects The condition 1s mentioned by Abbott (1927)
1n reference to a 24 month old child with congemtal syphilis with an
aneurysm at the apex of the left ventricle In a second case there was a
pulsating mass of tissue passing from the apex of the left ventrcle
through a defect of the diaphragm to form part of an umbilical hernia
Ungerlerder and Gruber (1945) mention an aneurysm of the left ventricle
mn a gl of 15 thought to be due to abnormality of development of the
muscle bundles Cardtac aneurysm may also occur in association with
abnormal onigin of the left coronary artery from the pulmonary artery
as for example 1n the cases of Sanes and Kenny (1934) and Linck
(1936) Bland White and Garland (1933) collected erght similar cases
from the literature It should be h d that 1n late childhood and
adolescence 1t 1s possible for an aneurysm of the heart to result from
necrosis of cardiac muscle due to rheumatic carditis (Parkinson
Bedford and Thomson 1938 Burn Hollander and Crawford 1943)

The abnormality will generally be recognized by tts radiological
picture of a bulge on the left cardiac border giving the heart a square
ippearance with a shell Iike superior border Paradoxical pulsation
mav be detected on screen exammation the affected area expanding
when other parts of the heart contract 1n systole The reported cases
have 1 some mstances been associated with abnormal electrocardio
grams These changes are not specific and are similar 1n type to those
found 1n cases where a left coronary artery anses from the pulmonary

artery




CHAPTER V

AORTIC AND SUBAORTIC STENOSIS

Acrtic Stenosis
Stenosis of the aorta may occur at the valve at a point distal to the
msertion of the ductus arteriosus {coarctation) and rarely near the
bifurcation of the aorta A further type of stenosts ovcurs provmal to
the valve 1n the aortic conus A generalized narrowing of the aorta
associated with hypoplasia and increased elasticity of 1ts walls 1s
termed aortic hypoplasta Whle this latter may be a primary anomaly
1t 15 most often associated with other congenital defects
The types of aortiv stenosts may be classified as folfows
(1) Valvular stenosis
(@) Developmental
(b) Inflammatory
(¢) Pure aortic stenosis {Gallavardin)
(2} Aortic atresta
(@) Inflammatory
(b) Developmental
(3) Subaortic stenosts
(a) Developmental
{6) Due to hypertrophy of the tissues of the aorfic conus
(4) Stenosis of the aortic isthmus
(5) Stenosis of the aorta distal to the 1sthmus
(6) Hypoplasia of the aocta
Aortic atresia 1sthmus stenosts and stenosts distal to the 1sthmus are
considered under anomalies of the aortr. arches (page 56)

VALVULAR AORTIC STENOSIS

Parsocenesis The aortic valves are evolved from the proximal ends
of the distal bulbar swellings This event occurs 1 the seventh week
at about the ume that the septa are clostg and 1 practice 15 com
paratively rare to find defects of the mterventricular septum associated
with this type of stenosis A second and commoner type 1s due to an
endocarditis of the aort vaives after the septa have closed this con
dition being the homologue of pulmonary stenosis with a closed septum
Farber and Hubbard (1933) have coll cted five such cases n which a
foetal endomyocarditt d to be ble for a valvular aortic
stenosis A special type of valvular aortic stenosis described by Galla
vardin {1936) and others as pure aortc stenosis and presumably due

47
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o an infective process of early ongin and unknown etiology 1
discussed elsewhere (page 49) -

ANATOMY The valve cusps are thickened and may be fused together
to form a diaphragm wath a central opening Vanations 1n stze and
number of the cusps may occur and sclerosis in these abnormal cusps
leads to obstruction Calcification may occur 1 the thichened cusps
and there 1s the same liability to infective endocarditis 4s evists 1n other
forms of congenital valvular anomaly There 15 some degree of left
ventnicular hypertrophy proportional to the degree of valvular
stenosts  Distal to the obstruction the aorta may be dilated The
explanation of this 1s obscure but 1n all probabihity the dilation 1s due
to a hypoplasic aortic wall As indicated above the possible onigin by
nfective process after the septa have closed makes associated cardiac
abnormalities rare and the presence of an interventricular septal
defect 15 most uncommon On the other hand other defects of the
aorta or aortic conus may be comcrdent Subaortic stenosts coexisted
with valvular stenosis m the cases of Smart (1904) and Shennan (1908)
with disease of the mitral valve 1n those of kockel (1908) and Farber
and Hubbard (1933) Some of these cases must support the concept of
an inflammatory origtn of subaortic stenosts Hypoplasta of the aorta
1s frequently present and 1s a comparable finding to the aortic hypo
plasta of mutral stenosts of standing

CLiNIcAL PICTURE The subjects of aortic stenosis may be of small
statute and the occurrence of dwarfism 15 well recognized in this
condition Pallor 1s common and has been attributed to artenal
depletion However 1n those cases where stenosis 1s shight these signs
may be mimmal Symptoms are relatively few and the abnormality
may be entirely latent and only discovered at a routine physical
examnation at school entrance or for military service

The physical signs are striking The heart 1s shghtly enlarged and
the apex beat forcible Usually there 1s a systolic thrill at the base and
to the nght of the sternum The thnll may be felt i the carotids
Absence of a thnll need not mvalidate diagnosis A harsh systolic
murmur may be heard over the praecordium with maximum 1ntensity
1n the second right space Localization of thnll and murmur at this
site 13 characteristic of aortic obstruction The murmur 1s transmitted
along the subclavians to the axilla and may be heard n the neck and
back The second sound tends to be duminished or absent A pulsus
tardus 15 present and the blood pressure 1s low Correspondingly the
pulse 15 small and may be difficult to feel The contrast between a small
pulse and rather forcible apex beat 15 a very suggestive and valuable
sign of aortic stenosis In a few cases a diastolic murmur of aortic 1n
competence may be heard along the left sternal margin Despite th:sc
signs dragnosts may at times be difficult Evans and Lewes (1943)
reported a carotrd shudder n those cases where aortic incompetence
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accompames aortic stenosis Detectable over the carotids at the heisht
of systole there 1s a momentary visible quiver or vibration This sign
may be recorded with the polygraph and occurs at the height of the
up stroke  Polygraph examunation is also of use 1n those cases where
aortic stenosts 1s uncomplicated by incompetence and identical tracings
are obtamed This may cast doubt upon the specificity of the carotid
shudder although as a vistble phenomenon 1t may occur solely in the
combined lesion Gnshman Steinberg and Sussman (1947) find a
characteristic arterial pulse with slow rise anacrotic notch systohe
vibrations and systolic plateau This however occurs m both aortic
and subaortic stenosts and 1 aortie stenosis with incompetence

Rabrorocy The general appearance of the cardiac sithouette
corresponds closely with that found in other types of aortic discase
There may be slight or moderate hypertrophy of the left ventricle The
ascending aorta 15 often dilated and the aortic knuckle small and
mnconspicucus

ELECTROCARDIOGRAM The electrocardiogram shows normal or left
axis deviation Evans (1948) states that a night axs deviation 15 some-
umes present

COURSE AND PROGNOSIS Apart from the special risks of an infective
endocarditis involving the valve cusps the subject 15 exposed to the
same risks as other types of aortic stenosis Syncopal attacks may
occur on exertion and 1 older subjects there may be pawm of angual
type provoked by effort There 1s a distinct hability to sudden death
particularly 1n cases with calesfied aortic cusps There 1s some tendency
1o the devel of pul v tubercul

The Iesion 1s frequently well tolerated and no symptoms may occur
to draw attention to the heart The discovery of a heart lesion may be
purely accidental  Although the cond appears to be patibl
n many cases with a reasonably normal life 1t 1s wise to restrct
activitigs 1 relation 10 exercise or tasks that involve considerable effort

The average age at death in Abbott s (1931) sertes was 3 75 years
with an extreme of 24 years Undoubtedly cases survive beyond this age

PURE AORTIC STENOSIS
(Syn Retrécissement aortique pur non rheumatismal - Gallavardin )

A brief account of this Iesion 15 given because 1t 15 held by some to
be of congenital etiology

DerINITION Stenosis of the aortic valve ansing 1n wnfancy as the
result of an unknown nfection (Gallavardin)

The greatest number of these cases are 1n males while 1 the
theumatic 1nfection the chief incidence of aortic valvuhtis 1s 1n the
female Although nothing 1s definitely known about the etiology of
these cases 1t 15 tolerably certam that they bear no relation to either
syphilig ! or th The pathol l process 1s a
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sclerosing endocarditis of the aortic valve This may arise m foetal Ife
m a similar manner to the foetal endocarditis that determines a pul
monary stenosts with a closed septum It may possibly arise mn early
post natal fe If 1t 15 accepted that the lesion predommantly arises 1n
foetal life 1t must then be classified as a congenital abnormality The
designation pure relates to the absence of aortic mncompetence
Gallavardin contends that pure aortic stenosis 18 a guarantee of 1ts
non rheumatie etiology as rheumatic aortic stenosis 1s nvartably
d by aortic The post mortem features are

thase of sclerosts and scarring of the aortic cusps

CLiNicAL PICTURE Symptoms are shght or entirely absent the dis
covery of a heart leston being often purely fortuttous The sympto
matology depends upon the degree of stenosis present In severe cases
there may be infantiltsm of the Loram type Syncope and angina of
effort may occur Infective endocarditts may nvolve the stenotic valve

The physical signs are those of other types of aortic stenosis A
systolic murmur and thnll maximum in the second right space with
conduction of the murmur into the vessels of the neck 15 charactertstic
The pulse 15 small and the blood pressure low In 28 per cent of
Gallavardin s cases a diastolic murmur was present but was un
accompanied by the major peripheral signs of aortic mcompetence

RApIOLOGY The X ray shows lowering of the apex and rounding
of the left ventricle proportional to the degree of stenosis present The
ascending aorta 1s dilated

ELECTROCARDIOGRAM The electroc irdiogram shows normal or feft
axis deviation

COURSE AND PROGNOSIS The lesion 1s well tolerated 1n young subjects
and may not give rise to any symptoms The lesion 1s compatible wath
long hfe (Gallavardin}

To the British observer 1t would appear to be acadenuc to segregate
this group of cases from what are generally accepted as cases of true
congenital aortic stenosls

Subaortic Stenosis (Svn Infundibular subvalvular steposis)

Subaortic stenosts consists of a narrowmng of that part of the left
sventricle situated immediately below the aortic cusps

ETIOLOGY AND PATHOGENESIS This abnormality 15 admirably
explamned on embryological grounds as its site 1s 1 that part of the
left ventricle which 1s dernved from the bulbus cordis the rest of the
ventricle being dernved ffom tite prigmieve semiacke Novmally the
wmayat portion of the bulbus cordis 15 incorporated in the right ventricle
to form the conus of the pulmonary artery It largely disappeats of
atrophies 1 the left ventricle but a small portion contributes to lh;
formation of the upper part of the mterventrcular septum F«:Iun:;\)
this process of atrophy leads to subaoruic stenosis Its homologue 1 the
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night séntrile 15 conus steposis of the pulmonary artery As the bulbus
contrsbutes to the formation of the upper part of the septum 1t fallows
that other abnormahties may be assocated with subsorie stenosis
These are aorhic valvulsr stenoss { double aortic stenosis)  becuspid
aorti valves defects of the mtenentricular septum and hypoplasts of
the aorta Coarctatian was present in the cases of Pilod and Hugonot
{1926 and Stewart and Bellet £1933) Sometumes the stenosis may be
so severe as to amount to Aresia This 5 exceptianal and when 1t
oucurs a defect of the mtenentricular septum hvpertrophy of the right
ventncle and s patent ductus arteriosus are present fure muscular
hypertrophy of the upper part of the mterventricular septum has been
described as a congenntat conditron
In addwion to subaoriic stenosts of purely devclopmental ongn
there are some acqutred types which should be considered as these
may be attnbuted 1o fostal endocarditis Thus there are those cases
seported by French authors of subaortic stenosis with mitral stenosis
Two onguns of these cases are possible Either extenston of a rhen
matie mitral valvulttis to the subaortic endocardium so that 2 sub
aortie shelf 1s formed (Vulpian 1868 Liouville 1863) or a thickened
aorti cusp of the mutral valve may extend into the ventricular vavity
below the aortic valve as in the case of Lemterre and Bernard (1925)
In ether cave calufication may owcur Museulsr hypertrophy of the
upper part of the septum sufficient 10 narrow the aoric conus 15 seen
1 advanced hypertension ind 1n lesions causing, cancentsi hypertrophy
of the ventricle
Anatony The site of the leston 15 five to ten mullimetres below the
aoruic cusps Usually 11 takes the form of a collar of hibrous tissue
encirchng the aortic conus ind continued on to the antericy cusp of
the wutral valve (fig 16} The case of Chrtian (1933) showed 2 mem
branous structuse with 4 small openng Thus a diaphragm may be
formed or else the lesion may be stmply a crescentic fold of hbrous
tissue of of endocardsal thichening Microscopnal exammation of the
{esion has shown that 1t larpely consists of elsstic tissue copinuous with
the subendocardial elastic fissue of the hert (Wi lesworth 196
This constitutes very strong evidence of a congenstal onigin and renders
doubtful any possible mflammatory or mechanical ongin  Whatever
fosm the lesion mav take it 1s liable {0 become the seat of an infective
endovarditis or ta become calefied
Occasionally there coexists a stenosts of the aortn vahe the con
dition then being referred to as double aortic stenosty (Smart £904
Shennan 1908) With the onset of infectnve endovardits the zartic
cusps are frequently mvolved as i Chnstian s cce and i a lesser
number of cases the subaortic leston Hypoplasia of the aortig wall is
commonly present and mn hfe there may be dilatatson of the aotta
distal to the leston
£
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CLINICAL PICTURE Subaortic stenosts of atself does not as a rule
offer any very sertous obstruction to the egress of blood from the left
ventricle Except 1n the severest deformities the penipheral signs of
aortic stenosis may be lacking Cases do not show the same tendency to
dwarfism or under development that 1s presented by valyular stenosts

The fesion may be entirely latent and only discovered at a routine
school medical examination or when hife assurance 1s contemplated
In later years the significance of the finding may be overlooked and the

FiG 16 Subaortic stenosis tn a young female who died

suddenly whilst cychng A shelf of fibrous tissue

stretches across the aortic conus M_severed cusp of
mitral valve A aorta ta lefl auncle

signs nterpreted as those of acquired disease In the severe degrees of
subaortic stenosis there may be shortness of breath on exertion and
children with the lesion may not be as energetic as therr fellows In
some of the recorded cases there has been precordial patn on exertion
and 1n a few cases convulsions have occurred these latter being
attributed to transitory cerebral anaemi2z Such symptoms would
appear to be far more likely 1 the valvular type of aortic stenosts
The heart may be normal 1n size or shightly enlarged enlargement
being dependent upon the severity of the leston and upon the presence
or absence of other defects A systolic thrill may be felt diffusely over
the praccordium but 15 usually localized to the base of the heart It
may be felt over the supraclavicular fossae and n the episternal notch
The thrill 15 of maximum 1ntensity in the first and second night spaces
Muller (1924) suggested that the position of the thnill vaned with the
posttion of the patient and that when recumbent the thrill was defl
nitely most perceptible at the base In the upnght position the thnll
was more often apparent at the apex The apex beat 1s forcible A loud
harsh systolic murmur occupying the whole of the systole and widely
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heard over the heart 1s maxtmum in the second nght space The bruit
1s chatactenstcally teansmutted aloag the great vessels Such conduction
of & murmur comparable to that obsened tn valvular stenosss 1s very
suggestive of a leston of the aoctic tract The aorue sccond sound I
normal and unaltered

An expertence of forty three cases for the mast part wm chuldren and
young adults suegests that i about 2 thed of the cases despite the
obvious physical sigrs of aortic stenasis the pulse appears to be normal

F10 )7 Mal. aged 14 presenting typical signs of sub-
apstic sienosis The gorta 18 further 1o the nzht than
normal and the aortsc knuckle 15 small

and the blood pressure not necessanly low This view 1s shared by
Young (1944) who recognzed twelve such cases 1n soldiers between
the ages of 19 and 30 who were accustomed to severe exertion and
symptamless

More often the pulse rate 1s small and the blood pressuse low The
polygrapluc exammation reveals a pulse of similar characters to that
of aottic valvular stenosts munly a slow rise anacrotie notch systolic
vibrations and a platean

Rapiotocy The radwlogical picture may be typical of that of aottic
stenosts from any cause The general pieture 15 of increased convetaty
of the left ventaicle a small aortic knob and a dated ascending aorta
(fig 17) There 1s no change 1n the pulmonacy arc 1 uncomplicated
cases

ELECTROCARDIOGRAM The electrocardiogtam shows normal or left

axis deviation A normal a<is 1n no way excludes subaertic ov indeed
aorhic stenosis (fig 18)
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DiaGnosis Diagnosis from other forms of aortic obstructive lesions
may be a matter of considerable difficulty It may be sard that there 1s
no single pathognomuc sign of subaorlic stenosts which serves to
dsfferentiate 3t from stenosts of the valvular type

Grisham Steinberg and Sussman feviewing twenty three of then
cases could find no distinguishing siga between the two conditions A
diastolic murmur 1s perhaps more sugge tive of aortic valvular stenosis
but Walsh Connerty and White (1943) have found a diastolic musmur

FiG 18 The electrocardiogram 1n five children with signs of
subaortic stenosts

1n a case of subaortic stenosts with 2 bicuspid aortic valve Pomts in
favour of a subaortic stenosts are knowledge of a heart lesion since
infancy an absence of any constderable enlargement of the heart
marked contrass begween the physeal szas af aactic abstruction and
the normal well being and development of the wubject and a normal
unaltered aortic second sound Absence of a rheumatic history m a
ect below the age of 20 together with the absence of other valvular

act should also favour a con
hod of angiocardiography wil

suby)
Jesions or gross enlargement of the he:

genital etiology Perhaps the newer met!
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ultimately furnish the most reliable information and permut certain
diagnosts between the two conditions

COURSE AND PROGNOSIS Subaortic stenosts 15 a relatively benign
lesion many cases being entirely symptomless and thus overlooked
The abnormality may be compatible with a normal Iife span the
maximum age at death 1n Abbott s series being 58 A patient of Stein
berg {1933) lved to the age of 77 Gushman et al {1947) and Young
(1944) consider the progrosis ta be rather poor The chief danger ts
1nfecttve endocarditis which can occur at any time but 1t 1s more
frequent 1n the second and third decades Syncopal attacks and sudden
death may occur with no lesion other than the stenosis There 1s some
evidence that there 1s an d liability to p y

CONGENITAL  AORTIC INCOMPETENCE The eustence of aortic
1ncompetence as a congenital abnormality 1s extremely rare and White
(1944) 15 of the opinton that no such case has so far been reported
There are however certain congenital condittons i which aortic
1ncompetence may occur Complete absence of the aortic valve 1s
mentioned by Abbott (1927) Aortic incompetence has been found with
breuspsd aortic valves but mfrequently unless there has been added
nfection of the valve It also occurs with fenestrated valves Froment
Bertoye and Perreaw (1947) reported an 1acompetent quadricuspd
aortic valve 1n a man of 65 Incompetence may coexst with congenital
aortic stenosis and occasionally in subaortic stenosts An isolated
interventricular septal defect may occasionally develop deformuty of
an aortic cusp with resulting mcompetence In the cyanotic group the
large dextroposed aorta of the Fallot has been occasionally accom
pamed by incompetent valves Likewise Taussig and Semans (1940)
have noted incompetence 1n an Eisenmenger complex with coarctation
and 1t can occur with congenital aortic aneurysms It appears that
aoruic 15 probably dingly rare as an 1solated con
genital abnormality and that when present 1t 1s most often accompanied
by other congenital anomalies of the heart and aorta which have been
subjected to either strain or mfection
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CHAPTER VI

CONGENITAL STENOSIS AND ATRESIA
OF THE AORTIC ARCH

The vartous anatomical types of stenosis and atresia of the aortte arc
(fig 19) have been classified by Evans (1933) as follows

(1) Stenosis of the arch with hypoplasia of the proxtmal aorta Pates
ductus artersosus
(2) Stenosts of the arch with hypertrophy of the prouimal aorta
Ductus artertosus closed
(3) Congenutal atresta of the distal part of the arch Hypertrophy o
the proxmmal aorta Ductus arteriosus closed
(4) Interruption of the aortic arch m its distal portion Hypoplasta
of the proximal aorta Ductus artertosus widely patent and
continuous with the descending aorta
(5) Congenztal atresia of the proxumal part of the arch Patent ductus
arteriosus
{6) Absence of the ascendtng aorta Ductus arteriosus patent
To these may be added for the sake of completeness
(7) Stenosts of the aorta distal to the 1sthmus
Types (1) (2) and (3) correspond 1n broad terms with those cases
g lly cl d as of the aorta and their distinction
depends upon the degree of stenosts and status of the ductus arteriosus
Bramwell (1947) suggests a ) 1on of this cl. b;
dividing the six types mnto three groups Group ! would comprise
Evans s type (2) and {3) 1n both of which the ductus s ¢losed Group 2
ncludes Evans s type (1) and (4) both of which are characterized by a
hypoplastic proximal aorta and a patent ductus artersosus Types (5)
and (6) form a third group where the patent ductus artersosus 1s the
only channel between the heart and aorta the ascending aorta being
occluded or absent From the point of view of prognosis the expectation
of Itfe 1s poor m group 2 and m group 3 cases never survive mfancy
Expressed 1n other terms the members of groups 2 and 3 have the
fanttle type of coarctation which 1s often accompanied by other
grave errors of development whereas in group 1 which compn'ses the
adult type of grave develop 1 cardiac are
uncommon From the embryologtcal point of view group 115 con
cerned with abnormality or arrest of development In the region of the
junction of the fourth and sixth pnmitive arches The remaining types
Tesult from abnormal development of the truncus arteriosus and con
56
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ty other such as ot the vessels
pulmonary atresia or hilocular or trlocular heart may be present
On chnical yrounds only the adult type of coarctation 1s tmportant
and capable of positive recognition daring ife

5 1

STENOSIS OF THE AORTIC IsTHuUS COARCFATION OF THE AORTA

DerInTION Stenosts or oblieration of the arch of the aorta at a
pomt distal to the ongin of the left subclavian artery and at or
adjacent to the site of nsertion of the ductus arteriosus

' 2 3

Fi 19 Types of coarctation of the aorta (After Evans } { Narrowng
of the 1sthmus and ductus artersosus patent 2 Narrowing of the tsthmus
ductus closed 3 Oblitesation of the rsthmus dyctus closed

HISTORICAL NOTE The fiest hint of a case of coarctation comes from
Morgagni {1760) who discussing 2 post morien obsetvation stated
that the a2orta was contracted to an amazing narrowness near the
heast  Pans (1791} described the cotlateral It m the first reafly
authenticated vase of coarctation Mecket (1827) furmshed tis welt
hnown plate of the collateral crrculation in the thorax This was the
first plate to depict notchmg of the under surfaces of the nibs and it
also shows notchung of the upper surfaces of the third and fourth nght
mbs Jordan (1830} 1 bus description of a case a body that had been
rarsed for the purposes of dissection states that the nbs had become
deeply absorbed and sulated 1 some parts by the pressure of the
branches of thus artery  Legrand (1835) appears to have made the furst
clinwal diagnosts of aortic obstruction dering hfe on the basis of a
collgteral circulation and reduced femoral pulsation Mercier (1838}
first employed the term coarctation Craigie was able to collect mpe
cases 1n 1841 and added one of lus own Oppolzer (1848) 15 connidered
by some to have made the first citnical diagnosss of coarctation at ts
usual site Scheele (1870) effected simultaneous tracings of the radial
and femoral pulses Potamn (1892} 1 stated by Flexner (1930) to hase
noted hypertension 1 the upper extrepunes Abbott (1928) analysed
200 cases from the hterature The mmportant radiwlogral si.n of nb
notching was first noted and erphasized by Radsbach and Dock {1929}
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The first account of the surgery of coarctation 1s th
Nyhn (1945 ry at of Crafoord and
ANATOMY The classification of Bonnet (1903) 1s often adhered to
and 1s generally accepted Bonnet divided coarctation into two tvpes
the infantile and the adult The infantile consists of a diffuse narrowing
of the aortic isthmus Thes 1 really a perststence of the conditton of the
aorta 1n foetal ife and Theremmn (1895) stated that such a narrowing
mught be found 1n 80 per cent of infants during the first three months

¢ carorio

INNOMINATE
< susctA AN

FiG 20 Diagram of coarctation of the aorta

after birth In the adult type there is an abrupt constriction at or near
the level of the insertion of ductus arteriosus and he inclined to the
view that this was an acquired leston The adult type 15 unquestionably
the more tmportant condition and 1s the anomaly that 1s likely to be
encountered and recogmzed Narrowing or obliteration of the arch
does not always occur precisely at this site It may occur just distal to
the left carotid artery and proximal to the left subclavian artery These
abnormal sites of stricture give rise to differences tn the clinical prcture
and will be discussed below In the adult type of coarctation the ductus
1s most often closed If 1t remans patent 1t may provide a channel for
blood to reach the aorta distal to the coarctation and thus remove the
necessity for a well developed collateral circulation Abbott s (1928)
series of 200 collected cases lists eighteen in which the ductus was patent
The external aspect of the aorta may show sudden constriction
resembling an hour glass as1f a hgature had been appled (fig 20) In
other cases the aorta gradually tapers from the ongin of the left sub
clavian to the point of constriction and then 1t rather abruptly expands
agan the distal expansion being occasionally bulbous owing to the
needs of the collateral circulation The intersor of the aorta at the level
of the lesion shows a thickening of the inner coats of the vessel so as
to form a smooth diaphragm with a central opening of varying size
down to complete obliteration Often the inner coat appears to be
healthy but there may be atheromatous lesions and calctfication at the
site of the coarctation and just above Microscopically the aorta may
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appear pormal A diminution of elastic tissye with connectiv e tissue
replacernent has been described at the site of stricture by Ascenz (1947)

The aorta provimal to the obstruction may be thin walled and hypo-
plasic and 1n a srrall percentage of cases there may be a teue develop-
mental hypoplasia of the aorta which 15 narrower than normal The
aorta 1s mote commaaly dilated and projects to the night The vessels
of the arch are dilated and may have lous gnigins Atheromatous
and degenerattve changes 1n the aorta and vessels of the head and neck
are common An atheromatous plaque may become the seat of a
dissecting aneurysm with subsequent rupture Below the constriction
the upper tatercastals are enlarged 2nd dilated as also the superior
epigastric artery It 1s upon these vessels that there falls a major sharen
the ofa ] )} to the lawer parts of thie body

Not nfreq; y there are d cardiac lies  Abbott
(1928) has pointed out that grave cardiac defects may be found with
goarctation of the nfantife type whilst their assovtation with the adult
type 1s rare The commanest complicating anomaly 1s the bicuspid
aortic valve presentin 22 per cent of Abbott 5 200 analysed cases and
1n over 50 per cent of the cases where rupture of the ascending aorta
led to death Subaortic sténosis aortie stenosts of the valvylar type and
congesntal aneurysms of the sinus of Valsaha have been noted
Anomalies of the arteries of the aortic atch are frequently found and
these are of interest as they perhaps thfow some hght on the genests
of the abnormality which 1n coarctation appears to afse at the poimnt
of junction of the fourth and sixth left arches It 1s reasonable to suppose
that Irom the same cause 1rregularities may oceur cotncidently 1n the
remaing vascolar arches Thus amongst the vascular anomalies that
have been deseribed n codretation are the ernigin of both carotids from
a common trunk mnomunate and left carottd forming 2 common
trunk abmormal ongin of the nght subclavian below the left and
running behind the trachea and oesophagus suggesting a persistent
fifth left arch New vessels may be developed from the aorta to assist
1 the formation of a collateral airculation

COLLATERAL CIRCULATION This 1s gradually devcloped 1n those cases
where the obstruction 1s severe It 1s necessary tn order that a circulation
can be maintianed below the level of the lesion With the development
of such colluteral channels the subject can often five comfortably
provided there are no sub h or other inft and
that the heart muscle 1s capable of supporting the strasn that 15 placed
upon 1 The occurrence of a collateral circulation was early recogmised
and was well figured by such eady workess as Meckel (827 and
Jordan (1830)

The main paths of the collateral circulation ase a5 follows

{1} Between the supetiof 1b h

the first intercostal within the chest

of the subclavians and
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(2) Between the scapular branches of the subclavians and the upper
aottie wntercostals on the thoranc walf

(3) Betwcen the taterpal mammary arteries and the epigastnc
brasches of the external iacs i the abdomaal wall

These collateral pathways form tortuous and diated arteries winch

may be wisible and paipable on the back and abdorunal wall {fig 29

They also erode the ribs a feature which was zarly m‘:a?mzcd and an

! fact of sup 7 1 eadialog

SUBLL o - LASOTIO
ouctus. LA

X Al ]

Rudimentary dosios
2 between“two
tomportments

Flf 22 Coarctation of !,hc ao{kﬂ in femate aged 30 who died of
moling d

g p: ysiT
projects into the nght avrle

Hyperirophy and dilatation of the heart especially of the left
ventricle ts often present and ts the result of hypertension but 13 by no
means snvanable Unless there has been intercutrent snfection such as
rheumattsm  the valves are usuaily healthy and competent Fren a
bicuspad aactic valve may be perfectly competent Once however the
factot of mfection or degeneration 1s ntroduced and valyular deforrmity
established a large heart 15 the rule There 1s a tendency for selerotic
changes to occur in the cusps which leads to deformity snd results 1n

Infective end ocuurs at the site of coarctataon
distal 10 the stricture or at the breuspd valve It may also resattin an

arteritis of the asvending aorta In either case mycolic aneurysms of
sephic embols may result (g 22)
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BICUSPID AORTIC VALVES A bicuspid aortic valve 1s the commonest
assoctated lesion and occurred 1 23 5 per cent of Abbott s series
Retfenstein ef al (1947) note this assocration 1n 42 per cent of therr
collected cases The importance of the bicuspid valve ts 1n its Liability
to nfective endocarditts and nearly three quarters of the patients with
coarctation and infective endocarditis are found to have this valvular
anomaly This 1s interesting 1 relation to the observation of Abbott
(1932) who states that the ncidence of bactertal endocarditis where a
bicuspid aorttc valve exists as a sole anomaly 1s about 40 per cent

The d between a 1 and an acquired bicusptd valve
may present great difficulties and require 1 lon
There 1s some evidence to show that the bicuspid valve ts prone to
) nvolvement and R found evid of xf

T
valvelitis i two fifths of the cases with bicuspid valves Therefore it
seems that the bicuspid valve may be prone to mfective endocarditis
either because 1t has been previously damaged by rheumatic valvulttis
or because 1t 1s congenitally bicuspid

CONGENITAL ANEURYSMS The occurrence of congenttal aneurysms of
the cerebral vessels 1n association with coarctation has long been
recognized In coarctation there may be a congemtal weakness of the
media {Abbott) and the existence of these congenitally defective areas
has been confirmed by Symonds (1924) and Parkes Weber and Bode
{1926) These may 1n some nstances be the starting place of haemor
rhage without actual aneurysm formation In coarctation there1s a per
sistent hypertension and thts may influence aneurysm formation in the
defective areas Bleeding at first may be only shight and intermuttent
but ultrmately 1t may be severe The post mortem examation of such
an aneurysm may reveal by the varying age of the blood clot present
that several spontaneous haemorrhages have taken place The clincat
picture 1s that of a spontaneous subarachnoid haemorrhage The cases
of Parkes Weber (1927) and of Woltman and Sheldon {(1927) are illus
trations of these coessting lesions of coarctation and cerebral aneurysm
Abbott on the basis of her analysis concludes that spontaneous cere
bral haemorrhage occurring mn coarctation before the end of the second
decade 1n the absence of Infection 1s due to rupture of a cerebral
aneurysm

PATHOGENESIS It 15 an observation of fundamental importance that
whilst the mnfantile type of coarctation 15 frequently observed before
birth the adult tvpe with severe constriction or complete obliteration
of the aorta has never been found before or at birth Thus the adult
type of coarctation has a post natal origin

Craigie (1841) enunciated and Skoda supported what 1s known as
the Skodaic theory Craigie s view was that the obliterating process

ded to and 1volved the

taking place 1n the ductus arteriosus exten
aorta caustag its constriction Brunner (1898) suggested that the ductus
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tissue was prolonged nto the aorta at the insertion of the ductus
artertosus This view has never recewved any real anatomicat confirma
tion until recently, although the sutyect has been well stuthed by Kotz
(1907) and others Pezzi and Agosttnt (1937) have however shown the
penetration of the muscle tissue of the ductus into the wall of the aorta
where 1t becomes continuous with the musculo-elastic layer It 1s also
10 be ohserved that the site of constriction may be at some distance
from the insertion of the ductus and wn some cases the aortic portion
of the ductas remains open whilst the pulmonary end 15 closed yet
constriction of the aorta has been complete In addition the pulmonary
artery 18 never constricted 1n the process of involuton of the ductus
Such considerations as these latter do not entirely reconcile with a
theory that must necessanly postulate the mclusion of ductus tissue in
the wall of the aorta So also on the grounds of pufe physiology the
theory mught be refuted for with the transition from the foetal to the
post natal circulation the pressure 1n the aofta exceeds that ta the
ductus a circumstance unfavourable for a narrowing of the aorta

Previously to Crasgre Reynaud (1828) has suggested that the abpor
mality was a congemial one The 1sthrous of the aorta 1s denved from
the fourth left arch The fifth left arch disappears and the sixth left arch
which forms the ductus undergoes 1 The site of
1s where these three primutive arches meet It seems possible that delay
1 involution of the fourth and sixth arches together with the pul)
exerted by the obliterating ductus on these embryomc tissues may be
the cause of the occlusive process mn the aorta

Ascenz1 (1947) the most recent contributor to this problem found
On microseopic examinauon of the site of coarctation that the mmddle
elastic coat of the aorta was largely replaced by muscular tissue derived
from the ductus arteriosus thys fibro muscular hissue being most marked
Tnear the entrance of the ductus An of thist tended
to strangfe the aotta at this site and prevent its development A deter
munwg factor was the traction exerted by the tnvoluting ductus in the
carliest days of ife In further proof he cites the common pre<ence of
traction or tofsion areas on the left posterior border of the aortic arch
mnfants and also mentions the rare cases of coarctation with traction
aneurysms at the level of insertion of the ductus for example those of
Laennec and Willigk (1853)

CumNicas Preture Coarctation may be entirely lafent and unsus
p cted during Ife Tt occurs most frequently 1 males and 1n Abbot s
(1928) 200 collected cases only a quattet were females There 15 no
facile of the d fi 1n the male but st has
been advanced that the more sheltered existence of women exposes
them to less physical strain than the male and a a result symptoms
and complications are 1n abeyance and less likely to be detected Per
sonal experience suggests that 1t may be more common 1n the female
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than statistics mdscate Lack of the awareness of the condttion may
easily be responstble for the few cases detected although hypertension
1s common enough 1 women A fruitful source of cases to the author
has been the ante natal chinte from whence cases have been referred as
hypertension without albuminuria It 1s ot uncommon m children if
the elementary precaution 1s taken of fecling the femoral artery as
part of the routine exammatron In adult men it 1s often nussed and
cases may be found i the armed forces often engaged n the most
strenuous occupations In sum our knowledge of 1ts icidence must
undergo revision with the mncreased tmpetus to 1ts recognitron furatshed
by the possibility of surgical treatment

Symptoms are uncommon in chifdhood and in the early age groups
the finding of a case 1s largely a matter of careful routine examtnation
often duning some intercurrent illness It 15 important to crtrally
review any case with a diagnosis of congemital heart disease or even of
theumatic heart disease especially in those cases where there 15 no
clear cut history of rheumatic fever Common symptoms in chitdhood
are a hability to epistaxis especrally after exertion dyspnoea on
exertion and very lly a subarachaotd h hag

Most often symptoms develop tn early adult Ife about the third
decade at the period when strain 1s most likely to occur Early symp
toms are of a banal type such as palpitation and dyspnoea Other and
often more important symptoms are dependent upon the abnormalities
of the m and the adequacy of a coll )
circulation perhaps determines the signs and symptoms 1 an individual
case Timnitus headaches excessive warmth about the head and upper
extremuttes 1n contrast to the colder feet vigorous pulsation mn the neck
head nodding with systole and even thyroid enlargement are all refer
able to the increased blood supply and hypertension in the upper parts
of the body Conversely coldness of the legs numbness and pallor of
the lower extremtties and intermuttent claudication are a reflection of
the diminished vascular supply to the legs There 13 some considerable
liabiity to subarachnoid haemorrhage Pain may be an mmporiant
symptom It may be frankly exeruonal or 1t may be situated at sites
where there are large collateral vessels Thus a case of Bramwell (1947)
had pain n the right arm aggravated by using the hmb and thought to
be due to pressure on the brachial plexus by a dilated artery Evans
(1933) was of the opinion that pam m the back could be produccd by
eroston of the ribs stmilar to the pam of vertebral eroston The fact
that pain may occur 1n the absence of erosion of the nbs suggests that
the ongin of the pam may be due to pressure at the ntervertebral
foramen Similarly other rare symptoms may be annbutable to a well
developed I} F h has been attributed lt:
enlargement of the dibular vessels (Mick 1947) At 'b
myelitts at the level of the second dorsal vertebra was shown by
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Haberer {1903) to be caused by a dilated antenior spinat artery Mental
aberrations and transient pilsies have been desenibed There may be
some relaine over development of the tssues wn the more vascular
areas Intermittent clavdication 15 not as frequent a symptom as mmupht
be thought In a personal case a woman of 45 complamed of pam 1
ber leps when she walked Thes pam had been present stnce childhood
and was remarked upon at schoot Other examples are those of Parsons
Smuth {1921} and Woltman and Sheldon (1927) Enlargement of the
thyroid with hyperthysowdism ot without evidence of wmereased thyrord
actnity has been reported and some cases have been subjected to
operatian  or other forms of treatment — Blackford (1928) Ulnch
(193) Ambery, (1932) Brown (1934) Cookson (1936} Bramwell s
case s particularly interesting because she presented nib notching with
a constantly normal blood pressure fncreased vasculanty of the gland
owing to the coflateral airculation tn which its artenes take part has
been suggested as the cause of this increased thyrosd autiesty It s not
Yet clear as to whether hyperthyroidisim 1$ a matter of chance or of
mereased vascalanty and the expertence of thyrowd surpeons sugpests
that it 15 2 very rare happening

Thee ofa d Lase s most and sespicton
should be asoused in every case of hvpertension in a young subject and
M alt cases of acvanotic congenttal heart disease The most tmpariant
chinical examunations are of the femoral pulse and a companson of the
Hood pressure wn the arms and fegs 1 those cases where femoral
pulsation s5 reduced or absent

¢ apparent absence of a femoral pulse even though there 1z a

blood flow 1 the femoral artenies calis for comment Bonnet (1903)
states that tactife appreciatron of the pulse does not depend upon blood
volume but on the sharp repercusstons of the wave passing along the
aorta Normalfy this 1s sudden and abrupt and s felt as a forable
Pulatian When the bload reaches the aorta throuph numerous col
laterat channels this wave 1s damped the ascent of the wave becomes
mose gradeal and the pulse correspondingly weaker Woodbury

furphy and Hamulton (1940) recorded pulse contours by a direct
optical method from arteries above and belaw the coarctation Pulse
contours above the constriction were narmal i appeatance below the
comstriction they were somewhat delayed flat and smooth This 15 1
contrast to the normal state where ay the pulse wave pa 5es £o the
Pettphery the systoli. pressure fises and the wave mnerease

Tnspection reveals marked pubsation 1 the neck and pechaps fead
nodding with systole the latter particuacly in the case comphicated by
dortic incompetence Enlarg~d tortuons pulsating vessels may be seen
or felt i the scaputar region and o er the upper part of the bodv
Pulsation may also be vistble sn the wterco tal spaces ard there may
be vistble pulsation of the internal mammary artertes Suzman €1947)
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(fig 23) has shown that if the patient bends forward with hus arms hang
ing down the posterior intercostal spaces are opened up and diated
Intercostal vessels are rendered visible or more visible Further most
of the phenomena of the collateral crculation can be emphasized by
exertiont or bending
1

P: shows the ly arterial nature of the pulsation
There may be a thrill over the dilated vessels or oser the base of the
heart and root of the neck Femoral pulsation 1s reduced or more often

Fig 23 Suzman s sign 1n coarctation of the aorta In the erect position few of the
collateral vessels can be seen On bendiag forward the number of visible arteries is
greatly increased

absent The upper extremities feel warmer than the lower and often
look redder than the rather pale legs The heart may be normal in size
or shghtly hypertrophied Gross enlargement 1s present 1f there 1s
aortic Incompetence A systolic murmur may be heard over the heart

Ioudest at the base It 1s heard over the back particularly well over the
scapular vessels and charactenstically along both sides of the vertebral
column Not infrequently the murmur 1s inconspicuous over the heart

but loud over the back and over the vessels of the collateral circulation

A systolic murmur well to the nght of the sternum over an tercostal
space should evoke suspicion of coarctation Pulsation to the night of
the sternum suggests a dilated aorta espectally 1f accompanted by 4
ringing second sound There may be a diastolic murmur of aortc
ncompetence or the murmur of a patent ductus arteriosus Infectine

may be d by a diastolic murmur
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‘The blood pressure in the arms 15 raised and 1s low tn the legs a
reversal of the normal physiological state Hypertension 1n the upper
extremties 1s usually of the order of 150-200 mm systolic and at imes
esen hueher The pressure in the lecs 15 markedly lower and may be
unobtainable There 1s reason to suppose that this 1s quite often duc to
the difficalt teck 1 of a factory reading 1n
thelez whatever method 1s employed The direct sntra arterial measure
ments of Steels (1931) showed the diastolic pressure to be elevated in
the legs Normally there 15 synchromzation of the radial and femoral
pulses but n those cases of coarctation where the femoral pulse 1s
present 1t1s delayed Very occasionally the blood pressure n the arms
tsnormal as in the case of Blackford (1928) King (1937) and 1n the
two cases of Bramwell (1937) A normal blood pressure may be
encountered n early childhood but a personal case had a systolic blood
pressurc of 160 1n the arms at the age of two A child of Bramwell s
with coarctation and subaertic stenosts had a blood pressure of 95/75
With these few exceptions the marhed contrast in the status of the
radial and femoral pulsation and the difference 1 blood pressure
between the arms and legs 15 charactenstic of coarctation and patho
#nomonie of zortic obstruction

Hypertension 1 Coactation

Much has been written about the hypertension of voarctation and
some hold that 1t 1s mainly mechanrcal 1n onigin and due to the aortic
stncture (Brotchner 1939) The results of operation are now cited 1n
support of the view (Crafoord 1945) Page (1940) after experimental
work 1 constricting the aorta of dogs voncluded that there were
grounds for considering the hypertenston of coarctation to be of renal
ongin In fact the effects of aortic constriction are simular to the
Goldblatt clamp Rytland (1938) held a simtlar view Steele (1941) who
Measured intra arterial pressure found the dastolic pressure to be
raised 1n the legs 1n cases of coarctatton and concluded that there was
2 general ncrease 1n arteriolar tone throughout the bedy sumilar to
that 1n the common form of artertal hypertension The question of the
€ause of hypertension 1s of practical importance for 1f operation 1s
designed to remove hypertension and 1ts attendant dangers one must
have certain knowledge of ts mechamsm In the ight of modern know
ledge 1t 15 unwise to dismss the possibility of renal wischaemia as a
€ause and in thes light 1t would be wise to perform operation at an
early age before permanent and irreversible changes have set tn

Coarctation at or above the Oungin of the Left Subclavian Artery
This 15 a comparatively rare type of coarctation and only about twenty

cases have been reported The constriction 1s situated at or just

Proximal to the onigin of the left subclavian In some cases the left
F
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subclavian artery may be congemtally narrowed at its orifice or in s
length as patt of a general abnormality of the aortic arch In rate cases
East (1932) and Love and Holmes (1939) there may be an aberrant
origin or an associated stenosis of the right subclavian artery When
there 15 a constnction prowmal to the ongin of the left subclavian
artery the left arm 15 excluded from the high pressure blood flow This
has tmportant clinical effects which may be recognized by asymmetricat
deselapment with overgrowth of bone and muscle of the right arm and
night upper chest There 1s also dspanty m the blood pressures of the
two atms Thus in the case of Bayley and Holoubek (1940) the blood
prassure 1 the right arm was 153/78 n the Jeft arm 98/78 and in the
ieft leg 90/80 The radial pulses were unequal in volume The collateral
circulation may not be obvious but X ray examination may show nb
which 1s confined 1o the right hemithorax If there is a widely

patent ductus nb notching 1s absent

In the case of Love and Holms (1939) a negro of 44 the blood
pressure was 210/95 m the left arm and 150/90 in the mght arm
Autopsy showed that the left carond and arteries
arose from a common trunk The nght subclavian a very narrow artery
atose from the mnommate Coarctation was present distal to the
onigin of the left subclavian artery

RamoLoGy  The most tmportant radielogical sign 15 erosion of the
under surfaces of the ribs first observed radiologically and correlated
with anatomcal obsenvation by Railsback and Dock (1929) Meckel
{1827) figured eroston on the 11bs 1n a plate of his case of coantation
Jardan (1830) mentioned that 1n hys case the nbs had become deeply
absorbed and svlcated 1n some parts by the pressure of the branches
of the (ntercostal) arteries It seems strange that the best part of a
century should elapse before there was radiological recogmitton of
these anatomical changes Whet present the erosions are usually
multiple and are found most often on the mfenor surfaces of the
postenor portions of the third to the mnth nibs (figs 21 and 24) Two
types of notching are discermuble either shallow or deep Both types
are dug to pressure atcophy of the rib where it comes in contact with
the dilated tortuous mtercostal vessel A loop of the vessel will cause
a deep notch while 2 straghter vessel will cause a shalfow depresstont
(Wolke 1937) Although there may be marked tortuosiy near the neck
of the rib the vessel 1s here distant from the rib and rotches do not
oceur at this site The process of pressure atrophy and eroston of bone
15 wholly comparable to that observed 1n pressure of an aneurysm upon
bone elsewhere Most observers have considered nib notching to :5
pathognomonic of coafetaion Laubty and Balsac (1937) have obsert
simlar but less marked changes in hypertension and aortic incom
petence Such notching does occur but 1t 18 trivial i degree N“’Ch”}‘,g
confined to the might nibs suggests an abnormal site of coarctatio)
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Notchang of the ribs 15 not insanably present i all cases of coarctation
and 1t may not be pronounced 1t 1s absent sn those cases where there
ys 2 widely patent ductus artenosus {Evans 1933) In Bramwell s senes
1t was present in seventeen cases but mn nine it was so htile mavked as
10 be of no duagnostic value or completely absent Of these nine cases
1o were chuldren and three cases had a patent ductus atteriosus In
young subjects erosion of the nibs 1s comparatively rare the carhiest
recorded case being at the age of six

Fio 24 Coarctation of the aotta 1 female aged 10
Nate the small aortic knuckle and the well marked
notehing of the inferior surfaces of the ribs

The heart may show shight enlargement with emphasis of the arc of
the left ventnicle Gross enlargement is observed when aortic ancom
peience or mfechon ate complrations The ascending aorta nsually
bulges to the nght owing to pre stenatie hypertension although cases
are described where 3t 15 small on account of hypoplasta  These fatfer
arerare and avigorously pulsating dilated ascending aorta1s generally
observed In some cases dilatatian of the aorta mav be of aneurysmal
proportion The aortie knuckle 1s small inconspicuous or absent but
n some cases 11 has been large and prominent Often the shadow of the
enfarged left subclavian artery is mustaken for an aortic knuckfle The
superior mediastinum 15 widened with vigorous pulsation on 1ts left
border which usually presents a comvex appearance [t may be difficult
or impossible to visualize the aornie arch and the adjacent part of the
descending aorta even in the oblhique view This Lircumstance is a very
suggestise finding (Fray 1930) The surgical experience of Crafoord
explamns the mvisibility of these parts of the aorta as being due to the
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hgamentum arteriosum retracting the aorta towards the mediastinum
with the result that the aora is serrounded by 2 less amount of arr
carrying tissues with corresponding diminution 1 its visibihity with the
barium filled oesophagus Wolke (1937) has shown that 1a the antero
postenior positton  there 55 an indentation of the oesophagus corre
sponding to the portrons of the aorta above and below the constriction
Rotatron of the subject 25 or 30 to the night may render this more
clearly visible

Visualization of the descending aorta m the obligue position may be
extremely difficult 1f not impossible It may be possible to demon
strate a gap or narrowing of the arch This 1s an vnreltable sign for
a number of cases fail to show any marked external constriction of the
aorta despite the presence of a draphragm within its lomen If however
a gap 1s observed 1t will be scen that pubation below the gap 1s
dtminished or absent 2nd 1n marked contrast to that above the con
stnction  Laubry and Ralsac (1937) and others using r.dwlymo
graphic methods have been able to show the site of constriction of the
aorta Thrs method if successful graphscally illustrates the dimimshed
pulsation of the aorta distal to the constriction Tomography suggests
atself as a hikely method to employ but 1t has rarely been successful
{Bramwell) Bramwell has noted 1n cases where 11b notching 15 absent
as in those where the ductus remains patent a double aortic knuckle
the upper arc bewng formed by the left subclavian artery and the lower
by the blind end of the descending acrta

Angrocard h has been lly employed by
Grishman Steinberg and Sussman {1941) and Chavez et al (1947) to
demonstrate the site of coarctation

ELECTROCARDIOGRAM There are no charactenistic changes 1n the
electrocardiogram (fig 25) which 1s often physiological Ultumately as
mmight be expected there 1s the picture of left ventnicular hypertrophy
A normal axis deviation does not preclude a diagnosts of coarctation
Aurcular fibrillation 1s sometimes present

COURSE AND PROGNOSIS Many patients are robust and actse uatil
middle Iife when the symptoms discussed above appear and are pro-
gressive The difficult time 1s the third decade when men work and play
hardest and women bear children In general 1t may be stated that i
the stenosts 15 severe and symptoms appear early or if they date from
childhood the progmosts 1s poor Patients who are symptom {ree at the
age of 30 have a more favourable outlook A large number of cases dee
sn mfancy and these are usually of the infantile type of coarctatton and
associated with other grave anomaltes of the heart

1t 15 very difficult to assess the prospects of the mndnidual case Some
have held that coarctation with a fully developed collateral urculation
places no demands upon the cardiac reserve and that cardiac ;1)’5;;
trophy was sbsentin the uncomphcated case This may be true of s
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cases but the post mortem esperence of Abbott (1928) who found
cardiac hypertrophy 1n three quarters of her cases suggests that there
15 a defintte stran 1mposed by the lesion This stran although con
stantly present may not be sufficient to cause trouble 1n the first half
of life as long as the coarctation 15 uncomphcated Severe physical
stram or mnfercurrent mnfection may howeser preupitate farlure
Blackford (1928) mentions sudden death from rupture of the aortz
during strenuous exertion The average age at death 1n Abbott s series

Fio 25 The electrocardiogram m coarctatton of the aorta The
four cases illustrated are below the age of 16

was 32 with extremes of 3 and 92 To judge from reported cases about
25 per cent of alf cases die before the age of 20 half of the cases do
not live longer than 40 years and nine tenihs of the cases die before
the age of 50 Thus only a tenth of the cases pass the age of SO The
causes of death 1n order of frequency as given by Maud Abbott are
congestive heart fatlure rupture of the aorta or heart cerebral haemor
rhage and bacterial endocarditis Rexfenstein Levine and Gross (1947)
have analysed 104 cases vollected since Abbott s (1928) review and
found the average age at death to be 30 5 years Sixty one per cent of
these cases died duning or before their fortieth year The majorsty of
deaths from rupture of the aorta or from cerebral haemorrhage
oceurred 1 the second and third decades from bacterial endocarditis
or aortitis 1n the first five decades and from congestive failure 1 the
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third to fifth decade In order of frequency 26 per cent died of inct
dental causes unrelated to their anomaly 23 per cent from rupture of
the aorta 22 per cent from bacteral endocarditis 18 per cent
congestive heart failure and 11 per cent from mtracramal lesions

Diaghosts The condition 1s probably much more common than 1s

P and careful luding the femoral pulse should
be made of every young subject with hypertension and 1n particutar
those referred as cases of congenttal heart disease or aortic mcom
petence The presence of thrills and murmurs 1n atypical situations
such as those found over the collateral vessels the occurrence of nter
muttent claudrcation 1n the young and marked dispanity between the
temperatures of the extremutres are all circumstances worthy of critical
consideration

In Abbott s (1928) collected sertes of 200 cases an ante mortem
diagnosis had been made 1n 14 per cent Retfensten s (1947) sertes
showed an ante mortem diagnosis of 40 per cent so there 1s reason to
suppose that the chintcian 1s becoming aware of the abnormality

The cardinal features which should be constantly borne in mind 1n
making a diagnosts are an absent or dimintshed femoral pulse hyper
tension 1n the arms and a lower blood pressure n the legs a collateral
crrculation with rib eroston 1n the X ray picture systolic bruits heard
tn atypical situations along the spine or over the vessels of the collateral
circulation

TREATMENT Medical treatment 1s of a prophylactic nature and 1s
concerned with the d of strain and from infection
according to the individual needs of the patient Focal sepsis n teeth
or tonsils should be dealt with and 1t 15 wise to give pemicillin befor
and afler any operation to the tecth or tonsils

Surgical treatment of coarctation was first considered by Blalocl
(1944) There are two possible surgical procedures Firstly the lef
subclavian artery can be used to by pass the stricture its divided enc
being anastomosed to the aorta dtstal to the stricture Such an operatior
rmight have a possible application 1n some cases of the nfantile type o
coarctation It might well be the operation of choice where the aorta
1s diseased or where there 15 difficulty 1n frecing the aorta suffictently
to excise the stricture and suture the divided ends without undue
tension Such operations have been performed by Blalock (1947) and
Clagett (1947) Secondly the stricture may be excised after mobilization
of the aorta and the divided ends joned together This operation was
successfully performed n 1944 by Crafoord and Nylm and by Gross

4
(lgThSZ avowed reason for operation 15 the poor ndwidual prognosis of
coarctation with 1ts rather high death rate up to the age ot 40 If the

10n 15 to be performed for the relief of hypertension and 1ts
ble to perform 1t as early as

operat
attendant dangers 1t would scem desira
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possible tdeally befare the age of 20 This mimmizes the possibility of
the permanent effects of renal 1schaemua having set n Apart from this
degenerative changes are common 1n the zorta and these may increase
the technical hazards of operation 1n older subjects Even 1f operation
15 performed the point should not be lost sight of that a bicuspid aortic
valve 1s present 1n a large number of cases an anomaly only second to
the patent ductus arteriosus n 1ts risks of infective endocarditis Equally
there remains the berry aneurysm which may rupture even 1n the
absence of hypertension

The results of operation are impressive Crafoord has performed the
operation on twenty cases with two deaths one from haemorrhage
from an intercostal artery and the other from a dissecting aneurysm
The 1mmediate effects of operatron are a sudden fall of the blood
pressure level 1n the arms and a rise in pressure in the legs Pulsation
becomes evident 1n the arteries of the legs and the legs become warm
Equalization of pressure 1n arms and legs comes after a pertod of tume
often extending over a period of months The collateral vessels disappear
gradually

It 15 early to pass final judgment on this operation but as far as our
present knowledge goes 1t 1s 2 mayor advance 1n physiological surgery

and must 11 many young cases be confidently recommended to the
sufferer with coarctation

CONGENITAL STENOSIS OF THE AORTA DISTAL TO THE ISTHMUS
(Syn Congenital Stenosts of the Abdominal Aorta)

Whilst coarctation of the aortais 2
stenosis of the aorta distal to the 1sthmus 1s extremely rare A con
genital constriction may occur between the first and second intercostal
artenies (Costa  1930) just above the diaphragm (Hasler 1911
Schleckat 1933) proximal to the renal artertes (Steele 1941) and
distal to the renal artenes (Power 1861 Maycock 1937)

The onigin of such a constriction 1s obscure Normally fusion of the
dorsal aortae commences at about the fourth week and ultimately a
single channe! the thoracic and abdominal aorta 1s formed Incom
plete fusion may result 1n a central thin partition to the descending
aorta It has been suegested by Maycock (1937) that tn stenosis distal
to the isthmus there 1s a failure of the normal fusion of the dorsal
aortae and subsequent disappearance of one of them

The degree of stenosts may be only shght or may be complete
Severe stenosis or complete obliteration of the aorta gives mise to
aneurysmal dilatation 1n the aorta proximal to the seat of obstruction
and there 15 also a tendency to thrombosis at the site of the lesion It
1s possible for lesions other than congemtal to produce a stenosis or
even obliteration of the aorta The proof of a congenital onigin of the
stenosis lies sn the presence of a collateral circulation developed by
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compensatory hypertrophy of the mtercostal and 1nternal mammary
vessels 1n conjunction with the superior and nferior epigastric vessels
For a coniplete discusston of these cases the reader 1s referred to the
work of Maycock

There 15 no typical symptomatology of the condition and such
symptoms as are present in the few recorded cases are simlar to those
of coarctation of the aorta The lesion may be entirely latent There
may be attacks of dysproea and palpitation and a sense of fullness and
pressure 1n the chest Epileptiform convulstons were present 1 two
cases
The physical signs are those of cardiac enlargement hypertension
and the presence of 4 collateral artersal circulation

Death may result from intercurrent infection cardiac fatlure or
rupture of a blood vessel The average age at death tn six recorded cases
was 32 with extremes of 15 and 49

INTERRUPTION OF THE AORTIC ARCH IN ITS DISTAL PORTION WITH
HYPOPLASIA OF THE AORTA This 1s a rare abnormality and Abbott
(1927) analysed five cases Evans (1933) reported three cases 1n his
series A recent well documented case 1s that of Stewart (1948)

The principal anatomical feature 1s the abrupt termination of the
aorta at the level of the left subclavian the arch of the aorta being
continuous with this latter vessel The pulmonary artery after gring
off a night and left branch continues by a widely patent ductus arterio
sus mto the descending aorta There may be assoctated abnormalitics
of ongin of the left subclavian which may be given off as the first
branch of the descending aorta and in one of Evans s cases both sub
clavians arose from this site In Stewart s cases there was a small
interventncular septal defect The interruption of the arch 1s so com
plete that there 15 no fibrous band or any communication between the
aortic arch and the de cending aotta (fig 26)

The embryological ongin of the anomaly 1s by the abnormal dis
appearance of the distal part of the fourth left aortic arch and of the
left dorsal 10rta between the fourth and fast Ieft aortic arch The fourth
left arch continues as the left subclavian artery There 1s thus mter
ruptton 1 the arch of the aorta the descending portion being absent
and the ductus becomes continuous with the descending aorta

This anatomical arrangement were the subject to survnve sufficiently
long would be reflected by cyanosis m the lower half of the body and
a good colour 1 the upper half Death 15 usual 1n earliest infancy but
Abbott (1927) mentions suryival of a case to five and 4 half years

(CONGENITAL ABSENCE OF THE ASCENDING AORTA These cases are
and Abbott (1927) has analysed ten To tfiese may be added the
(3933) which addition was an example of a cor
ductus arteriosus 1s widely patent and contmues urn
libre 1nto the descending aorta Slightly proximat to

rare
case of Evans
pioculare The
dimumshed 1 €ai
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the point of yunction of the ductus and aorta a common trunk Is given
off from which anse the vessels of the acch (fig 26)

Abnormalities of the Right Subclastan Artery

The night subclavian artery may anse distal to the left subclavian as
the last branch of the aortic arch To reach the nght side 1t passes
behind the oesophagus but 1t may also pass between the trachea and
oesophagus or anterior to the trachea Rarely it may anse from the
descending aorta below the ligamentum arteriosum

ki)

Fig 26 Types of stenosis and atresta of the aortic arch (After Evans )

| Tnterruptton of the 2ortic arch in sts distal portion 2 Atresiz of the

ascending aorta duclus widely patent 3 Atresia of the aoruc onfice
4 Absence of the ascendung aorta

An abrormal night subclavian may give rise to symptoms Bayford
(1794) reported dysphagra i a case with an anomalous right sub-
clavian artery passing between the trachea and oesophagus and
Holzapfel (1899) refers to the even eather cases of Murray (1768) and
Brewer (1791) In Murray s case the arlcry was retro oesophageal
Most often the cond: Temains and d The
abnormal artery may be injured accndentally as 1n the case of Kirby
(1818) where 1t was mjured by a piece of bone penetrating the oeso
phagus a probable factor 1 the subsequent death of the patient

Hypoplasta of the Aorta

Maud Abbott (1927) defines hypoplasia of the aorta as that
condition 1n which the fumen of the artenial vessels n the greater
crculatron remaras abnormally small and the walls unnaturally thin
and elastic  Itappears to have been first recognized by Morgagm (1788)
Rokitansky (1844) noted the occurrence of an infantile aorta with
associated cardrac hypertrophy and genital hypoplasta Virchow (1872)
noted a narrow aorta and cardiac hypertrophy Spitzer (1897) com
mented upon the same association and stated that only 1f the subject
lved to adult age would cardiac hypertrophy ensue There are more
than a hundred cases 1n the iterature and discussion has centred round
whether 1t 13 a true coneemtal abnormality or whether 1t ss due to
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factors operating after bith It 15 so frequently associated with
lymphotd and thymic hypoplasia that it my be ﬂ{c expresston of a
constitutional type (Philpott 1929)

Hypoplasta of the aorta may ocuur as an 1solated condition or asa

of other al cardtac defects Thus suggests that

cases mught well be divided 1nto these two groups As an 1solated defect
1t 15 purely developmental and is often associated with other visceral
abnormalites notably of the genttalta ar with thymic disturbance
The case of Cluver and Jokl (1942 presents pomts of mterest An
athlete aged 32 collapsed and died after a game of Rugby football
Post mortem examination showed a hypertrophied heart with 2 normal
stzed but very thin walled ascending aortz and aortic arch The
descendimg aorta was jess than haif the normal siz¢ Atheroma snvolved
the onfice of the left coronary artery and some patches were present
in both right and deft coronary arteries There was my addimon 2 Jeft
hydronephrosts and a persistent thymus The spleen was enfarged and
all lymphord tissues were hypesplastic His idental tyan brother had
died duning ¢xertion at the age of 30 It was held that persistence of
the thymus had arrested the normal puberty and post pubertal develop-
ment of the circufatory system so that the descending aorta remamed
1 an snfanale state This mncreased resistance fed to cardiac byper
trophy and drlatation and finally tesulted 1 a fatal cicculatary crisis
Valentine and Nicholl (1945) report the case of 2 man of 31 who pre
sented a hypertrophted heart with hypoplasta of the aorta and extensive
genrtourtnary abnormalttes No mention 1s made of the lymphoid
tissues Other examples ate those of Whittle (1929) Tkeda (1932) and
Werley Waite and Kelsey (1944) Cooke and Cloake (1943) report two
cases Their first case a dabetic male of 31 had extreme cardiac
entargement with moderate hypoplasta of the d ding and abd \
sotta and pitutary hyperfunction was suspected In their second case
2 35 vear old female with acromegaly there was gross cardiac enlarge
ment predominant hypertrophy of the left ventricle an interaunicular
septal defect and hypaplasia of the aorta

The foregoing brief sccount indicates that there 15 a quite defintte
type of avrtic hypoplassa with erther lymphoid or end changes
and oftea with abnormaltties of the genttournary tract The hypoplasta
ueed not necessanly myvolve the whole length of the aortd but even n
those cases where hypoplasta ts most apparent distal ¢o the aottic
arch comment has been made on the soft thin walls of the ascending,

aorta
Hypopfasia of the dol(a as a secondary abnormality 15 the almost
tant tant of sigmfi defects of the aunicular septum It
may complicate the va Ous 1ypes of stenosts 1n the aothic tract or be
present when mutral stenosts 1§ established at an early age Balfour
(1898} msisted upon the prepondesant role of early mutral stenosss 18
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the genesis of aortic hypoplasta He supported the view of a congenital
mitral stenosts and his 1deas were sufficiently advanced tor lum to state
that rheumatte 1nvolvement of the mitral valve always entared some
degree of stenosts For hum hypoplasta of the aorta was a mechanical
effect of miutral stenosts because less blood was transmutted to the
aorta As a consequence the normal distension of the aorta was
lessened and growth and metabolism of tsues was ympatred Autopsy
expertence has not substantially confirmed that there 1s marked hypo
plasta of the aorta i rheumatic rutral stenosis [n coarctation of the
aorta the element of hypoplasiza may be overlooked as it 1s often
obscured by dary dul. of the ding aorta

The anatomical specimen 1 all types of aortic hypoplasia shows
reduction tn the calibre of the aorta as a whole or of the segment
dstal to the arch The walls are thun and abrnormally soft and elastic
and their changes may extend to the branches The intima 1s smooth
and most often healthy M tly there 1s a di hed breadth
of all (hree layers but especially of the media

The effects of hypoplasia hase been much discussed  particutarly
1ts relationsmp to enlargement of the heart As many of the cases have
been victims of sudden death there 1s a pauctty of records n regard to
the blood pressure In many of the well studzed cases the blood pressure
has been normal but hypertension cannot always be ruled out The
Siperimental work of Eyster (1927) who temporanly constricted the
aorta of dogs showed that hypettrophy of the heart followed some
months later Cooke and Cloake suggest that a possible dilatation of
the heart to cope with extra output requirements n strenuous work
might act as the stimulus for hypertrophy Even if this were so 1t 15
ifficult to explan the gross enlargement of the heart that 15 present
Some (Amsler 1912 Courville and Mason 1938) suggest an endocrine
factor and argumg from the incidence of cardiac hypert rophy and
failure m the absence of hypertension n acromegalics find reason to
suppose that a glandular element enters 1nto the matter Clearly here
1s 2 matter that requires patient tavestigation for the actual cause of
hypemuphy be 1t increased work or glandular activity rematns ndden
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derved tram the distaf part of the fourth teft voot arch: may anse from
the aortic roat 404 piss behund the trachen and oesophagus In other
CASES U Mav anse from 2 persstent provmal portion of the fourth et
arch and piss upwargs 10 18 destesbution n tront of the trachea and
oesophagus

In the umique case of Bearan arg Faw (1947 a female emid of 9
¥he aorbic arch ascended into the neck to the level of the crepsd sary
lage (g 2§ It then de cended and passed backwards and to the jefr

Fi¢ 20 ¥ ghgarticarch Male aged 27 with no gr:v,l:g:

Abno?xnae;ty picked up at n&n:nﬁdgg;ﬁm ;11{ 2 el
s suspecte:

astinal tumour wa e )

ft sub~
betnd the oesophagus and descended 1 a normal ;yzvs Q({cwm(
favian artery arose from th~ descending aorta «n oty omcnehg
Eucius attertosus entered the left cubclavian thus c§ﬁ§ st aed
the trachea and oesophasus The child ccsm;:u:nn{e(he e s
resented a pulsatil. swelitng i the nght side o e e e Thns
gxk:n to be an aneurysm and lgatured mﬂ\'ﬂ;l et e thind
maly reswlts from tormation of the avrte o B gh aortie
post mic arch nstead of the fousth Anothes example bt
embr}cd rted 1 fig 29 and was in thrsua e quite meclud:d it
e tgmsn Aorue Arcr Under ths heading are ltn O oot
dR:)m:; tc ach Tght ssded aortic arch with perstste
side

{Atlan) and double aoruc arch
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aorta arches over the nght broashus passieg fo the
ngt:':lxd‘c :f g::‘e(m:hc;\ and ocsophagus Two aliernatiie courses may
then be foltoned Tithet st descends on the ight wde crossmp overata
loser level to reach the norte opening m thie daphrapm or i other
cases tmmediately after crossing the nght bronuhus 1t passes behund
the traches and oesophagus swideming 1nto a diserticulum [persistent
left root) which pushes these structures forward ¥t may thn descend
on the 1t nide 10 the daphragm or distal to the diverticulum 1w may
curve back 10 the nght side and descend fateratly to the ascending norta
sradually crossing te the Jeft ot about the Tervel of the awhih or ninth
thoracie vertebra
1t 18 thus evident that a right aortic arch with a descending 2orta on
the vight stde s ikely to be svmptomless because s course s Jateral
to the trachea and oesophagus [t 15 howerer possible that the arch
of the aonta could exert pressure on the nizbt upper lobe bronchus of
the left mnominate or left common carotid artery mmzht be stretohed
avross the trachea ang so gine nise to symploms A nght aorhie asch
with 2 left descendsng aotta 1s much more Bhely to cause symptoms
beeause of us retro ossophageal course and because the guciys or
hgamentum grieriosus completes & ting couad both the trachea and
orsophagus  Even s the presence of a wascular nng of this fpe
symptoms may not be present untd such time as degenerative changes
appear m the aorta
In the v ht aottic arch vith a nght descending zorta the first vessel
given off the arch 15 a left innominate arterv followed by = mght
cottmon carotid and a right subclavian artery
CLASSIFICATION aND TyPes An embryolopcat classfication Wobld
wclude mo ¢ f not all, of the types in the eategory of a double aortic
arch  The anatomical types desenbed are mainly differentiated by the
degree of persistence of the eft fourth arch from 113 most attentated
form dowa to its most obvious form in  double zornic arch Cases
vath 2 persistent left faat occupy an ntermediate poattion 10 this seale
and Arki {1936} consider that the fourth teft arch undergoes stenosts
tn the thimus tegion The tombimation of teflt subclavian artery short
oceluded vessel and persistent lelt root compnsing the fourth left arch
Torms a tight ting round the traches and oesophagus and leads to the
b rsistence of the fourths nght arch (figs 30 and kit}
The development of a night sided sorta 18 more eastly understood
When 1315 considered 11 felation o other abnosmalities of the founs

wch A glance at the table adapted from Rochs Stembers and Robb
{19413 mabes thys reasonably tlear

The types of ripht sided aortic atch are as follows

{1} 1n addition to persistence of the right foutth arch there i per
sistence of the provimal portion of the feft fourth arch The aona
¢ro ses the fight bronchus and the left subclavian {left arch) anses from
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the front of the aorta and runs 1n front of the trachea to reach the left
stde The ductus arteriosts arises exther from its wsual site or from the
left subclavian It may enctrele the trachea and oesophagus and pull
the night aortic arch behsnd these situctures

2) The night aortic arch has a simitar ongm to the preceding There
1s perststence of the distal portion of the Jeft asch sesulng m a diver

ght carot o

loft carot

Fic 30 Anatomicat picture in right aortic arch with
persistent Jeft root (Specimen k €S Museum)

Frc 31 Rght aortic arch (After Arkin)

the arch the persistent left root of Arkin The
mt:‘:“““;:a;t ;:‘fnm;:sig ;‘mm the dn.pemculum and runs behind the
ache CJd aesophagus The ductus arteriosus joins the diverticulum
Sasher t:“cn of the duerticulum behind the trachea and ocsop'hagus’
;X:;:;sp toos ‘lélese structures betng pushed forward a pomt of radiatogca

lm(r.::)”:km;:c double aortic arch anses from persisience of both the
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right and lefe fourth arches [t s often assouiated with comgemtal
cardiae andmalies that are tacompatible with hfe It may occur 25 2
sole abnormahity The aorta ascends to the nght and divides wata tuo
Jimbs (hg 32 aand 8) A postertor kmb passes behind the oesophagus
and the anferior linb runs 1o the left in front of the trachea Thiese two
vessels which may be farge or unequal in s;ze merge together agun
in the teit side of the med beyond the won of the ductus
1o form the descending aorts The vessels of the arch may come trom
etther hmb or from both imbs Commonly the postertor lissb gres
nise 1o the fight subclavian and the right common carotd arterses and
the antecror imb fo the feft subcfayian and left common carotud artery
The trachea and the oesophagus are thus encircled and from the
surgical pomnt of view there may be occastons wWhen it may be im
posstble to drvide the ring without tnterfertng with rmportant v aseutar
channels (Gross 1945) The encuclernent of the trachea and oeso phagus
may wfluence the chacal picture at an ape when degenerative changes
are aps 4o take place wn the vascular components of the nag

ANOMALIES OF THE AGRYIC APCHES CONSIDERED 1N RELATION
10 a FUNCTIONING DOUBLE ARCH

An 1aperious classfication and explanation has been propounded by
Edwards {1348} As a reference pattern he takes 2 functioning double
aortic arch In the young embryo the ventral aorta gives off (wo anhes
which encircle the pamttive alimentary canal and then join to form
the dorsal aorta By atresia or disappearance of certan parts -of this
system the normal aortic pattern is produced as well as anomalies of
the arches Tn group | the duciys and descending aofta are apprott
mately 1 their normal posisons Group 2 anomalies are the russor
wpage of those of group

GRoup t LEFT SD¥D DUCTUS ARTERIOSLS AND DIESCE! DING AORTA
(1) Fumniomng Double Aortie Arch
The types Nustrated differ only from each other 1n the diameter
of the antetior {fefs arch) a narsow antenior arch bang the more
common The anterior {leR) arch passes i front of the trachea
The postertor {right} arch passes over the nght bronchus and
belind the oesophagus the two arches meeting esther behind the
oesophays ar to the left of the mudhine The trachea and oeso-
phagus are thus completely enciteled by a vascular nng rendered
taut by the igamentum attertosss ¢hg 32 4 and #)
{2) Parhal 4iresta of Dowble Aortee Arde
Atresia has occorred between the ongin of the left subciavian and
the zortic snserton of the ductus acteriosus This 1s a not un
comman type and has been described by Athin {1936y {fig 32 ¢}
(3) Reghr sided dortic Arch with Retro-oesophageal Segmens and Lett
G
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riial

FiG 32 Abnormalities of the aorticarch A and s double :mmcr :;«‘Tn ‘ck;f"amm

atresia of double aortic arch D right sided aortic arch with :cﬁ B e b

ving ongin to left subclavian artery £ night sided aortic T wath retro

glavlan ansing from an innommate arterv £ left ?om; Afer Edwards)
oesophageal nght subclavian artery ¢ normal type of arc!
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sided Descending Aorta Left Subclavian Artery onginating from
an Aortic Dnerticulum
Atresia has occurred 1n the region between the left common
carotid and left subclavian artenies The left subclavian arses
from a diverticulum (representing the posterior portion of a left
aortic archy ductuc artertosus attached to the diverticulum
{fig 32 D)

(@) Right sided Aortic Arch with Retro oesophageal Segment and Left
sided Descending Aorta Left Subclavian from a Left Innominate
Artery
A gap exusts between the ongin of the left subclavian artery and
the aortic msertion of the ductus The ductus 1s commonly
mserted 1nto a diverticulum formed by a remnant of the left arch
(Arkin 1936) (fig 32 E)

(5) Left sided Aortic Arch and Left sided Descending Aorta Right
Subelarvian Artery arising from the Distal Arch
The nght portion of a double arch has disappeared between the
ongins of the right common carotid and the night subclavian
arteries The right subclavian anses as the fourth branch of an
otherwise normal aorta and passes behind the oesophagus
(fig 32 ¥)

{6) Left sided Aortic Arch and Left sided Descending Aorta Normal
pattern
That part of the posterior arch distal to the origin of the right

bl artery has d d to produce a normal arrange
ment of the vessels (fig 32 ¢)

(T) Hypothetical form yet to be described

Right sided aortic arch and left sided descending aorta with
atresta of the left aortic arch between the ongins of the left
common carotid and left subclavian arteries

GRroup 2

(1) Right sided Ductus Arteriosus with upper part of Descending
Aorta on the night side Right Subclavian from an Aortic Diertt
culum
Araretype Acasehasbeenreported by Edwards (1948) (fig 33 )

(2) Left sided Aortic Arch with Retro oesophageal Segment and upper
part of Descending Aorta on the right side Right Subclavian from
the Right Innonunate Artery
The part of tie mgle arclk deeween e origin of the rght sub
clavian and the aortic msertion of the ductus has disappeared
(Paul 1948) (fig 33 B)

(3) Right sided Aortic drch with upper part of the Descending Aorta
;n right side Left Subclavian from the Aortic Arch of Descending

orta
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The left arch between the orign of the left common carotid and
the left subclavian disappears (Locknood 1884) (fig 33 ¢}

(@) Right sided Aortic Arch with upper part of the Descending Aorta
on the right side Branches of the Arch g mreor smage of normal
A frequent arrangement in the tetralogy of Fallot with mght
aortic arch (fig 33 p)

(5) Hypothetical forms
(a) Functioning double aortrc arch with ductus on the right side

Fig 33 Abnormalities of the aortic arch A left sided aortic arch with

escending aorta on the right side Right subclavian anises from an aortic
dwverticulum B simtlar type to A with nght subclavian ansing from an
mnormna eartery ¢ tight sided aortic arch with retro-oesophageal lett sub
clavian artery D right gortic arch tn the tetralogy of Fallot (After Edwards)

(b) Partal atresia of right arch between the onigins of the nght
common carotid and night subclavian
(c) Atresia between ongns of the night subclavian artery and the
aortic msertron of the ductus
It will be noted that these anomales are murror 1mages of those
already known and belonging to group |
INCIDENCE The right sided aorta has hitherto been regarded as a
rare congenttal malformation In Abbott s (1931} one thousand cases
1t oceurs oaly fourteen times The anomaly was first descnbed by

difort (1793) The association of a mght sided zoma with the

San nown since the time of Corvisart (1818)

tetralogy of Fallot has been k
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Assmann (1924) sho first described the radiologreal pictuse although
wncompletely referred to 1t as  Hohe rechtslage der Aorta  and from
its occurrence in s three cases with other congenital anomahes he
assumed that 1t was always combined with these latter A large atnal
septal deflect was present 1n the case of Assmann Bedford and Parkinson
(1936) reported its assocration with the Esenmenger Complex and 1t
accuss @ 50 per cent of cases of perststent truncus arteriosus o
found with the varous types of dextrocardia It 1s probably much more

%’Ii v €

) 5 O~

3

16 34 Duagram of the tyves of right srded aortic arch (After Brumbhk )
1 Nommal 2 Assmann s type 3 Atk s type with persistent Jeft roat

frequent than 15 at present esttmated and no doubt the mass radio
logical sutveys of the populstion will bring many symptomless cases
to hght

In regard to the donble aorfic arch most of the twenty cases collected
by Lockhart (1929) were found m children under seven months of age
In Lian a0d Marchal s (1937) case thete was a functsiomng double
agrita at the age of 32

CLINICAL PICTURE Most often the anomaly 1s symptomless and only
found at post mortem or in the dissecting room A farge sing 15 unlikely
1o gne nse to symptoms but a small ight ning may canse tracheal
compresston and less frequently oesophageal obstruction wih
dysphagia

Dysphagta may occur 1n adults after 50 when degenerative vascutar
changes take place When present dysphagia is due to pressure on the
oesophagus by the aotta and its left root (fig 34) or by the posterior
limb of a double aotta O Hy when an Teft sub
<clavian putsues a retro oesophageal coune 1t may also cause dysphagra
This general type of dysphagta has been called dysphagta Insona
According to Fagee (1856} the term lusona (from the Latin fusus a
freak) was first applied by Bayford of Lewes {1789) to a case of
dysph where an lous nght subcla artery passed between
the trachea and oesophagus Arken (1936) has called attention to ceztun
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physical signs present yn fus cases These are dulness afong the upper
oght border or the sternum extending as jugh as the right sterno
clavicular articnlatton visible and palpable systoltc pulsatton n the
second and third right spaces near the stecnum and m the nght supra
clavicular fossa maumum tensity of the aortic sounds to the nght
of and above their usyal situation The other heart signs are norrial
The diagnosis 1s essentrally radialogical and 1 the absence of symp-
toms may be purely accidental

B

Fia 35 Tracings of the tight wded portic arch (After Bedford and
Parlanson } A with persistent 1eft root B Assmann § Iype

In regard to the spectal symptomatology of the double aortic arch
there may be no symptoms in adults In children the symptoms are
those of noisy breathmg strdor and dysphagia with exag
geratton of these Symptoms when the child 1s fed or when 1t les down
Recurrent trachettrs and bronchtal infection 1s common and the case
may ferminate i bronche-pneumonia as did that of Seelling and Erb
(1933) From a diagnostic pomnt of viesy wheezing Srom birsh and bater
dysphagra are the most p Actual di I
maaly radiological and so far the butk of cases have only been recog
mzed at autopsy Awareness of the possthality of a double aortic arch
and 1$s importance from the pont of view of surgicat correction should
Iead to more frequent diagnosis tn the future

RavmnLacy The aortic knob is absent on the Jeft side and the aorta
projects 1o the nght where 1t may be scen either as a detimte knob
below the right sterno clavicular jont or as a band hke shadaw
extending up to the rght clavicle The appeatance with barom m the
ocsophagus 1s pathognomenic as the night sided aortic arch lies to the
nght of the o~sophagtis which latter 1s wdeated and pushed 2o the
left There may somelimes appear 1o be two aortic knobs the smaller
and less clear one being on the Jeft side (g 35y This feft sided hnob
15 the persistent left aorti root and besag placed behind the oesophagus

1s not so clearly visible The trachea 15 alsa placed to the left with the
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result that the 10t bronchus tends to become vertical as the continuation
of the trachea whiist the nght bronuhas anses at an obtuse angle This
reversal of the normal coadition has been descubed by Lran and
Marchal (1937) as the sign of mverston of the bronchn These same
obrervers have noted a funchional double aorta in which both nght
and left sortic knobs were actnvely pulsating Where the night sided
arch 15 combined with the tetralogy the aorta appears larger than
normal and displaced to the nght

In the nght obhquz postion the nght aortic arh and diverticulum
push the trachea and oesophagus forward gising a very charactenstic
picture Absence of displacement of the oesophagus tn this view sug
gests that there 15 no aortic diserticulum  Examination of the patient
with hiptodol m the trachea and a banism swallow may show narrowing
of the trachea above the bifurcation and some shyht indentatiog of the
oesophagus (Gross 1945}

A practical pomt if surgery 15 entertaned 1 that the ductus
artensosus s usually situated on the same side as the upper portion of
the des~ending aofta and so determines the ssde on which the chest
should be explored

Angrocardiography s of value 1n tracing the aorta and its use 1s
well exemplified in the case of Roche Stemnberg and Robb {1941) In
thiscase a large pulsating shadow on the n1_ht border of the heart was
thoucht to be an ancurysm but thiy method showed i1 to be a tortuous
descending aorta the continung part of a nght sided aorta with a
presistent eft root

Courst AnD PrRoGNOSIS The night aortic arch unless combined with
other anomalies may pursue an entitely symptomiess course The
uhief nisks are theoretical and would be engendered by oesophagoscopy
or ather wtrathoracic operations The anomaly of sself may not

shorten Iife and the prognosss 15 that of the associated congemtal heart
abnormality o any

Sargical Treatment of Donble Aortic Arch

The first successful operation was performed by R E Gross on
9th June 1945 The patient was an nfant of one year with tracheal
and Prel Yy tigation had

disclosed compresston of the trachea above the bifurcation and indent
atton of the postertor wall of the oesophagus
Under cyclopropane anaesthesia the chest was opened through a
i=ft anterofateral incision through the third iaterspace the second and
third costal cartitages being divided When the mediasternal pleura
was opened dissection of the tssues offered a clear view of the great
vessels aff of which were tdentthed In this case there was a double
sorta the aorta dividing just above sts ongin mto two hmbs which
passing respectively anterior and postertor to the trachea joining to
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form the descending aorta thus making 3 ring round the trachea and
oesophagus The Ting was tightened by the hgamentum artertosum
which ran from the left pulmonary artery to the potnt of junction of the
two aberrant vascular hmbs of the double aocta

The tracheal compression was reheved by dmvision between sitk
ligatures of the lgamentum artersosum Ths caused the pulmonary
artery to fall forward away from the trachea This procedure did not
tause complete relief and so 1t was decided to interrupt the smatter
antertor lunb 1 such a manner that the arculation 1o the descending
aorta would not be compromised The anterior imb was accordingly
severed between ligatures berween the Jaft common carotid antery and
the left subclavian The left carottd diately displaced
utself supertorly and to the right and the trachea was obviously relicved
of pressure The chest wall was then closed the left funy, bemng com
pletely expanded before finaf suture of the wound

Post opetative treatment cansisted of a steam room for one week
and parenteral sulphadiazine and pentcilfin for srxteen days At the end
of a week there was no pyrevia and no distress of any kind

It appears from a surpical pomt of view that the essential procedures
are dvision of the smafler arch and of the hgamentum artersosus  In
those cases of fight aortic arch where there ts actual compresston
dwvision of the ductus may engble the pulmopary trunk to fall away
from the trachea An abnormal subclavian artery should be ligatured
and divided and the igamentum artertosus may be divided as well

Abnormalities of the Coronary Artenes

Abnormalittes 1n the ongin of the coronary arteries are uncommon
They have been studied by Bland White and Garland (1933) and
informative reviews are given by Soloff (1942) and Kaunttz (1947) The
left coronary artery ts most frequently wvolved perhaps because the
ostium of the left coronary artery 1s much closer 10 the pulmonary sinus
than 1s that of the nght Soloff teen cases of 1
Ieft coronary artery and to these may be added that of Proescher and
Baumann (1944) and the w0 cases of Lyon Johansmann and Dodd
(1946) The recent sunvey of haumtz hists twenty seven cases

The effect of such an anomaly where placentent of a coronary artery
w the pulmonary artery results 1 a qualitative defect in the blood
supply 15 to cause degenerative changes with replacement fibrosts in
the territory of the artery derved from the pulmonary artery Dilatation
of the affected chamber ensues and the heart hypestrophtes The lesion
has been recorded as a cause of the so~called rdtopathic hypertrophy
of the heart (page 42) In some cases if survnval has been long encugh
an arteriovenous aneurysm may develop n the heast wall (Abbott 1927
Brooks 1885) In one case that of Brorck and Crafoord (1947) an
anomalous branch of the left coronary artery entered the pulmanary
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artery forming an artefzovenous aneurysm with a continuous bruit
Oceasionally the right coronary or a third coronary artery the latter
of lttle sigmificance may anse from the pulmonary artery There
may be a single coronary artery In complete transposition of the
vessels both coronaries anse from the transposed aorta and venous
ventricle

PatnoLoGy When a coronary artery arses from the pulmonary
artery 1t results 1n a qualitative defect in the blood supply leading to
d changes and rep!, fibrosis 1n the terntory supplied
by the aberrant vessel Only when an accessory coronary arises from
the pulmonary artery are these changes mimimal and neghgible In the
two cases where the night coronary artery arose from the pulmonary
artery Moncheberg s (1914) man of 30 who died of a dural haemor
rhage and Schiey s (1925) man of 61 who had syphilis there were no
gross changes 1in the musculature of the night ventricle This 1s 1
marked contrast to the case where the left coronary anses from the
pulmonary artery It seems possible therefore that the right ventricle
which performs less work than the left may be able to function with
a less oxygen supply than the left ventricle It 1s mteresting to note
that in the ordinary human subject artertosclerosis occurs with about
equal frequency 1n both coronary arteries yet 1t 15 uncommon to find
marked degenerative changes and fibrosts 1n the right ventricle This
observation suggests that the ogygen needs of the left ventricular
musculature exceed those of the right ventricle which latter can
function 1n the normal case with the low oxygen content of venous
blood In this connection too 1t should be remembered that the right
ventricle 1s tichly supplied with Thebestan vessels and infarction of the
lateral wall of the right ventricle ts uncommon in comparnison with
nfarction of the left ventricle due to the collateral circulation provided
by these vessels King (1941) suggests that changes in the left ventricular
wall are not necessanily due to the low oxygen content of the venous
blood that 1t receives He believes that anastomosis between the
coronary vessels are such that the affected area recenves sts blood supply
from the nnaffected coronary artery and that flow 1n the aberrant vessel
1s toward the pulmonary artery rather than from 1t When degenerative
changes occur they are due to failure of the collateral circulation under
stress The frequent onset of symptoms when the infant passes from
the vegetatne to the more active state lends some support to this
view

The actual degenerative changes are pecularly constant 1 the
tecorded cases All stages of degenerative disease are present mncluding
fatty changes 1schaemic necrosis fibrosis and caloification The wall
of the aberrant coronary artery 1s often thin and vein like Soloff (1942)
has paid patticular attention to the embryonic sinusoids which main
tamn a communication between the left coronary and the ventricular
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cavity These were numerous 1n his case an infant of four months and
appeared as larye distended spaces 1n the left ventricular musculature
which were lined with a single layer of flat endothelial cells Before the
appearance of the coronary arteries these spaces carry blood to the
muscle fibres and their persistence mn numbers has been also com
mented upon by Grant (1926) and Bellet and Gouley (1932) The
normal fate of these sinusoids 1s that as the coronary arteries are
developed they are reduced to capillaries and persist as part of the
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Fic 36 Changes n the distal bulbar swellings and coronary orifices

A before rotation B afier rotation C aiter normal diviston p after
abnormal division so that coronary artenes apsse from pulmonary artery

coronary circulation Some are destmed to become the vewns of
Thebestus communieating with the ventricular cavity (Grant 1926)
An aneurysm of the left ventricle was present 1n Barnard s {1938) case

EMBRYOLOGY The rudiment of the coronary artery or coronary bud
appears about the fourteenth day of foetal Iife the left coronary bemng
formed before the right The endothelial buds appear in the truncus
arteriosus before 1t 1s subdivided into aorta and pulmenary artery by
the development of the spiral septum Grayzel and Tennant (1934
reporting a case of tricuspid atresia with coronary arteres arising from
the pulmonary artery suggest that the anlage of the coronary artery
appears In the antertor part of the distal bulbar endocardial cushton
destined to form the anterior cusps of the aortic valve 1If the coronary
buds are 1n the posterior parts of the endocard1al cushions the coronary
artertes will arise from the pulmonary artery The mechanism 1s dia
grammatically shown i fig 36 It 1s apparent that displacement of
faulty development of the spiral septum or a musplaced bud may
result in one or both buds comng within the pulmenary artery 1t1s
therefore posstble for the following abnormalities to occur The classt
fication of kung (1941) has been followed

Abnormalities of Origin "
(1) Ongm from a common arterial trunk gross abnormahittes of the

heart transposition
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{2) Ongin from the pulmonary artery
(a) Left coronary
{b) Rught coronary
{¢) Both coronary arteries
{d) Accessory caronary artery
(3) Abnormal ongin from a normal aorta
Single coronary artery
(4) Anomalies of number
{5) Anomalies of distribution
{6) Aneurysm

ORIGIN OF CORONARY ARTERIES FROM A COMMON ARTERIAL TRUNK
ABNORMAL ORIGIN ASSOCIATED WIT{L MALFORMATION OF HEART

Where there 1s a single arterial trunk as 1n cor biloculare or cor
trloculare the smgle vessel gives off two pulmonary branches and then
continues as the arch and descending aotta with their appropriate
branches There 15 often a single coronary artery In complete trans
position of the vessels both coronaries spring from the trapsposed
aorta and venous ventricle Farlure of torsion resulting mn partial
transposition changes the position of the vessels relative to the aortic
cusps (Abbott 1927) In aortic atresia the coronary atteries are found
1n their usual position but recetve their blood through a patent ductus
1nto the cul de sac of the atretic aorta In some complex abnormalitres
the coronary artery has arsen from the carotid artery (Vernon 1856)
or from a pulmonary branch (Dreyfuss 1929 Tow 1931)

Ongn from Pulmonary Artery

(1) Lerr CORONARY FROM THE PULMONARY ARTERY There are twenty
seven confirmed cases 1n the literature to date the most recent betng
those of Carrnington and krumbhaar (1924) Bland White and Garland
(1933) Sanes and kenny (1934) Chown and Schwalm (1936) Barnard
(1938) Soloff (1942) Proescher and Baumann (1944) Dlaz (1945)
Eidlow and Mackenzie (1946) Lyon Johansmann and Dodd (1946}
and kanmtz (1947) Soloff has reviewed the existing literature and con
siders that the condition 1s not mcompatible with hfe if there 1s an
adequate coronary circulation He describes a clinical preture 1n young
children (page 96) 1n whom symptoms may appear 38 the second or
third month and death a few months later The charactenstic pathology
has been mentioned above and consists of marked degenerative change
with fibross and owasenally calodication w the left vertinie These
changes are 1dentical with those induced by coronary sclerosis 1n the
adult and may be accompanied by electracardiographic changes with
T wave invasion 1 one or more leads The T wave was inverted 1o
leads 1 and 2 of the case of Bland White and Garland and there was
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ow voltage T wave inversion was also present m
(1946) and hauntz (1947) P hocase of Lyon et of

In some cases the abnormalty has been compatible with adult Jife
Abbott 5 (1927) case met an accrdental death at the age of 64 The
descending branch of the left coronary entered a large sinus which was
in commumecation with large vessels Rubberdt s (1937) 27 year old
man died suddenly at work and a greatly enlarged right coronary
artery na tomosed with the left Kichel s(1934) case aged 38 had also
a very large right coronary artery and there were anastomoses betwecn
the two coronary vessels Dietrich s (1939) patient a man of 57 had
hypertension angmna pectonis and auncufar fibriifation It ts evident
that an effective collateral crrculation was present in these cases who
survived 1o a later age

{2) RICHT CORONARY FROM PULMO aRrY ARTEPY [here are but two
recorded cases of the abnormality those of Monckeberg (1914) and
Schiey (1925} Both cases aged respectively 30 and 61 died of inter
current disease unrefated to theyr anomaly There were no changes of
note in the right ventricular musculature The night coronary artery
was thin walled hike a vern and 1t is assumed from the absence of
pathological changes that there was an adequate anastomosts between
the two coronary artertes Possibly as mentioned above venous biood
contarns sufficient oxygen for the lesser metabohie needs of the rght
ventncle or the Thebesian vessels furrushed an adequate collateral
crculation

(3) BotH CORONARY ARTERIES FROM PULMONARY ARTERY THhis must
not be confused with the state found 1n a complete transposittor of the
vessels where both coronary arteres are filled from the venous ventricle
Onlv two cases are known those of Grayzel and Tennant (1934) and
Limbourg {1937) The former case was accompanted by a gross mal
formation with tricusptd atresta and the latter showed left ventricular
hypertrophy Both died at the tenth day with cyanosts and extreme

dyspnoea
(4) AccEssory CORONARY ARTERIEs These ate penerally small and

of no chinical significance
ABNORMAL ORIGIN FROM A NORVMAL AORTA
The coronary artery espectally the nght may anse at a highee Tevel
than usual above the aottic cusps A coronary artery may aho anse at
an unusual sinus Thus both coronaries may anse from the same sinus
and own the same orifice These cases are often described as having an
absent corohary artery ar as a single artery This designation may
be anatomically correct but 15 functionally smcorrect bewause the
branches of the vessel anising from the ather sinus of Vaisaba take over
1he terntory of the vessel that has farled at 1ts usual pomt of enigmn
Jores s (1937) case had a smgle cotonary artery springing from the
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night simus which divided at once into three branches one the nght
coronary and the other two branches corresponding to the left coronary

1 Srith and Graber s {1926) cases with coronary thramboss a stngle
nght caronary divided into two branches ane corresponding 1 its
dsstrihution to the left coranary Gallavardm and Revault s (1925) case
is similar In King s (3930) case a large right cotonary artery immed:

atelv dinvided 1nto three branches the mamn vessel corresponding to the
nght coronary and most of the eircumflex branch of the left coronary

The ntermediate vessel took the place of the antenor branch of the
right coronary and the third branch replaced the anterior descending
branch of the left coronary artery

Anomabies of Number

Diminution 1 number 1s discussed above Where there 15 a reduction
the other vessel gtves branches which take over the distribution of the
absent vessel

Three or four vessels may arsse from the aorta and an accessory
vessel may artse from the puimonary artery These are without chimeat
significance

Avomalies of Distribution

There are many minor differences 1n distiibution which can be
regarded as anatomical vanants of the normal The cormmonest 1s when
the ciecumflex artery of the left coronary extends to gne a posterior
descending branch and supplies an area of posterior aspect of the
nght ventrile Other anomalies occur n connection with the single or

abs nt vessel above

ANEURYSM  The first reported case 1s that of Malet (1887) A cirsod
aneurysm of the right coronary artery was present in the case of Hartrty
{1937} The aneurysm communiated with the nght auricle There was
a deficiency of elastic tissue i the vessel and it was thought that the
connection with the auncle was due to persistence of a foetal com
mumication which s ordinanly rduced to capillary size

An artenovenous aneutysm of the nght coronary artery and coronary
simus has been descnibed by Halpert (1930) 1 2 man of 54 The nght
coronary artery expanded immediately after sts artgu into 2 serzes of
large vascular Joops opened by a short vessel mto a dilated coronary
sinus The & was dess dunng hife Lo h {1932y
reported an arteriovenous aneurysm of the right coronarv artery and veta

Locahzed drtatations may also occur upan the walls of the coronary
artertes espectally the feft corresponding 1o those seen n the cerebral
vessels and have even beea found 1n the mterventricalar septum They
are Biable to rupture causing 2 haemopericardium and death They are
symptomless unnl some accident owcurs and are unlikely to be
recognuzed unthil post martem examination
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An nteresting and unusual case 1s that of Biorch and Crafoord (1937)
where an arteriovenous aneurysm of an aberrant branch of the Jeft
coronary arfery d with the pul, y artery There was
a machiery murmur 1dentical with that of the patent ductus The
abnormality was revealed on exploration of the heart and the aneurysm
was tied between lgatures with cure of the patient who was aged 15

CLINICAL PICTURE Only those cases where the left coronary artery
anses from a pulmonary artery need be constdered Reported cases

Fic 37 Radiograph of child aged 2 with gallop thythm and

gross enlargement of the heart The electrocardiogram (fig

38) was abnormal and a diagnosis was made of abnormaf
ongin of the coronary arteries

suggest that the 1nfant appears to be normal at birth but ;\(;ter a few
days to months there 1s evident resp y distress with dyspi h
cough and vomiting These symptoms 2re often worse after food hts
been taken There may be pain of a coltcky nature which Soloff bchc\cds
to be angina pectons because of the shock like facies pa([m; :md
sweating mnduced by eating Climeal examination Teveals an en ;;gtc
heart of which confirmation 15 recetved from the X ray picture e‘rA
are usually no murmurs present but a gallop rhythm 15 comm):)nn”e
personal case followed for a period of fifteen years showshn\ 1 eerﬁ :
of 15 marked impatrment of e;e;tno;al capacity but the gen
velopment of the patient 1s good for s age
deRcAonowGY The };:cart 1s grossly enlarged the left \cnmcle‘ht;c[l:‘;-;
matnly mvolved (fig 37) In the left anterior oblique po}s‘\tl\oz\nmgcd
ventricle 1s enormous and the night ventricle may be shightl y“e pri
Cardrac calaification 1n a young subject might be supgests

abnormality
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ELECTROCARDIOGRAM  The electrocardiogram 15 abnormal and
suggestive of the changes of coronary thrombosis There 15 1nversion
of the T waves 1n leads 1 and 2 and often 1n lead 3 Axis changes are
infrequent (fig 38)

Diagnosis The differentiation of this group of cases from other
conditions 1n which the heart 1s greatly enlarged turns upon the electro
cardiographic findings which are charactenishic Anomaltes which may
have to be differentiated are von Gierke s disease rheumatic carditis

|

I

i

Fio 38 Electrocardiogram of child aged 2 m whom an
abnormal ongin of the coronary asteries has been diagnosed

severe anaemia and the acute form of myocarditis of which Fielder s
myocarditis 15 the type

ROGNOSIS In general Soloff found that the ongm of both coronary
artenes from a pulmonary artery lead to death n a few days A left

coronary artery ansing from a pul 'y artery was ble with
lnl‘:‘:'lf lh‘cre was an adequate collateral circulation Most often the
t 1 15 1nad and h necrosts

and subsequent fibross leads to death below the age of one year A
few cases survive to adolescence or adult ife and survival has been
known to the age of 64 (Abbott)

Abnormalities of the Pulmonary Artery

Absence of a main pulmonary artery 15 rather rare but 1t 15 worthy
of constderation because 1t 1s an abnormahty that may be encountered
when operation 15 performed upon a cyanotic child Blalock has
observed absence of 2 pulmonary artery branch on two occastons 1n
his series

In Fraentzel s (1868) woman of 25 the night branch of the pulmonary
artery wag absent, There was an 2ot seplat defact of 12 mo drameter
between the aorta and pulmonary artery Just below the arch the aorta
gave off a large vessel which entered the night hilus The ductus arterio-
sus and foramen ovale were closed

In Doering s (1914) case the nght pulmonary artery was absent In
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1ts place a large vessel was given off the innominate artery The ductus
arteriosus was widely patent Ambrus (1936) reported a case in which
the night branch of the pulmonary artery was absent and the widely
patent ductus arteriosus was continuous wrth the descending aorta
An anomalous right pulmonary artery was given off as a branch of the
tanomenate artery In Muller s (1938) case the right branch was com
pletely absent and 1schaemic necrosis of the right lung resulted m a
pneumothorax on the fourth day of Iife

In a different category are the cases of Statman and Zawisch (1947)
In the first case « pulmonary trunk gave off a right branch and beyond
this passed through a widely patent ductus arteriosus into the aorta
The wnommate and left carotid arose from the ascending aorta The
night lung was doubled 1n size and the left lung existed as a rudiment
behind the aortic arch In their second case a truncus aorticus solitarus
a patr of pulmonary arteries arose from the back of the descending
aorta and were 1n all probability an adapted patr of first mtercostal
arteries [n other cases of stngle aortic trunk a patent ductus arteriosus
divided nto two pulmonary artertes as in the case of Popjak In
Shapiro s case a left and right pulmonary artery atose from the aorta
about 2 cms above the cusps The right pulmonary artery gave off an

artery A I pull y vessels may take origin at

about the level of the tenth thoracic vertebrae and pass laterally to
the lower lobes of the lung Examples are those collected from the
literature by McCotter (1910) In addition a pulmonary vessel may
arise just at or occastonally just below the level of the diapnragm
Lastly an anomalous artery may anse from the coeliac axis (Batts
1939) from the right phrenic artery from the mnominate artery or
from the night subclavian (Menke 1936) Douglass {(1948) pomts out
that a great many cases have been assoctated with a pulmonary cyst
confirming their onigin as congenttal anomalies

Most of these anomalies are capable of embryological explanation
There are six patrs of aortic arches in the embryo not all present at the
same time The pulmonary artery trunk dewvelops from the truncus
arteniosus and the branches from the sixth aortic arches The right
subclavian 1s derived from the fourth right arch The ventral com
miunications between the third and fourth arches become the common
carotids The communication between the fourth and sixth arches on
the night side becomes the innominate artery The fifth arches the last
to appear and the most rudimentary join with the sixth arches and

should the stxth arch be absent or fail to develop an anomalous pul
monary attery may be developed from the fifth arch In regard to cases
with agenesis of a lung the pulmonary branch from the sixth arch
reaches 11s respective pulmonary bud at about the 5 mm. stage of the
embryo If the pulmonary artery fails to develop growth and develop-
ment of the lung may also be arrested
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Anomalies of the Great Yemns

The coronary sinus 1s derived from the transverse part and left horn
of the sinus venosus In early foetal hife a left superior vena cava enters
the left horn of the sinus The left vena cava gradually atrophies a
vestige rematning, as the oblique vein of Marshall The pulmonary
vemns anse as a single trunk on the dorsal wall of the sinus venosus
and as this latter structure becomes incorporated i the auriwcle they
come to lie on the postertor wall of the auricle to the left of the left
valve of the sinus venosus When the left valve of the sinus fuses with
the septum supersus to form the interauricular septum the pulmonary
veins enter the left aurile Disturbances of or arrest of normal develop-
ment of these structures results in numerous anomalies many of which
are of Iittle clinical importance and most of which are unrecognizable
by chinical methods Perhaps the most interesting assoctation with
anomaltes of the great veins 1s a defect of the septum secundum Such
defects are situated directly beneath the onifice of the superior vena cava
which 1n 1tself 1s abnormatly placed and looks nto the cavities of both
aurkles A right pulmonary vein entering the supenior vena cava or
both pulmonary veins entering the night auncie may or may not be
assocrated with a stmular defect

PERSISTENT LEFT SUPERIOR VENA CAvAa A persistent left superior
vena cava may enter the heart through the coronary sinus and repre
sents persistence of the anterior cardinal vein and duct of Cuvier of
the early embryo The various types of persistent left superior vena
cava have been classified by McCotter (1915) into five groups

(1) Right and left superior vena cava without anastomosis

(2) Right and left superior vena cava with small anastomosts

(3) Right and left superior vena cava with normal anastomosis

(4) Left superior vena cava with absence of right vessel

(5) Left superior vena cava not falling into the above categoris

Of these group (1) 1» the commonest type and 1s usually assoctated
with other anomalies such as abnormal tertnation of the pulmonary
vetns and defects of the interauricular septum Sometimes the left
pulmonary vern opens mnto the left superior vena cava as 1n the case of
Johnston (1915) A persistent left with absence of the right supertor
vena cava has been described frequently (Dietrich 1913 Schultz 1914
Abbott 1936) The clinieal picture 1s that of the complicating abnor
mality and a left supertor vena cava may occastonally be recogmzed
duning life by the radiological picture which shows widening of the
supenor medrastinum

Anomalies of the Pulmonary Veins

Arrest of development may take pl.ce so that both pulmonary vemns
enter the coronary sinus by a common trunk and thence the right
auricle The foramen ovale remains patent as the sole means whereby
H
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?xlr(::%(liau";? tzlr_\ll‘er the )eftrudc of the heart and so reach the systemtc
formale Chﬂdrene cases of Nabarro (1903) and Abbott (1936) both
of Sanes (1939 aged 5 months and 2 years respectively and the case
) are examples of thi anomaly The pulmonary vems
may drain directly into the nght aurcle as m the mine months old
child reported by Duff (1938) In this case the foramen ouale was
patent and there was no trace of a valvular flap over the foramen
Absence of the valve was Interpreted s an indicatron that the foramen
primum had formed the final septum and that the left valve of the
sinus verosus had not been incorporated mnto the auncular septum
so that the pulmonary vetns remamed in the right auricle
The pulmonary veins may enter the superior vena cava Severat
1ypes of this anomaly have been reported The night pulmonary vetns
may enter the superior vena cava the left pulmonary vems bemg
normally sited The left pulmonary vems may enter a persistent left
superior vena cava or a left tnnomunate vein The entire venous return
of the lungs may empty into a left supertor vena cava and pass through
an mnominate vern to reach the right superior vena cava and the right
ausicle The cases of McCotter (1915) and McManus (1941) are good
examples In Guillespre 5 {(1941) case the lungs were yotned together by
a stngle vein from the suddle of which arose a thick trunk which
entered the lower postertor part of the supertor vena cava Lastly a
number of bizarre cases have been reported 1n which a pulmonary vemn
has enfered such structures as the mferior vena cava the azygos vetn
the subclavian vern or the portat vein
PATHOLOGICAL EFFECTS OF PLLMONARY VEIN ANOVALIES Anomalies
of the pulmonary veins result 1 some or all of the venous return from
the lungs entening the night auncle As a Tesult hypertrophy of the
right aunide and ventricle enswes and the pulmonary artery dilates
The destee of these changes will vary being less n those cases where
part of the venous return is abnormally diverted and extreme where
the whole venous return of the lungs 1s returned to the nght auncle
The left aurrcle remaims small and the only onfice eatenag 1t 1s the
foramen ovale It 1s through this foramen that the systemsc circulabon
1s supphed A certain pumber of cases are associated with gross defects
of the postertor part of the aurscular septum  In others the himbus of
the fos>a ovalis may show no vahve flap but 1 a porportion of cases
the foramen avale may be furmshed with a valve At autopsy apart
from these general findings the lver ts enlarged and the lungs congested
owing to farlure the commonest cause of death
In regard to the circulation 3t 15 obvious that a considerable volume
of oxygenated blaod will be recurcufated i the pulmonary circurt TT‘”
systemic Srreulatior s the extreme forms of the snomaty 1s solcyr
supplied through the foramen ovale and to ths extent lhrc cmtcn‘crcwz
the pattent 1s Qetermined by the degree of patency of this or
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Cyanosss 1s only present as a terrnal event and 1s then accompanted
by congestive heart faifure The cyanosis 1s mainly due to peripheral
stasis

CrNicaL PicTurg Enlargement of the heart 15 the rule and the left
chest bulges The heart may be so enlarged as to appear to occupy the
whole left chest There 1s no cyanosis until fatlure supervenes and 1t
15 a terminal event A systolic murmur may be present or absent and
when present 15 thought to be due to the passage of blood through the
foramen ovale The systolic murmur 1s loudest at the base The pulse
1s small and the blood pressure low Abnormalities of the cardiac
thythm are common either paroxysmal tachycardia flutter or a per
sistent sinus tachycardia Later there are the signs of congestive heart
failure with enlargement of the hiver

RADIOLOGY The heart 1s enlarged to night and left with a proment

y conus and changes 1n the lung fields In those

cases where there 1s a persistent left superior vena cava there 1s widening
of the vascular pedicle due to the shadow cast by the distended
anomalous vessel The oesophagus 1s not displaced The obhique view
clearly demonstrates the gross enlargement of the nght cavities

ELECTROCARDIOGRAM Even 1n the more minor degrees of the
abnormality there 1s right axis deviation The arrhythmias indicated
above may be present

Diacnosis It might be possible to make 2 diagnosis during hife if
the possibility 15 borne 1n mind The salient feature 1s a grossly enlarged
heart without cyanosis and with a night axis 1n the electrocardiogram
The newer methods of cardiac catheterization should show an abnor
mally high oxygen content 1n samples withdrawn from the nght auncle
and the figures of oxygen saturation obtamned mught well be 1dentical
with those obtained 1n a sample of arterial blood

In regard to differential diagnosts the aunicular septal defect has to
be distinguished This may be a matter of difficulty because the X ray
picture s not whotly dissimilar Likewise arrhythmias are prone to occur
i the auncular septal defect as in other conditions where there s
auncular hypertrophy It may however be said that the auncular
septal defect rarely causes symptoms 1n infancy and enlargement of
the heart appears much later than 1s the case with anomalous pulmonary
vems

The only possible treatment of a radical nature would be surgical and
this has not yet been attempted Digitalis may be given for the control
of failure and arrhythmias may be treated with appropnate remedies




CHAPTER VIIU

ABNORMALITIES OF THE SEMILUNAR
cuses

The aorta and pulmonary artery are formed by the diviston of the
truncus arteriosus The distal butbar septum dnades the tateral par of
the four bulbar endocardial cushtons with the result that there arc
three endocardal cushions m each artery From these develop the
aortsc and pulmonary cusps by a process of hoYowing out rregelanty
tn the growth of the distal buibar septum whereby one lateral cushion
remains unbisected may account for the formation of only two cusps
in the aorta The bicuspid pulmonary valve of the tetratogy of Fatfott
has been explatned by Spitzer (1923) on a phylogenetic ba ts (page 259)
as due to the persistence of the bicuspid reptithan right dorta Simonds
{1923) suggested that fuston of the two halves of the bisected lateral
cushions mught stmularly lead to the formation of brcuspid valves In
other cases four cusps may be present in one or other of the artertes
The fourth cusp is usually small and has the appearance of having
been nterpolated and may anse from an abnorma} supernumerary
endocardal cushion Four cusps are infimtely more common in the
pulmonary artery than s the aorta (g 39)

Fenestration of the Aorfic and Pulmonary Cusps
Fenestration of the aortic and pulmonary cusps s not uncommon
[t accuts n the crocodtle and other fower vertebrates It 1s thought by

Foxe (1929) that fenestrattons were d fies therr mciders
with age | above the line of closure of the valve

are rarely of siznificance but cases have been reported where they
caused aorhc incompetence

Bicusprd Aorhic Yahe
The association of a hicuspid dortic valve with other congenital
Jies 15 strong evid: af ad ] etiology A hes of the
aortic valve cusps are most frequently associated with eardac abaar
malibies of the acyanotic type and particularly with coarctation of the
sorta T other dccompanytag acyanoti Jesions found ate Jocahized
defects of tite interventricular septum aortc septal defects patent
dyctus artertosus subaoOsiic stenosis and anomahes of the aortic arch
Apbott {1932) suggests that the frequent asscomation of a bicuspid
sortic valve with abnormahties of this type may have a bearing on

etiology
(2]
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There remamns a group of cases 1n which a bicuspid aortic valve
exists as a sole abnormality In 1ts simplest form the bicuspid aortic
valve exists as two valve cusps without any nidge or raphe More often
there exists a conjoined cusp with a ndge or raphe that subdivides 1t
This1s particularly the case i the adult and an almost precisely similar
appearance may be presented by the acquired form of bicuspid valve
which results from inflammatory fusion of adjacent cusps and the
ultimate disappearance of the fused portion It 1s hikely that the

088
008
008

Fic 39 a Normal division of common trunk with
two sets tricuspid valve 8 Abnormal division of com.
mon trunk bicuspid aortic valve € interpolated
abnormal cushion providing a fourth pulmonary cusp

acquired bicusprd valve 15 more common than the congenital type now
that the two types can be histologically differentiated The frequency of
nfective endocarditis and the liability of defective tissue to bacteral
nvasion has led m the past to the assumption that most cases were
congenital whereas in fact any deformed valve whatever 1ts etiologv
1s equally susceptible to tnfection

Because of these varying etiologtes the ultimate recogmtion of a
congenital bicuspid valve may depend upon microscopical examination
Below the age of five it 1s safe to assume a congenttal ongin If there
are two large cusps without a raphe or ridge behind one of them orif
there 1s a low thin ridge of healthy appearance the probabilities are
that 1t 1s a developmental ongin Oslet (1886) stated that the character
1stics of a congemtal bicuspid valve were a low almost obliterated
raphe a large stngle cusp with a compensatory shortening of the
smaller fused cusp 1n order to make the valve competent frequent
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fusion of the coronary (anterior) cusps and absence of the corpora
Arantit These criter1a are held to be madequate by Gross (1937) and
Koletsky (1941) Lewis and Grant (1923) found that a low raphe with
parllel borders and bifid anterior end was always on microscopual
cx?mmauan of congenital ongin This corresponds with the view of
Osler
The microscopical examination of the bicuspid valve was first
conducted by Lewts and Grant (1923} who made sections of the raphe
behind the conjomed cusp Their important findings are concerned
with the distribution of the elasttc tissue of the aortic medta and valse
and 1ts relationship to the annulus fibrosus In the normal state 2
section of the commussure shows that the annulus fibrosus is to be
found superficial to the elastic tissue over the top of the commussure
as ongally described by Monckeberg (1904) A section of the con
genital raphe which represents an abortive commissure shows the
apnulus fibrosus to be deep to the elastic layer which 1s continutous
with that of the subintimal layer of the aorta The congemital raphe
thus presenls an arrangement of is layers precisely sumilar to the
arangement prevailing 1n the middle of a normal cusp and docs not
show the reversal of the layers normally taking place at the comnussure
Koletsky (1941) who studred bicuspid valves 1n the infant in general
confirms the histological findings of Lewis and Grant He states that
the characteristic appearance of a congemital nidge 1s that of a long
narraw bar like elevation of the aorta uniform in width and depth
and running mn the loang axis of the aorta from the cusp to the sinus of
Valsalva
The bicuspid aortic valve 1s prone to important pathological changes
The valve cusps may undergo thickening and fibrosts and ultrmately
calufication may take place It should not be assumed that many cases
of caleific aortic stenosts are of congenttal origin The recent monograph
of Karsner and Koletsky (1947) sugge ts that most cases ate rheumatic
1n ongm The results of such processes are scarnng and deformuty of
the cusps with the development of aort. stenosts and mcompe[e:cc
and later fatlure of & progresswve type There 1s a hability to sud cr;_
death either by rupture of a dilated ascending zorta or by rUptBre:zl
an aneurysm developing In the wall behind the abnormal cusp( eath
T Tt o i o
1n the relatively healthy bicusp:

ciféﬁifﬁ;;fme and fa\lureyBy far the most important complt
i tion of the bicuspd valve congenttal or acquired 15 fective endo
Lc-:rdms The hability of these structures tdo l’u“fe(;“lw 1(3;;;;;5 Y::v ::c:;gd
uzed by Graves (1843) and wa» Sissse yZSS:}:o“cd that infection
Grant (1923) and Grant Wood ar:’do l{gn;: O(clzsscz O s duc to.the

lve was not due to em
o:::?tcu‘?germs circulating 1n the blood stream tn parts of the vaive
al
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weakened by sclerosts and degenerative changes Ulcerative and
destructive processes are set up by organssmis that are hot necessanly
especially viralent the beng the P wirdans
“The appearances 1n mfechve endocardihis are stnhing and the Yutun
ance of the vegetations 1s out of all propurtion to the virulence of the
infecting orgamism The vegetations may spread 10 the aortic conus
and on to the antenior cusp of the mitral vahe

Cunvicar, Prcture There are no signs or symptoms which permit
ad Diagnosts if pted 1s purely ! and 1s per
missible when aortic incompetence 1s found m the presence of lestons
known to be assoutated with a picuspid aostic valve such as coarctation
of the aorta The lesion may also be suspected when there 1s an infectne
endocarditis of the aortic valye 1n the absence of rheumatie history

Course AND ProGNGsIS The subject mav lead an ordmary normal
fife without untoward 1ncident As sndicated above there 15 a nsk of
sudden death By far the greatest hazard 1s anfectve endocarditis and
this occurred in 20 per cent of Abbott s senies The average age at
feath 1s 33 years (Abbott)

Quadncuspid Aortsc Valve

An acric valve with four cusps with aortic incompetence was
reported by Froment Bertaye and Perrcan (1947) Such cases are rare
and superpumerary cusps do not appear to have the hability to bac
tenal invasion presented by the bicusprd valve Wauchope (1928) found
no example of a quadnicuspid valve 1n 1 966 autopsies

Pulmonary Valve

A bicusprd pulmonary valve as a sole 2bpormaltty 1s a verv rare
leston 1t 1s the constant accompaniment of the tetralogy of Fallot or
cases with dextroposition of the aosta or other grave defect and 1s held
by Spitzer 10 represent a perststent right (repnlian) aorta A super
numerary pulmonary cusp occnrs four tines 1n the senes of Wauchope
Five cusps are figured i1 a case of Peacock Sych supernumerary cusps
are often smaller than pormal cusps

Abnormahities of Septation

ANOMALOLS SEPTA 11 THE LEFT AURICLE Thus condition sometimes
referred 10 as a double lefy aurwle 1s rare Palmer (1970) collected ten
vases and added a further example A stmlar case has been reported
by McLester Bush and DuBois (1940) The left auticle 18 subdiided
nto two cavities an antersor Jower aad an upper posterior by a thun
perforated drrphragm which nses from the wall of the left anricle and
Joms the interauncular septum above the open or closed foramen
ovale The anterior lower cavity contains the mutral onfice while the
posterior upper cavity recenves the pufmonary verns The two cavities
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communicate by <iit like perforations
effects as a mitrat slcncslse and the dnphragm bas the same
The abnormality p 1y arises dary toa d pul y
::: 1::‘“ leads tq displacement of the septum primum 1o the feft the
ervening between the septum primum and secondum Palmer
SUBEEsts that the upper cavity represents the dilated end of the foetal
P y vein and 1s therefore not truly aunicular The lower cavity
would then be wholly auricular and the observation of McLester ef af
that the diaphragm contataed muscular tissue would support this view

There are no physial signs which permit recognition of the anomaly
during life

ANOMALOUS SEPTA IN THE RIGHT AURICLE Chiart (1897) described
network of fibres 1n the nght auncle lying between the mterauncular
septum and the Eustachian and Thebe 1an valves guarding the ortfices
of the nfertor vena cava and coronary sinus Generally the network
amounts to a few fibres but it may assume the proportions and m
portanice of a septum It 1s probably the vestige of the right venous
valve The importance of the condition ltes 1 the habiity of the net
work to become the seat of a thrombus formation with 1fs subsequent
rsks of pulmonary embolts This caused death m a case of Chiart
Curiously enough the network somettmes serves to arrest a thrombus
which might otherwsse have caused death from embolism (Haas 1916}
The condition which 15 present 1 2 3 per cent of otherwise normal
hearts (Yater 1936) usually gives rise to no defimte signs of symptoms
A continuous humming murmur with systolic accentuatton was present
n the case of Wilson (1938) A large anomalous septum 1n the case of
DuBots and Hollinshead (1944) probably represents a persistent nght
valve of the stnus venosus Free muscle cords 1n the aunicles have been
described by Brenner (1938)

ANOMALOUS SEPTA IN THE VENTRICLES The might ventricle may be
divided into two chambers 1t conus stenasis of the pulmonary artery
This arises as an appormality of involution of the bulbus cotdis the
onfice n the septum dividing the ventricle being the lower bulbar
onifice or ostium tnfundtbult Such cases have been reported as cor
triventriculare and are referred to on page 179

A second group of cases 1 where a rudimentary ventrtcle 15 cut off
from a common ventricle wmnto which both aurnuloventricalar onfices
open The transposed aoria generally anses from the rudimeatary
anterior ventnele (fig 90) These cases are mare fully discussed under
tnfoculate hearts

AnOMALOLS CHORDAE These are of no clinscal smportance but may
stretch across the cawity of the left ventricle They may give nisc to
peculias auscultatory signs In the case of Hamilton (1899) a murmur
\was audible fifteen feet from the patient Congemtal cord like structures

stretching across the aortic anfice have been described by Archer
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(1878) Ruzm (1935 1939) and Brody (1942) Their exact ongin 1s
unknown They extend from above one commussure to an adjacent
comnussure

Congemtal Arteriovenous Aneurysm

Thus rather rare condition 1s the result of a communiation between
an artery and a vein Hunter (1757) probably the first observer of an
artertovenous aneurysm thought the condition was always traumatic
m ongin Hewatt (1867) reported a congenstal arteriovenous aneurysm
mvolving the night thac vessels Halsted (1919) considered that con
gemtal aneurysms were very rare and were shightly more common when
associated with a naevus than when such an association was lacking
Rienhoff (1924) was able to collect twenty two cases to which he
thought a defimte congenital etiology could be assigned and he further

noted the close between | and {
arteriovenous fistulae Pemberton and Saint (1928) state that of twenty
five patients with arter aneurysm op: d on 1n the Mayo

Ty

Chinic between 1915 and 1936 sixteen were acquired and nine congemtal
1n onigtn

The d. ind between the d and 1
forms are enhanced by the apparent latency of some congemtal cases
until symptoms are evoked by strain There 15 an etiological relation
ship between the angiomata capillary naevt and arteriovenous
aneurysms for trauma in any of these condittons may lead to an
artenovenous communication Stmilarly related 1s the congenital
phieboartenectasis with associated haemangiectatic hypertrophy of a
limb of Parkes Weber (1918) Klippel and Trenauny had previously
described 1n 1900 a syndrome charactenzed by cutaneous naevus
congemtal varicose veins and hypertrophy of bones and tissues of the
1avolved kb Most commonly a leg ts mvolved but an arm could be
stmularly affected The varicosities are not always apparent I the very
young and tend to appear at puberty This syndrome 1s but a part of
the more diverse haemangiectatic condition described by Parkes Weber
and the term Parkes Weber Klippel syndrome has been applied to
those cases mn which hypertrophy of a limb has been associated with
naevus and enlargement of arteries of vetns or both Increase 1n the
length of the bones of the affected ltmb and advancement 1n time of
the centres of ossification has been thought due to ncreased arteral
blood supply and possibly to an increased size of the nutrient vessel
Servelle (1947) considers that venous stass 1s the more important
factor m bone growth and suggests that lumbar sympathectomy 1s
appropriate for the relief of the condition The pomnt may be made
that this anomaly should be considered as a potential aneurysm under
the influence of tranma or m states where the blood flow 15 increased
from any cause or 1f there 1s obstruction to the venous return
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Rienhoff (1924) from a study of the pig embryo has suggested that
the leston 1s the result of persistence of vessels or communicattons of
the primary anlage which failing to develop 1nto the normal definttive
vascular tree results in the formation of anastomottc channels between
the otherwise normally developed arterial and venous trunks It 1s thus
remarkable that congemital arteriovenous aneurysms are not more
frequent in view of the common ongin of both sides of the vascular
tree The acceptance of this view that arteries and vens anise through
differentiation from a common capillary plexus (Pemberton and Saint
1928 Seager 1938) reconciles the essential basal sumdanty of the
above lesions This view 1s endorsed by Dean Lewts (1930) who also
remarks upon the latency of the condition and 1ts secogmtion at about
the age of puberty when stramn may open up the channels and cause
an actual arteriovenous aneurysm of clinical significance Thehexlex:;
of such a ton may be d by arteriography an
venography An important arteriovenous fistula developing before
puberty 1s generally accompanted by changes in bone growth (haemangt
ectatic hypertrophy) Aneurysms developing after the closure of the
pumary epiphyses are unaccompanted by such changes They how
ever may provoke important changes 1n the heart which may become
greatly enlarged 1n certain cases Rienhoff (1924) and Abbott (1927)
have stated that enlargement of the heart ts absent 1 the congemtal
arteriovenous aneurysm although such hypertrophy of the heart was
present 1n the cases of Nicoladtn (1875) and Israels (1877) It 1s remark
able that a comparable fistula such as the patent ductus arteriosus does
not result tn the degree of cardiac hypertrophy occasioned by a pert
pheral artenovenous fistula This 15 because vasoconstriction in the
smaller pulmonary branches limts the blood flow through the ductus
1nto the pulmonary artery by maintaing pressure i the pulmonary
artery In the more penpheral fistula blood escapes readily into the
low pressure venous system against hitle resistance

An arteriovenous aneurysm may occur in almost any situation bu;
15 partrcularly associated with the Iimbs It may msolve the cxfr;rn::j
carotid artery and external jugular vein as in the cases of Rienho! :mr
Bigger and Lippert (1937) The ear may be involved as1a the :-;‘slh (:t
Eve (1880) and Lewss A umtque case has been described by ::nr»:r
(1930) where such an aneurysm formed between the ng};_t €oro! ls :
artery and the coronary sinus The essential anatonucal feature sa
communcatton between an artery and vewn without the lnttc}:wcln Ign
of a capillary bed The artery 1s greatly dnla(gd[ ;::(é(;r::l‘l;‘cocseesand

1al
and reduced n <7¢ bey'om;l'tm'l' hl:c‘ ;‘rti;rle As stated above enlarge
oedema of he affcted v t my;\ Timited number of cases and 15 of
ment of the h:: r;ulrsep;tgsar‘lc aneurysm by surgical ntervention ma]y'
A,
;2;3’?; :itum of the heart to a normal size This 15 especially wel




ABNORMALITILS OF THE SEMILUNAR CUSPS 109

shawn 1n the case of Quattlebaum (1937) Vanous explagations have
been offered of the cardiac hypertrophy Holman (1923) suggests the
increased work by the heart owing ta an tnereased senous pressure and
solume flow through the heart Ieads to its hy pertrophy and dilatation
On the other hand Lewis and Drury {1923) do not admut any nise w
venous pressure other than that resulting from congestive fmlure and
state that the changes in the heart are the result of a dunttntshed coronary
supply and poor nutritton of the heart Whlst alf the factors may rot
a8 yet be known 1t does seem certan that the dnersion of blood into
the venous system smplies an mncreased venous return to the heart The
heari responds to thus by dilatation and later by hypertrophy because
of the sncreased output that it has to maintamn The greater the outpn
the greater the chances of hypertrophy and the presence of symptoms
and signs of heart failure This proress 1s reversible and surgrcal cure
of the fistula leads to a return of the heart to a normal size Where the
condition has been present for a long time the enlargement 1s more
slowly reversible
CLIvCAL PIeTURE In its earhiest stages the presence of a fistula may
be revealed 1 young subyects by an tndolent ulcer assocated with a
Naevus varicose vemns or other vascular lesion and shight hypertrophy
of the affected imb In the well developed case an expanstle tumour 1s
preseat This pecomes larger as the leston progsesses perhaps mn
Tesponse to teauma or strmn A systohic or continuous thodt s palpable
aver the muss and corresponding systolsc mwmurs or coniinuous
hums may be present Where the lesson 1nvohies a ltmb the verns are
wmarkedly varicose and may pulsate Considerable oedema fs present
There may be trophic changes 1n the skin and dolent ulceration due
to short circutting of the blood supply A shghtly increased temperature
may be present n the affected part In cases where the leston has been
tstablished since an easly age excessive growth of the imb or nesghbour
Ing bones may be present and 1s thus an indication of the 1ge of the
eston  Aneurysms developing after puberty are unmaccompansed by
changes 1 bone growth Gilmour and Bolam (1937) have suggested
hat such changes are due to excessive hyperagnuia and the added
factor of a rased local temperasture  Others have attributed bone
growth to venous stasis Pressure on the artesy supplying the aneurysm
leads 11 most cases to a transitory nise tn the blood pre sure and
slowing of the pulse 2nd brady.ardiac phenomenon of Branham (1890)
This s1gn 15 usually less marked 1n the congenttal case Lewss and Drury
€1923) consider thes to be a vagal effect As stated above it 1s exceptianal
for the heart to be enlarged m the congemital type but hvpertrophy
appears to be common 1n the acquired type
CoURsE AND ProG! O3is This will fo some degree depend upon the
site and extent of the lestoa If tor any reason the case remamns un

Sromatord e A n o U
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tendency 1s towards the development of congestive heart falure The
average age at death 1s given by Abbott (1931) as 21 with an extreme
of 35 years

TREATMENT This may be difficult owing to the actual number of
arteriovenous communications present If the communications are
few as demonstrated by arteriography the fistulae can be closed by
surgical intervention Ligature of the artery proximal to the aneurysm
or ligature of the artery and 1ts accompanying veins may not always
succeed and amputation may be necessary later on account of gan
grene or other comphication Lewis s (1930) collected cases indicate
that amputation was necessary In thirty four cases subsequent to
hgation Other methods of treatment are by mnjection of the vens with
sclerosing solutions compression of the varicostties by rubber bandages
and perhaps the application of radwum In the acquired case the
traumatic artertovenous aneurysm treatment is more successful and
1s by excision of the 1nvolved area preferably three to six months after
njury when an ad 1l 1 ) has developed




CHAPTER 1X

CYANOSE TARDIVE, PATENT DUCTUS
ARTERIOSUS

The charactensuic feature of the lestons of the group cyanose tardue
15 that there exists 2 communication between the two sides of the heart
Such a feature 15 present 1n uncomplicated cases of aortic septal defect
defects of the auricular and ventricular septums and 10 the patent
ductus arteriosus Under ordinary conditions the pressure in the left
sude of the heart 1s higher than that in the night side and consequently
any shunt that may be present 1s from the left to the right or arterio-
venous (fig 40) That such a shunt does take place mn the anomalies
of this group 1s betrayed by the anatomical changes that take place
when an infective endocarditis 1s superimposed or by the presence of
a dilated pulmonary artery 1n the patent ductus and in the imnter
auricular septal defect If for any reason such as pulmonary infection
or as a terminal event the pressure in the night side of the heart comes
to exceed that in the left the shunt 1s often reversed and becomes a
venous arterial shunt This transtent or permanent reversal of flow or
shunt gives rise to either transient or permanent cyanosts and was
first descrtbed by Bard and Curtillet (1889) as cyanose tardive
The chinical features of the group as a whole are somewhat similar

10 those of the acyanotic group and were 1t not for the possible inter
vention of a transtent or terminal cyanosis these cases rght justifiably
be clasaified as acyanotic With the possible exception of the inter
aurncular septal defect the actuat devel of cyanoss 1s

i 1 rarely The 1nterauricular
septal defect presents certain other peculiarities for cases with this
lesion rarely 1f eser develop infective endocardinis but are pecuharly
prone to acquired valvular disease Coarse thnlls and murmurs are
charactertstic of the group with the exception of the auricular septal
defect Symptoms are rare The contrasting marked physical signs and
absence of symptoms usually lead to the pattent seeking advice when
compheations have developed Alternatisely the leston may be dis
covered at routine examination and the marked physical signs may
lead to unnecessary restrictions being imposed The frequency with
which an interyentricular septal defect 1s associated with other cardiac
anomalies has raised doubt 1 the minds of some (Laubry and Pezzi
1923) as to whether 1t exists commonly as a sole abnormality Those
engaged 1n the routine examination of school children will suspect that
1t 15 amoeng the most frequent of all abnormalities The patent ductus

11t

and 1ts
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arteriosus not only has a predilection for the female but above all other
lestons 1t 1s peculiarly plible to infective end It 15 the
only curable Jesion in the group

Patent Ductus Arteriosus

HistoricAL Note The ductus artertosus was known to Galen as a
small vessel untting the aorta and pulmonary artery and he was aware
of 1ts closure after birth Botallus (1564) never described the ductus to
which his name has been attached (Ductus Botallo) but actually
described post natal patency of the foramen ovale Carcano (1574)
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F1g 40 The airculation in the group with cyanose tardive 1 Maladie
de Roger 2 patent ductus artertosus 3 interaurcular septal defect
e normal tendency of a shunt 1s from left to right

gives a detailed account of the ductus Laurens (1599) gives pictures
of the ductus and foramen ovale which are reversed and anatomrcally
incorrect Harvey (1628) having described the foramen ovale speaks
of the ductus 1n these terms  The other union 15 of the artery like vein
{which occurs after that vewn has left the night ventricle and 1 dividing
into two branches) It 1s a sort of third trunk added to these two an
artery like channel so to speak leading obliquely from this pont to
the great artery and perforatiag into 1t This channrel ta the adylt
narrows and dwindles Finally st dries up and ceases to exist

Senac (1749) was aware of persistent patency of the ductus and thought
that this occurred 1n cases where there was difficulty in breathing

Meckel (1812) was surpnsed to find the ductus rarely open and
assumed that an obstacle to the pulmonary cirCulation was a primary
cause of patency Babington (1847) showed a Specimen to the Patho-
logscal Soctety of London from a patient of Addison mentiontng that
witkinson king had correctly diagnosticated patesence of the ductus

arteriosus  Bernutz diagnosed a patent ductus tn 1849 Peacock (1858)
1} b with obl on

thought that a patent ductus was y
of the pulmonary artery and was there to assure a pulmonary circu

Imonary stenosis 1t was
on In other cases where there was no pu
Btt:')bu!ed to maldevelopment of the aortic arches Turner (1862) con
qdered that a patent ductus was due to an anomaly of the sixth feft
arch Langer (1857) appeats to have gnen the first account of the

N
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tustolorieal changes mn closure of the ductus Gerhardt {18673 smvest
gated the physical signs WalkofT (1869) considered that changes tn the
poution of the ductys whereby 1t became Linhed at the puloionary
end at the onset of pulmonary respiratton Was an added factor sn
closure Batnard (1939) described pathologieal changes i the ductus
walt dunag the course of 1volution The functians of the ductus have
been further eluctdated by Barclay and hss colfeagues (1944) The first
d of the path hinery brunt 1s that of Gibson
{1898) Operation and hizature was proposed by Munro (1907) and first
successfully effected by Gross {1939)

ANATOMY I foetal Hife the ductus artertosus is a short vessel about
Tem Jong and of 4 mm or more in diameter It mtervenes between
the aorta and pulmonary artery sowmng the former at a point Just
distal to the ongin of the Jeft subddavian artery It 1s often a larger
channet than 1s generally sealized being equal 1n caltbre to the drch of
ibe aorta or even the pulmonary artery (Harey 1628 Noback and
Rehman 193)) Gerhardt (1867} classified the ductus mto Several
anatomieal types He described the cylindrical the funnel shaped with
apex towatds the puimonary artery the window type conststing of a
direct operang betagsn 207t aed pulmanacy attery and an aneurysmal
Ype It s so far impossible to wdentily these types dunng hfe of from
chnscal signs but perhaps angiocardiography may be useful at some
future date The practical pont 1s that the windaw type is not so readily
amenable 10 surgery as are the other types Keys and Shapiro {19+3)
found ten such examples s srcty cases Crafoord (1944) has stccess
fully operated upon this type of case The ductus whatever us anttom
l;:al ty,;;c may be brittle and fnable because of decererative changes sn

s walls

The ductus arteroats may rematn as 3 sole abnormalty or 1t may
persist as g ! of orin p of other 1

An a0zt septal defect s to be dt tinganshed by Hs position felattve
10 the Tefl subclavian artery It mav give rise to clincal signs idenueat
with the patent ductus

RoLE oF tHE DucTus ARTeriosts v FOEraL Lise In embryome life
the preswure 1 the right side of the heart exce.ds that m the left In the
Toetus oxvpenated blood from the placenta together with venous blood
from the supenor and wfenior vena cavae enters the rght auniche This
wixed blood is then diverted partiaily through the foramen ovale to
reach the fett auricle and ventricle, and thence the aorty and the vessels
of the head and neck  The remamnder of the blood entenng the rght
aumde passes to the right ventile and traversiny the pulmonary
2ftery and gatene duclus srieriasus weaches the desceadiog aoria aad
thence the frunk and lower mbs For all practical purpases only a
very small volume of blood passes through the lungs m mtrauterine
Ye After bisth with funchional employment of the mngs pressure wm
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the right side of the heart becomes less than that 1 the left The ductus
then undergoes involution so that by the third week 1t 1s almost
enttrely closed Final obliteration usuaily takes place tn the first three
months of post natal hfe but may be deferred to a much later date
The brthant work of Barclay Frankiin and Prtchard (1944) has
lluminated our knowledge by radrographic methods

Closure of the Ductus and Pathogenesis of Persistent Patency

Functional closure of the ductus may be completed m less than a
mmnute (Barclay ef o/ 1938) The exact changes which make this
possible have given rise to much speculation and discussion There has
been no uniformuty of optmon as to the exact histological structure of
the ductus or in regard to the changes that take place 1n 1t duning, 1ts
conversion nto the I artertosus U btedly some diverg
encies of histological optnion may perhaps be explained by the varying
time of 1ts closure Christie (1930) found 65 per cent patent at the end
of two weeks and I per cent at the end of the first year Wells (1908)
and Abbott (1927) have discussed the vartous theories of closure and
generally speaking 1t scems that this ts effected by the combuned factors
of its own peculiar structure and the pressure changes that come into
operatton after birth

Microscopical examination of the ductus shows that its structure
differs from that of the aorta and pulmonary artery for whereas
these latter vessels the media 15 largely elastic tissue the media of the
ductus 15 characterized by large amounts of muscular tissue and von
Hayek (1935) describes a helical arrangement of the muscle fibres
Barnard (1939) has shown that by the fifth month of intrauterine hife
ssolated plaques of sntimal hypertrophy develop within the ductus
These plaques do not completely encirele the lumen nor do they
extend the whole length of the vessel They increase 1n size untit debvery
and tend to dummnish the lomen In the new born child Barnard finds
the wmner surface of the ductus Ined by longitudial ndges and the
extremuties appear more tightly closed than the rest of the vessel On
section muscle and elastic bundles in medsa and mtima are separated
by a structureless material staining pale purple with haematoxylin At
the junctions with the zorta and pulmonary artery there 15 a cleat
demarcation as thesc latter vessels do not present a corresponding
change Swensson (1939) and Jager and Wollerman (1942} seport
somewhat similar findings The subsequent changes which extend over
months are of replacement fibrosis and the structureless purple
staiming matenal comes to resemble atypical cartilage and co!lage;
fibres appear Barnard finds oetcasional patchy smpregnation Vuld
« the aajonity of cases a potential lumen represente
was observed by Barnard even at the age of 83
losure of the ductus 1s accompanted by thrombosis

calcium salts [
by a narrow cleft
In some cases <l
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of its furen oF with a clot at esther end of the vessel Portions of such
aclot may break off zad give nist 1o embolism 11 erther the pulmonary
or systeme cueufatrons A clot at the aortic ortfice of the ductys mey
enter the I+fy subclavian or left common catotid arteries but nore
commonty it reaches a vessel 1a the leg A small embolusina pertpheral
vessl can cause extenstve damage because of the secondary theomboss
which occuts sbove and below the sie of Jodgement Thrombous i
the ductus has been described several $mes since st was first reported
by Rauchfuss (1859) Gross (1943} mentions two cases in which there
wa embol of and i the abd tzerta It nearly
afways owcurs tn the neonatyd perod at a time when closure of the
ductus normatly takes place It has been described by Jager (1940) at
55 years and by Altschule (1937) tn 3 patient of 57 The actual climeat
condition of a thrombosed ductus may be unsuspected because the
physical signs of a patent ductus are fcking in the thrombosed vessel
When the lungs become a funchioning mechatusm at birth there 15
a general fall 1n pressure 1 the crcutatory systems due $o the opening,
up of the vast caprltary bed of the lungs and the temoval of the placental
cieculatson Tt has beea suggested that the pressures m the n~ht and
Ieft sides become more or less équal and under such circumstances no
shunt would take place and consequently an obliterative process w ould
be fasoured Others have conndered the mam factors 10 closure to he
mechameal and related 0 a nise in pressure m the left side of the heart
exceeding that m the mykt This may be effective i two ways eatber
delatation of the foetal tortic ssthmus 1 response tao 20LHE pressy ¢
way exer! taction on the aoriic ead of the ductus fachtung s
<dosure of the aortc end of the ductus may become Functionally closed
by Strassman s ford a fold ot the aortic wall about the mouth of the
ductus present at abowt the seventh month onwards Increased pres
sufe i the gorta would cause this fold to he across the mouth of the
ductus Ttis very difficult to assess the exact sole of any of these factory

and probably ali of them may contubute in some measure to the final
closure of the ductus

1n the hight of the above it bacomes evideat that any abrormahty of
the ductus wall or abnormality of pressuse relations after burth Tay
result in persistence of the ductus in its foetat form  Atelectants causing
& fawed pressure sn the pulmonary artery atter buth and perhaps at
the same time snhtbing the notmal dislocation of the thoracic oreans
may tavoar the persistenve of the foetal state and may figure tn (he
tistory of the subject Not wstrequently abnormabity of the aarte
1 thmus a shght degree of coarctation may be found at post martem
in owner cardiac anomahes the ductus may remarn patent to assure g
wrcuiation to the lungs 2s m the vatvular atresias Again it may reman
patent 1n pulmonary stenosis or other abnormality favouring a nise
pressure an the night heart Lastly abnormalitses of the germ plasm
i
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may have some influence and the occurrence of a patent ductus 1n
several members of the sime family would lead colour to such a
contention Its occurrence in twins has been noted by Smuth (1929)
;x;g :;;)sxslera by Jewsbury (1912) and Brown (unpublished) (figs 42

PATHOLOGICAL PHYSIOLOGY A persistent patency of the ductus
artertosus rmplies a shunt of blood often very large from the aorta to
the pulmonary artery and thence via the lungs to the left ventricle to
complete an entirely vatueless short ciremt That the shunt s from Jeft

FiG 4) Patent ductus arteriosus Female aged 3 Note
the slight degree of 1sthmus stenosis of the aort2

to right 15 shown by the almost constant dilatation of the pulmonary
artery and left ventricular hypertrophy of some degree When infection
accurs 1tys the pulmonary artery end of the ductus that 1s first involved
together with the wall of the putmonary artery opposite the ortfice of
the ductus suggesting that these are the real sites of strain A large
shunt from the aorta results 1n a fow duastolic pressure and 1s not only
a cause of increased work by the left ventricle but also adds to the work
of the night ventricle Eppinger Burwell and Cross {1941) have shown
that there 15 a more than 50 per cent increase in left ventricular output

The pulmonary artery and 1ts branches dilate and under filing of the
systemic arteries 1s said to cause the slender gracife bwid and sub-
nutrition that has been so {requently deseribed It has beent shown that
the volume of the shunt through the ductus may be up to 50 per cent

of the output of the left ventricle This means that the pulmonary artery
recetves not only venous blood on its way to the lungs but also the
farge additional volume shunted from the aorta The Ieft ventrrele 1»
sherefore called upon to deal with the added volume of the shunted
blood Despite this hypertrophy of the ventricle ts rarely a very con

ature although left awus 1s met with m a small praportion
Gilchrist {1945) has contrasted th~ patent

spicuous fe
| artenionenous fistula which inevitably feads

of electrocardrograms
ductus with the perpheral
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to cardiac hypertrophy He points ovt that mn the patent ductus con
steiction of the smaller putmonary vessels creates an arez of penipheral
reststance which lmats flow through the ductus In conirast 1o the
penpheral arteriovenous aneurysm the blood readily escapes mto a
capacious venous system at a fow pressure The smaller pulmonary
vessels tend thus to protect the left wentricle from overstrann  In ths
general connection reference may be made 1o the work of Lewis and
Drury (1923 Keys and Friedell (1939) Holman (1923 1937 1940)
and Eppinger Burwel! and Gross (1941)

The mfluence of the volume of the shunt and sts effect upon the stze
of the heart are well shown mn the case of dentical twin girls (fig 42)
The chuldren are 10 years of age at the time of the photographs and the
girt with the smalter shunt 15 three 1nches taller and mare robust than
ber twin sister

IrcipEr c£ Patent ductus artertosus as & sole abnormalhity is not un
common and many cases have been brought to hght by the routine
schaol medical examinations There 18 a deftmte preponderance of
female cases In the sixty cases colected by Shapiro and heys (1943)
there were forty six females and fourteen males East (1945) mne
females and four males Hunter (1945) ten females and four males
Benn (1947) reports thuty three females and thicteen males The sertes
of Brown and Muts of 56 cases shows 108 females and 48 males There
1s no explanation of this sex mcaidence 1n the female Equally the adult
ease of patent ductus arteriosus 15 rarely seen at examnattons or m
the post mortem room it seems possible that the duutus may close
spontan~ously 1 the second decade ar else the physical signs when
farlure or other compluation owcurs may mask the trite nature of the
case

Cunveal PICTURE Bt has been stated that the subjects of a patent
ductus artensosus are of the tall slender type pale and presentmg the
stigmata of aortic hypoplasia and arienal depletion There 1s some
evidence that where the shunt 1 very large development may be
retarded and this was well exemplified in a personal obsenvation of
wdentical twms (fig 42) who at the age of 10 had classical signs
of a patent ductus Qne child was severat inches sharter than the other
and its heart was considerably larger indicating a verv lacge shunt
Muir and Brown (1932) found that 20 per cent of children with a
patent ductus wese slightly below the average on comparison with the
standard anthropometric tables of ther locahty This has been con
firmed by Gilchrist (1945) who finds under devefopment the exception
rather than the rule Cyanosis 1s absent at rest but 1t may appear on
exertion or with pulmonary infection or as a terminal event In nfants
it 38 mduced by suckling or emotional experiences and such cases have
been mentioned by Smith (1929) and Leech (1932) Permarent cyanosis.
mever oceurs amd i3 presence at ence mvalidates a diagnosts of a
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Fic 43 Patent ductus arteriosus in sisters aged 15 and 18 years
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ductus as a sole abnormality Epileptiform convulsions may excep
tionally occur

Symptoms are occasionally present and are usually those of dvspnoea
on exertion fatigue or palpitation Occasionally dvspnoea may be so
habitual to the patient that he 1s hardlv aware of 1t and only on opera
tion realizes how breathiess he used to be A strong tunctiona! element
may pervade these patients as In the case of the 1solated interyentricular
septal defect The striking phvsical signs leading to eatly restriction of

ol e
: !

B
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Fi1G 44 Murmur of patent ductus arteriosus
A P! graph ~wit at site of maximal
murmur B apex cardiograph 1 Frest heartsound 2 second heart sound
Typical machinery murmur maximal in the second space at the left sternal
c

edgt shows the 1ncrease Of
intensity of the murmur during systole and the decrease at the tume of the
second heart sound

(The arrow marking the second heart sound on the apex cardiograph 1s
terpolated from reference o another stethoscopic traging in which there
was fess low frequency cut  and which showed the second sound well
Time mtervals 02 secs ) (Dr M Matthew s case)

activity and possible exclusion from school almost inevitably contribute
to the subsequent development of a neurosns The physwal signs may
vary according to the Iength of the ductus 1ts calibre and the shape of
is onfice A small onfice and ductus 1s hikely to give nse 1o more
striking auscultatory sins and conversely a large ductus with con
comstant large shunt furmishes a more striking X ray picture The
gererally accepted pathogromonic murmur of the patent ductus was
deseribed by Gtbson (1898 1900) and agatn 1p 1906 1n these words
1t begins after the commencement of the first sound [Us continued
dunmg the latter part of that sound and the whole of the short pause
1t persists through the second sound and dies away graduaffy during
the Jong pause The murmur 15 rough and thniling It begins softly and
1ncreases I 1nfensity so as to re tch 1ts acme just about or immediately
after the mcidence of the second sound and from that point gradualfy
wanes till its tecmunatton The second sound can be heard 1o be loud
and clanging This has been confirmed by phonocardagraphic
methiods by Routier (1937) and others (fig 44) The murmur 15 com
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sirnated v or mutmur The murmur s
ard 50 the second left space close to the sternum but in a pro
of cases jast beow the sternal end of the left clavicle Sowme
1 the pultonaty artery enlarges mote and more to the left the
£ can be heard at a distance from the sternem in the second left
The point to be made 18 that a machinery bruit 15 a sharply
«d brst but the systohic accentuation may be heard over & much
irea even over the third and fourth thoracic spmes postertorly
st (1945) states that the charactenstic machinery murmuc may
+d 1n the second and third left spaces a full hand s breadth from
roum 1 cases whete there 15 great dilatation of the pulmonary
due to snfectine endovardttis Sometumes a machinery murmur
dsfficult to hear and must be very carefully sought with the
recunvbent and at the end of expiration The murmur may vary
. deat with the age of the patient In the first two of three years
pay be a systolic bruit only foudest over the upper mtercostat
and transmitted along the left subclavian Usually by the age of
1 five the murmur has become defintely continuous in quahty
ssstble to detect diatation of the pulmonary artery radiologseally
the appeirance of the characterntic brust Crafoord (1944)
westtoned the spectfiesty of 2 machigery brist and mentions two
n which a ductus has been diapnosed on the basis of ths type of
ar but exploration with 2 view 1o bigature has disclosed a per
trumus artertosus commums In these cases the maximum
ty of the continuous murmur was at the third intercostal space
and over the first intercostal space w the other that 15 to say
1sual sttes
nother case which was explored by Biorek and Crafoord (1947)
was an arteriovenous aneurysm formed by an anomalou. branch
teft coronary artery entening the pulmonary artery
Joubtedly the patent ductus can be present in the absence of a
aery murmur and a systohic murmur characterzes the eather
ed cases for evample Gerhardt (1867) Simmons (1906)
‘mter {1903) and later sl those of Wessler and Bass (1913)
{1931) and Chapman and Robbums (1944} In some cases a
ur may be entsrely absent and this may be due to erther the
we of congests ¢ faslure bactental eadocarditss with blocking of
men of the ductus or thrombows tn the ductus
itly a machmery murmus which has been present for years may
is and disappear This has happened 10 five cases in a personal
of Brown and Muwr and 1n one of these cases the brust dis
ired after seventeen years of obsenation at the age of 34 This
‘ent spontancous closure has been noted by others Gross (1939)
‘ked upon 1t occurrence Shapiro and heys ( 1943) and Gilchnst
) also mention stmilar cases Benn (1947) reports two cases in
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which a machinery brutt had regressed by the gradual stages of a loud
systolic bruit to no murmur at all at the ages of 25 and 27 after
observation since childhood

The pulmonary second sound 1s accentuated and may be well heard
but st may be lost i the intensity of the machinery murmur unless 1t 15
looked for 1n the third left space A thnll systolic or conttnuous 1n
time may accompany a machinery murmur Lastly a distinct diastolic
murmur may occastonally be heard along the left sternal margin and
at the apex This may be due to increased flow through the mutral valve
and a relative mitral stenosis It has been attributed to relative pul
monary mcompetence but 1t 1s only nght to say that often a case which
shows the of pul dil shows no diastolc brutt
The clintcal point that cannot be too highly emphasized 15 that dag
nosis 15 chiefly made on the basis of the machinery murmur and the
ready recognition of this 15 essential 1f a case is to be treated surgically
Gerhardt s nibbon dullness along the left margin of the sternum was
at one time considered to be a capital point n chmcal diagnosis As
1s due to a dilated pulmonary artery and as such dilatatton can oce
1n other conditions such as the interatrial septal defect or even
pulmonary stenosls 1ts recogmtion 1s of httle but academic importanc

Other pertpheral signs are of interest There may be vigorous puls,
tion 1n the neck 1f the shunt through the ductus 1s Jarge The pulses ma
be unequal the left being larger than the right A difference in amplituc
between the femoral and radsal pulses has been emphasized by Laubr
(1930) and may be concetvably due to shight coarctation which 15 nou
uncommon with a patent ductus This has been confirmed by Abbout
(1927) and may have etiological sigmficance The pulsus paradoxus
has been described but 1s rarely found The diastolic blood pressure
tends to be Jow and the systolic pressure about normal for the age of
the patient The pulse pressure 1s therefore often increased The low
dastolic pressure may be correlated with the size of the ductus and
shunt With exercise there 15 a drop in the diastolic pressure for a
minute or two and the patient may show swinging carotids a col
lapsing pulse and even capillary pulsation Bohn (1938) has inststed
that thrs fall 1n diastolic pressure may be an important diagnostic point
and m a young subject with a basal systolic bruit and an accentuated
second pulmonary sound a reading of the blood pressure after exercise
should always be taken Paralysts of the left vocal cord 1s a rare complt
cation and 1s due to pressure an the left recurrent laryngeal nerve

‘The Infected Ductus

There 1s however a great liabtlity to infective endocarditic Libman
(1910) considered that a patent ducfus was the most important c]on
gemtal cardiac defint related to infective endocarditis This pcc; ll;il'
habiity has been confirmed by Hanulton and Abbott (1514) and by
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Boldero and Bedford {(1924) The common infecting ofzantsm s the
Strep. cus viridans  Veg ase found filling the ductus itself
upon the wall of the pulmonary astery adjacent 1o 07 opposite its
onifice and on the aorise cusps from whence mfection may spread to
the mutral valve as in Perry s (1933) case Rarely tn cases where the
shunt has been i the reverse direction vegetations may be present on
the aartic wall opposite the ductus (Foubs 1884 Ruckards 1889) The
pulmonary valve usually escapes although it was shphtly imolved m
the case of Bedford and Boldero Hamuton and Abbott were the first
1o show that infective process began by miasion of the intima at a site
of stran and were able to demonstrate that the oldest leston was at
the pulmonary end of the ductus
The infected ductus 55 an evceedsngly grave conditon and its recog
nition 1 based upon the Signs and symptoms of a septicaemia the focal
cardiac signs of a patent ductus and the evidence of putmaonary mfarcts
often muliple which are due to embolt shed from the vegetations in
the ductus and pulmonary artery Gihhnist (1945) beheves that there
15 often @ charactenstic radiological picture and senal films exhibst
of the pul y artery propiessive cardiac
enlargement occurnng rather rapdly together with patchy con
sohidation m the lung fields of vanable extent and mn varable stages of
development or regression A grossly enlarged heart i a patent ductus
suggests the posstbiity of infection Pyrexia and other systemic dis
are v 1y present of wnf may be
secused by blood culture and the other characteristic features of an
ulcerative endocarditts shght clubbing petechiae and retinal haemor
rhages The earfier a cave 15 recognized the better the outlook and the
duagnrosns of an infected ductus should b~ at any age an tndication for
urgent of becan & prop h p Y
mfarcts increase the swrgical hazards and make the operation
techmeally more difficult
ELECTROCARDIOGRAM  As nucht be expected with a Jesion that s
extracardiac  the electrocardiogram 15 normal in appearance There
may be a tendency to left aqs if the shunt 1s at ol large and i older
cases there may be a frank left axis A night axs 1s most uncommon
and should lead 10 a revision of the diagnosis although Stewnbery, ef al
{1943 found right axis deviaton 1 a number of their cases
RADIOLOGY The radolomeal picture of the patent ductus 15 m
fluenced by the presence or absence of other anomalies of the heart
Even when the patent dusctus 15 prasent as a sofe abnoraxahty 1t by no
means follovs thit the radiologieal picture 1s charactenste The
sachograph 18 mfluenced by the age of the patient and by the nature of
the ductus self and particularly by the size of the onfice of the ductus
and the shunt that it permus The heart 15 only sheptly enlarged and
this may be evident by an mcreased curvature of the left ventnenlar
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arc To find a large heart 1s rare and the posssbility of mfective endo
carditis or the assoctation of other abnormalities g5 suggested by its
presence The right auricle 1s frequently enlarged Where there 15 2
farge shunt there 15 considerable dilatation of the pulmonary artery
the dilatation extending to 1s branches fig 45) This pulmonary artery
dilatation may 1n some cases assume aneurysmal proportions On
the screen there 1s vigoraus pulsation of the aorta and puimonary
artery the latter showing a hilar dance or Assmann s (1924) sign

Fiu 45 Patent ductus arterjosus n 2 girl aged 25 The
pualmonary artery ts greadly dilated The lesion s
withot symptoms other than chose of a veurosts

The typical sithouette shows a normal sized or shghtly enlarged
heart with normal aorta There 1s an increased fullness of the pa
monary ar¢ which 1 well marked cases may be a protuent con
vexity on the left cardiac border This promaence has been named
the X ray cap of Zinn (1898) and was one of the earlrest features
tecorded 1n the radiography of the heart As indicated above cases
with marked thrll and murmur and 1n every way cimcally ypical do
not alnays give a characteristic X ray picture Pulmonary congestion
15 common The value of a dilated pulmonary arc in the presence of
typical signs 1s at once evident for it affords conlirmatory evidence
“There are other congenital condinons where riotable dilatation of the
pufmonary arc 1s present such as pulmonary stenesis with a closed
septum and interauncular septal defects The recognition of these on
clintcal grounds should not cause great difficulty

Other lesser radiotogial signs have be;n dcrs,crlbc: The lc{[t pll;)'t

rtery may appear to be larger than the right owng (0
E‘r):c::z;ols ;Iyo‘\ ﬁ¥ompl:he ductus Roesler (1937) mentions a fleck of
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calcium 1t the z2orta at the site of attachment of the ductus Steinberg
Grishtman and Sussman (1943) with angiocardiography found a
constant diatation of the descending acrta just distal fo the tsthmus
and best seen th the left anterior obhgue positson They confirm the
presence of varying degrees of left ventricular difatation  Donovan
Neuhauser and Sosman (1943) and Eppinger Burnell and Gross (19413
mention dll.xtanon of the feft nuncle but thus 1s not always confiemed
by diy does occur Chivez
Dorbcclxer and Celis (1947) by thclr method of dwect intracardiac
angrocardiography have shown by several films at mtenvals of two
seconds back flow filling of the pulmonaty artery 4t the ime that the
gorta fills a urcumstance only possible it there ss a fistula berween the
two vessels This may well be a decisive pomt 1 a doubtfuf case

Course anp Procosis AR will ageee that from the pont of view
of ¢hildhood the prognosis 1s good and the condition appears to be
perfectly compatible with a normal schoo! ite the amount of exercise
permitted betny, often the same as tn normal chtidsen unless there are
evideat signs of distress Serious heart disability may appear tn the
third decade {Butlock Jones and Dolley 1940} In Aboott s {1937)
sertes one fifth of the pttients died m the neonatat pertod and the
averaye age at death of the remasnder was 24 years These figures are
perhaps unnecessartly gloemy and mainly refer to cases with symptoms
or mfection that have di=d 1n hospital Bullock Jomes and Dolley
coltected thirty cases who were more than three years old and theiefore
of interest to the surgeon Thev found that 50 per cent died before the
age of 30 and 71 per cent before 40 In 87 per cent the cause of death
was cardiac either tnfection or fatlure Shapiro and keys (1943) found
the average age ar death to be 30 1 the male and 39 in the temale
40 per cent dying of bacteniat endocarditis and 30 per cent of con
gestive failure On the other band Wison and Lubschez (1942)
observed thurly two cases for 2 pertod of twenty years and saw no
deaths fram infection or faldure

H all these statistics are taken mnto consideration the gemeral con
clusion 1n our present state of knowledge must be that the progaosss
1s tather poor and that survival (o muddle Iife 1s accompanted by
wonsiderable cardiac incapacity

None the ess 1t 15 doubtfut 1f the last word has been sard m the
matter of prognosss Our wdeas are maly based on post morten ¢ ises
and take little account mn peneral of the ltving case. As mentioned
above the aduit case of patent ductus 15 a rare visitor to the clinue and
the condition appears ta be equally tare 1n the routine post martem
examnation 1t therefore seems that if post mortem room techmque
1s tmpeceable there must be spontaneous cosure of the ductus more
otten than is generally realized or cases are mussed when failure super
venes and the chasacteri,tic physieat signs disappear
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Su}r{g‘;ﬁ:ﬂ:‘r&a;noe)ms ;;wi:g Patent Ductus Arteriosus
that 1 a peripheral arteriovenous fistula
surgtcal correction of the leak resulted 1n a nse 1 diastolic pressute
and a decrease In the size of the heart From this there 1s reason to
tafer that surgical treatment of the patent ductus arteriosus might
1mprove the circulation check the tendency to underdevelopment and
:)l::x;tl:;l]fstzfl(r)";:;l:/e;n:;doofc:?;ﬁs:;ve fatlure at an early age Similarly
1ght be mintmized and degenerative
changes 1n the pulmonary artery wall where the stream from the ductus
mmpinges would be prevented
Munro (1907) was the first to suggest ligature of the ductus In 1938
the operation of Graybiel and Strieder failed because of technical
reasons Gross and Hubbard (1939) reported the first successful
ligature and Bourne and Tubbs (1941) first successful Iigature and cure
of an infected case m 1939 Shaprro and Keys (1943) were able to
collect 140 operated cases of whom thirty three were suffering with
bactenial endocarditss OF the 107 non nfected cases operation was
successful 1n eighty one and nine died at or soon after operation In
the thirty three mnfected cases the operation was successful s twenty
and five died at operation Since then with improvements n technique
and experience the mortality ts lower and Crafoord (1944) places the
operative death rate at about 5 per cent Shapiro and Johnson (1947)
analysing 525 uninfected cases 1 which operation had been performed
by forty six surgeons found a mortality rate of 49 per cent Re
canahtization occurred 1n 8 7 per cent  and because of this suggest that
Iigation of the duct 1s obsolete and should only be performed where
section 1s imposstble
In the management of these cases each individual case should be
considered on 1ts own ments Because of the rather striking liability
to infectnne endocarditss focal sepsis should be carefully eradicated
Particular care should be devoted to the teeth and tonsils Dental
extractions 1n the presence of infected gums and tonsillectomy should
be preceded and followed by full doses of peniciffin
Errors mn diagnosts will be less frequent if only those cases with a
typical machinery murmur are sut d to fi
of operation resides 1 the fact that about 50 per cent of the cases die
before the age of 30 Operation with sts comparatively small mortality
rate offers a chance of cure with the prevention of infective endocarditis
The chances of recutrence are remote if the operation has been suffict
ently radical and recanalization of the ductus rarely occurs tn those

cases where there has been a stmple ligature Apart from this from a
the case of patent ductus 1s lrable to regecteon from

social point of view
a public service such as the police or armed forces and cannot pass
exammations for life 1asurance or superannuation

should be plated between the ages of five and ten
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for this 15 the time when the largest number of cases are recogmized at
school entrance examenations At this age it ts possible to use an endo-
tracheal tube for the necessary anaesthesia There 1s also less hkelithood
of gross sclerotic changes in the ductus and further the ductus 1s
likely to be longer than at a later age The experience of surgeons sug
gests that up to the age of 15 the operation 15 well tolerated and a
number of cases have been operated upon at later ages

In regard to the infected case the presence of bacterial endocarditis
should be an indication for operation at any age and offers the best
chance to the patient Operation should not be delayed and should be

preceded by and d by with
The general indtcations for operation are retardatton of growth and
devel bactental endocard cardiac and failure

(Gross 1939 Burch 1944 Tubbs 1945) Recovered bactenal endo
carditss 15 also an indication because these cases have some tendency
to relapse

RESULTS OF OPLRATION The immediate effect 1s a nise of the diastolic
pressure to a phystological level The pulse pressure becomes normal
and the vigorous pulsation 1n the neck disappears The characteristic
murmur 15 abolished The size of the heart dimiushes This 15 more
noticeable In young subjects where dilatation rather than hypertrophy
has been the predorminant factor 1n the existing cardiac enlargement
Where there have been actual hypertrophic changes the heart may
alter hittle 1n s1ize but with growth of the individual a more normal size
will be evident 1n a year or two Eppinger Burwell and Gross (1941)
have shown that a fall of at least 50 per cent of the left ventricular
output occurs after ligature

In regard to the infected case Tourofl (1942) showed that even with
out pemcillin ligature resulted 1n cure 1n a high proportion of cases
and that a negative blood culture might be obtained immedately after
operation Presumably these cases are those 1n which infectton rematns
limted to the ductus 1tself and to the pulmonary artery The addition
of artenal blood to the pulmonary blood creates a milieu rich 1n oxygen
mn which organisms and vegetations flounsh The impinging stream
from the ductus breaks off particles which become emboli in the lungs
These events cease when the ductus 15 ligatured and the patient tends
to recover rapidly With the aid of pemaillin cure 15 almost certain It
1s only when infection involves the mutral or aortic valves (shown by
systemic emboli) that results are not good by purely surgical means
However with pemicillin the prognosts in this group of cases 1s as
good as 1n any other case of mfective endocardites

Lastly many patients remark the absence of dyspnoea which had
been habstual to them and passed unnoticed until after operation



CHAPTER X

DEFECTS OF THE AURICULAR SYIPTUM

HISTORICAL NOTE The earliest mention of the foramen ovale »
attributed to Galen who was aware that the foramen ovale possesse
a valve and closed at birth and that mn the foetus the caval blood
passed through the foramen ovale into the left auricle These observa
tions fapsed mto oblivion and 1n 1557 the foramen ovale was re
discovered and described by Aranzito Botallo (1564) again described
the foramen and renamed 1t the ductus Botallo without any justification
whatsoever He did not describe the ductus arteriosus as is so often
erroneously clamed The fiest tllustrations of the toramen ovale are
those of Laurens (1599) unfortunately reversed but adequate to show
that the structure was known Harvey (1628) mentions the passage of
blood through the foramen 1nto the left auricle of the foetus Gassendi
(1640) noted the existence of vestiges of the foramen ovale 1 the adult

at 2 ime when the question of the perviousness of the septum of the
heart was vitally necessary to the concept of the circulation of the blood

Richard Lower (1699) described two vena cavae and scems to have
recognized that the inferior caval stteam diverted by the tubercule
that bears his name passed mainly through the foram.n ovale of the
foetus 1nto the left auncle Senac (1745) recogmzed the foramen ovale
1n aduit hfe stating that 1t was three imes as common 1n the female
as 1n the male Burns (1813) held along with the naturahst Buffon that
the subject of a pateat foramen ovale could stand immerston i water
longer than others and a diver to be efficient at his work should
possess this 1 adjunct This view presumably arose
from the concept of the foetus bathed i 1ts liquor amnn Meckel (1812)
dismussed a patent foramen ovale as clinically neghgible Peacock (1866)

observed that defects nught be anywhere 1n the septum and might

even be so situated as to allow all four cavities of the hearst to sater

communicate He also described a case with concident mitral stenosis

Rokitanshy (1875) presented the first description of the types

of aunicular septal defect and imtiated modern embryological research

with 1ts concept of primary and secondary septa The subsequent wnhrk
1 to his

f a host of other and pathologists 1s
genvrat pattern of an aumcular septum formed by the union of
lete septa
mc(gnmfhc clxsm}zal side mention may be made of the fundamental work
of Abbott (1927 1932} Lutembacher (1916 1925) McGinn and White
[
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A LUNUENIIAL HEART DISEASE

mdication of septation 1s the appearance of the septum pumum which
grows from the roof of the common atrium at about the fourth week
A farge gap (he foramen (ostiam) primum 1s present Just above the
aunculoventricular ontice and intersentricular septum  and beneath
the free margin of the septum primum - The ostrrm primum 15 gradually
obliterated while concidently a gap appears n the upper part of the
septum primum  the ostrum secundum To the right of the septum
primum another septum grows down This 1s the septum secundum
and 1ts free margin forms the annulus ovalis The disposttion of the
two septa 15 such that there exists a potential communication between
the two auricles the foramen ovale which may have the status of a
valve like slit or may assume more 1mportant proportions The free
edge of the septum primum persists as the valve of the foramen ovale
It1s therefore obvious that there are a number of possible congental
abnormahties These are an absent auricular septum persistent ostium
primum and persistent ostium secundum (often erroneously referred to
asa widely patent foramen ovale ) Rarcly there may be a premature
closing of the foramen ovale A perstent ostium primum with abnor
mality of the endocardial cushions of the atrial canal may result 1n an
ostium atrioventriculare commune Deficts of the auricular septum
may therefore be readily explained on an embryological basis par
trcularly 1f Patten s (1938) dictum 1s borne 1n mind that congenital
defects may result alike from overgrowth or developmental arrest
Apart from these purely embryological views as to the genests of
the auricular septat defect 1tself the French school consider the defect
to be a small part of a more complex congenutal lesion compusing large
night cavitics and a dilated pulmonary arfery together with a hypo
plisic aorta and left ventricle (grosse pulmonawe petite aorte) Such
a defect 15 considered to be latent and only important when complscated
by other lessons such as ml](ral sl:‘nosm urdhypcrlensujn wh}x‘ch gl'g
caustng altered pressure relationships  produce v chan
le.::imgp to fallurep(l aubry and Lenegre 1939 de Balsac 1939) An
unegual division of the bulbus cordis does occur (Assmann 1928
Oppenheimer  1933) and may produce « chimeal and radiological
picture practically 1dentical with that of the auricular septal defcct(
There are objections to the French view for 1n the auncufar slep!:n
defect autopsy mav show the aorta to be of narmal size “Ilf‘l a :;gc
ulmonary artery baving hypoplasic walls (Brenner 1935) In those
f es where there 1s hypoplasia of the aorta the small calibre of the
adosna may be ascribed to a dimmished blood VQIundm rclauhmglth:“l;ﬂ
ventricle as has been described 1n putral stenosis developing in y

" function of the foramen
oF tHE FORaMEN OVALE The func!
P;Ng;ogem Jllummated by the researches of Barclay and his coL
;)a‘;oraxoys (1944) who used myection of radio apaque substances an:
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crematographic methods They have shown without a doubt that tn
the foetus four fifths of the iaferior caval blood stream s dwverted
through the foramen ovale the stream bifurcating wpon the hmbus of
the fossa ovalis or as they have named st the crista dhidens whence
1t passes wnto the systeue csrevfation of the foetus Only the supertor
caval stream 15 Girected mnto the pulmonary circwit for m foetal hfe
the pulmonary ctreutation obvsously does not requure that amount of
blood necessary for 1ts respiratory fuaction 1 post natal hfe

1t should not be assumed that closure of the foramen ovale 1s a sudden
mechanical event owcurning at birth with a stacthng, change in the
dynamics of the heart Scammon and Norns (1925) have shown from
autopsy records that but 1 per cent are completely closed 10 the first
week 33 per cent are closed at the end of 3 year At twenty years or
over 28 per cent still rerarn patent For this reason shit ltke patency
should be dered as a normaf vanant rather than as
being of any direct chinical smificance The posstble chinical implications
of sht patency are discussed befow

TYPEs Of DEFECT OF THE AURICLLAR SEPTUM

There are several types of mterauricutar septal defects depending
upon thesr positton and embryological onigin The more inportant
types are

{1} Absent or Rudimentary Sepuam (cor tnlocufare brentriculare)
This anomaly results from an arrest 1 the early stages of the develop-
ment of the septum (se~ page 227)

{2) Perststent Ostum Prumum Thes anomaly 1s due to fadure of union
between the septum primum and the fined endocardual cushions of the
atnal canal As a tesult there 1s a large gap at the base of the wnter
aurtcular septum (fig 470 and 1t will be appreciated that an exireme
degree of persistence of the ostium primum merges into the cor tr
Jovulare biventrcatlare Almost mvartably assoviated 1s a eleft antenor
cusp of the mitral vahe The anterior cusp of the mutral valve 18
disided mto two halves each half rims wpwards from its papdiary
muscle and converse on the fower margin of the defect at which site
the antersor half overlaps the posterior A symilar anomaly may some
umes mvolve the tricuspid valve as m Bedford Papp and Parkanson
case {1941) Additionally the foramen ovale may be open or closed and
may be recognized above the defect at the base of the septum Of added
snterest s the frequency noted by Abbott (1927) with which a persistent
ostium primum 1§ ted with 1 el lty heast block
masy be assoriated as tn the case of Wallgren and Winblad (1937)

(3) Persistent QOsttuny Secundum The defect 15 the resuit of falure of
development of the septum secundum so that a zap exists 1n the upper
and posterior part of the septum above the fossz ovalis The anomaly
1s frequently combined v ith abnormalities of the pulmonary vens and
S
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of the inferior vena cava (Rokitansky 1875 Duff 1938 Ash 1939)
Thus 1n several reported cases the right pulmonary veins have opened
mnto the right aunicle or nto the superior vena cava and the orifice of
the snfertor vena cava may look 1nto both auricles In other cases the
superior vena cava has lain astride the defect or g left superior vena
cava has been present as in the case of Chase (1938) This anomalous
condition ot the veins has been supposed by some to be the cause of
persistence of the ostium secundum because of the extra amount of

FiG 47 Persistent foramen primum The mitral and

tricuspid valves are united at the upper margin of the

intecventricular  septum  (Specimen 1 the RCS
Museum)

blood recerved by the night aurnicle This hypothesis does not recene
entire confirmation for in other cases there have been no anomalies
of the vetns 4s 10 the case of Abbot and Kaufman (1910) In this latter
case 1t seems that there was a true failure 1n development of the septum
secundum  The 1dentification of this defect should present few diffi
culties because cwing to fature of the septum secundum there 1s no
restrictton of the foramen ovale and the septum primum in the later
stages of their develop: Counsequently the valve t and
the hmbus of the fossa ovalis are absent 1n a true defect of the category
The term widely patent foramen ovale should be applied only to a
distentron of a functionallv patent foramen avale without congenital

septal defect

(4) Patent Foramen Ovale Valvular or st like patency of the foramen
ovale 15 2 common finding 1n the post mortem room. and 15 without
cltmcal significance It oceurs in at least 20-30 per cent of cases and
1t shonld be recognized as an anatomucal variant of nterest to the
anatomust  but clincally ummportant Inspection of the anatomical
spectmen shows that the ontfice or potentral oritice does not gape but
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15 hept closed by the overlap of the valvuly foramums ovalis and the
annulus ovalis 1n the left and nght auncles respectively Such siit like
patency ts quite without signs or symptoms and 1s 1n general without
significance There 15 however evidence to show that in the event of
an snerease 1 pressure 1n the nght auncle occasioned by a pulmonary
embolus hyperteasive heart failure or mutral stenosis the potential
patency may become opened up and actual so that cyanosis may
develop or 2 paradoucal embolus be allowed to pass {fig 45) This

Fi 48 Patent foramen ovale Female aged 20

latter 1s a very rare event bul one Which may be rea onably infesred or
suspected from time totime Shit like patency should not be confused with
failure of develop: of the septum dum which s characterized
by absence of the annulus and the valve membrane The foramen ovale
may also remain patent owing to conditions favouning a rise sn pressure
n the night aurcle after birth as m pulmonary stenosis Strularly
tricuspid atresta entramns a patent foramen ovafe of considerable
ifa 1 1510 be A few cases have been

recorded where there were multiple defects of the septum especially
of the valvula

Although 1t 15 obvious that there 1s usually an embryological expla
nation of most auncular septal defects 2t 15 to be regretted that many
post mortem reports are confusing and mexphert as fo the spectfic
anatomical Iesiog to Which they refec A defect of 1 cm diameter 1s
usually considered to be significant and the starting point of pathology

Tt must be emphastzed that although the site of the defect may
occasionally detesmmne certatn peculianties i the cluncal picture the
symptoms and physical signs depend as a whole upon the size of the
@ fect and not upon 1ts site

INCIDENCE  Ap auncular septal defect 15 the commonest of all
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gongegxla! heart abnormalities As a combined leston its incidence mav
¢ as high as 85 per cent of all cases of congenttal heart disease [t 15
smpossible to enumerate all the defects with whick 1t may be assoctated
but 1 many abnormalitis the defect serves an integral part 1 marn
taning a arculation as i the valvular atrestas and more complex
anomalies Its incidence as a sole leston 1s given as 7 25 per cent by
Bedford Papp and Parkinson (1941) the latter figure perhaps being
unduly high It must be remembered that incidence at autopsy may not
necessanly correspond with clinical ncidence but there 15 reason to
believe now that the clinical picture permuts an almost certam diag
nosts that these figures will undergo alteration The defect as a sole
abnormality or 1n association with mitral stenosis appears 1o be much
more common in females but Burrett and White (1945) believe that
both sexes are equally affected

PATHOLOGY The most striking changes 1n the aurtcular septal defect
are 1n relation to the right side of the heart (fig 46) There ts hyper
trophy and dilatation of the night auricle and ventricle and difatation of
the pulmonary artery and 1ts branches Hypoplasta of the aorta 1s
frequently present and this was considered by Rokitansky fo be the
primary abnormality which by raising pressure m the left side of the
heart would tend to keep the foramen ovale open Against this theory is
the frequency with which a congenital aortic stenosts 1s unaccompanied
by a defect of the septum Further 1t 1s possible for the aorta to appear
small 1 comparison with the pulmonary artery yet to be of normal
calibre

As arule the heart as a whole appears to be greatly enlarged as in
Roesler s (1934) girl of 14 where 1t weighed 500 grams Roesler s analy
sts contirms this general enlargement 1o the sixty two cases of his sertes
and suggests that the larger the defect the Jarger the heart 15 Itkely to
be The heart has a rather square appearance the nght cavities forming
the antertor surface and apex of the heart There 1s 2 marked dispanity
between the calibres of the aorta and pulmonary artery and Roster
estimates their respective ratios as 2 3 The pulmonary artery 1s dilated
the dilatation ding to 1ts smaller branches (fig 51) Atheroma of
varying degree may be present and hikewise recent or old thrombosts
Assoctated with these changes there may be pulmonary infarction There
may also be evidence of paradoxial embolism with a ribbon hke clot
extending through the defect This 15 a very rare occurrence The
visceral changes are those of chronic congestion with an enlarged hver
Ascites and penipheral oedema may be preseat pleural effusion 15 rare
and 1s most hikely sn the case complicated by mutral stenosis The co'
extstence of mitral stenosts does not greatly alter the above gcn‘e,ra

arance save that the heart tends to be cven larger and the dis

appe jon between right and left chambers more exaggerated The
proportion betwecl UE - 1 (efect tending to prevent its dilatation
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SecoNDARY PATHOLOGICAL ErtecTs The constancy of tight sided
dilatation and hypertrophy 1s impressive and 1s 1n marked contrast to
the smallness of the left side of the heart ind aorta These changes are
the natural consequence of a shunt which passes from left to night
through the defect increasmg the load on the nght stde and dimumishing
that on the left The additional burden of a mitral stenosis does no
more than to emphasize those changes alteady present The left auncle
15 of particular interest for contrary to pathological experience of
mutral stenosss with an intact septum where the left auncle 1s hyper
trophied and dilated 1t remains small and relatively undtlated when
there 1s a septal defect

It has always been assumed that hypertrophy and dilatation of a
chamber of the heart are an expresston of an ncreased load or work
done by that chamber Equally 1t has been assumed that pressure
differences between the left and night auricles are the cause of a shunt
from left to nght yet anatomrcally 1 these cases there 1s no hyper
trophy of the left aurnicular wall This suggests that one effect of a
septal defect of significance 1s to equalize pressure in the two aurncles
This point being conceded 1t 1s necessary to find some explanation
other than a shunt caused by pressure differences to account for the
constant right sided hypertrophy The recent work of Uhley (1942)
has shown that the plane of the auricular septum 1s not verticat as ts
commonly supposed but nearly horizontal the left auricle being on a
shightly higher plane than the right with the septum forming its floor
Because of this there 1s a constant gravitational flow through the
defect and only when the subject 1s recumbent and the septum vertical
1s there any real reduction 1n this flow A mutral stenosts obstructing
the egress of blood into the left ventricle wilt emphasize this flow and
tend to cause more marked changes 1n the night side It seems therefore
likely that the first effect of an interauricular septal defect 15 to equalize
ntra aunicular pressures Subsequently gravity alone will lead to a
gradual enlargement of the night stde of the heart Thrs process may be
hastened by the mtervention of mitral stenosis Uhley s expeniments
are convincing in this respect and accord well with the observed
clinical facts of a long latent period before symptoms actually develop
and their emphasis when nutral stenosts oceurs This theory has not
recened confirmation m experiments with a catheter 1n the right heart
carried out with the subject inverted by Brannon Weens and Warren
(1945) These authors found the right ventricular pressure mn two un
complicated cases was 40 and 41 mm Hg respectively the output of
the night ventricle was twice that of the left and the right atrial blood
had a lugher oxygen content than blood from the supenior and nfenor
vena cava This latter observation proves the ewstence of a shunt

ASSOCIATION OF ACQUIRED VALVULAR LEsions The auricular septal
defect 1s by far the commonest form of congemtal heart disease with
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which acquired vatvular disease of the rheumatsc type may be assoct
ated Roesler (1934) found that three quarters of hus collected cases had
eidence of rheumatic valvular disease The mutral valie ss smost
commonly wvolved alone although comcident changes have been
Teported sn the aortic or tricuspid valves

Alitral Stenosis (Lutembacher's Disease)

Mutral stenosis 15 the commonest valvitar leston associated with an
auricalar septal defect The first observation has been credited to Louss
(1826) but a case was desciibed by Corsssart (1814) Other early
examples are those of Mavne (1584} and Peacock (1860) It was present
in eleven of the twenty cases of Rekitansky (1875) Greffiths (1906)
case was exceptronal because of the presence of infective endocarditts
Abbott (1915} and Lutembacher (1916) stressed the frequent comner
dence so that it became known a, Lutembacher s Disease McGinn
and White (1933) collected twenty three cases from the lierature and
added one p out the pverwhel prepoaderance of females
Lutembacher (1936) revived mterest in the condition and gases were
published by Cassio and Berconsky (1936) Cossio and Arana (1937)
Battro and de Is Serna (1937) Taussig e af (1038) to cne a few
examples Recenily Bedford Papp and Parkiason (1941) repocted four
Futopsied and four cltaical cases 1n a group of filty three patients with
an aurrrular septal defect Burrett and White £ 1945) who have reviewed
the thirty one autapsied cases since Roesler s sefies have come 0 the
conclusion that when Roesler s and therr own series are combined no
less than 53 & per cent of cases of auricular septaf dufect have murat
stenosts at autopsy For this reason 2 coevisting mutral stenosis shoutd
be suspected 1 every case of the guri~ular septal defect despite the
absence of anv defimte clinical indication of s presence This s welt
shown by the expertence of Bedford Papp aand Parkinson who faund
mitral stenosts i four of ten autopstes and clineally in only four of
their remaining farty three ases

Opiruon vartes as to the onun of the mutral stenous Some have
favoured a congenutal ongn postulaling a foetal endocardius of the
miutral valte Yet others notably m France have thought the mutral
steqosis to be part of a more complex congemtal abnormality mvolviny,
the left stde of the heart sa that the aorta 1s small and the pulmonary
artery Jarge Narrowing of the sitral valve from any cause would fend
to prevent closure of the foramen ovale The documented cases of
coarenntal mitral stenosys ate conspicuous by having their foramen
ovale closed or very small Al the .aattable evidence pornts to an
sequired valvular lesion But f acquired valvylar drsease 15 commion

25 we ok 115 there 1 el no posittve evidence to confirm that n:
incudence 15 any higher an this group than it 15 am:ngst :c rgcnc;:(lf
populauon at large Naone the Jess s tncrdence s this particufar a
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restricted field of congemtal heart disease 15 very much higher than
Gelfman and Levine s (1942) estimated ncidence of acquired rheu
matie valvular disease 1n 13 per cent of congenttal heart cases as a
whole This requires some explanation and a very accurate debneation
of the type of associated guricular septal defect A chnical hustory of
cheumatic fever or chorea 1s rare In the auncular septal defect An
absence of rh dents should not ly be d t
g 10 view of the large number of cases of mutral stenosts ardinandy
encountered 1n any group of young pregnant women A personal view
was quite simply expressed 1n 1943 (Bradshaw Lecture R CP) by
stating that were 1t not tor the mitral stenosts little would be heard of
the auncular septal defect The extraordinary cowncidence of mitral
valvular disease with this defect as shown by post mortem incidence
forces the view that mutral stenosts 1s most often the primary event
which renders a potentially patent foramen ovale into 2 defect of
signuficance

Aortic valvular disease was present 1n the cases of Jacobius and
Moore (1938) and Taussig Harvey and Follts (1938) Pericarditis was
mentioned by Rokitansky (1375) Battro and de Ja Serna (1937) Cossio
and Arana (1937) Bedford Papp and Parkinson {[941) and others

Bautertal epd: ditts 1s almost unk despite the p: of
acquired valvolar disease or other congemtal defects Four cases are
known to have had associated bactental endocarditis and are those of
Gnffith (1906) Goetsch (1938) Jacabius and Moore (1938} and
Bedford Papp and Parkinson (1941) To these may be added one 1n a
dog reported by Osler Abbott (1941) In congenital heart disease as a
whole 155 per cent of cases develop bactenal endocarditis In a seres
of 453 autopsied cases of congenital heart disease colleted by Gelfman
and Levine (1942) 6 5 per cent had infective endocarditis There were
179 cases with a sigmficant avncular septal defect as a primary or
complicating abnormality and all were exempt from infection It 15
interesting to note the type of defect in thix series A persstent ostium
secundum m 140 cases persistent ostum primum twenty mulople
defects nine and absent auticular septum 1n ten In 18] cases above
the age of two the incidence of bactenal endocarditis was 16 6 per cent
There were forty five cases with a sigmificant aurtcular septal defect 1n
this group all exempt from bactenal endacarditis It 15 obvious that
sites of stress and stram or of vigorous shunts have na couriterpart
in the auncular septal defect where the shunt 1s mainly passive and
gravitational Even when mutral stenosis 1s present left intra auricular
pressure 1s not notably raised because of the pressure equahzing effect
of deflection of the blood through a wide septal defect

CuiNIcA PICTURE Abbott (1934) has stated that the chnical picture
15 domnated by the presence of hypoplasia of the aorta Depletion of
the systemic crrculation by the combrned effects of 3 persistent shunt
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from left to night and underfilling of the left side of the heart leads to
pallor of the skin a rather stender burld and delayed signs of puberty
Dwarfism and infantilism have been reported 1n this condition The
association of mongoltsm with a persistent ostium primum has been
mentioned efsewhere It appears as more cases are reported that these
posstble physiol [ effects and d abnormalities have been
over emphasized

The abnormality may be entitely latent until the third decade or
later when symptoms often appear for the first ttme and are those of
breathlessness and failure Dyspnoea 1s generally present and may be
so habitual 1o the patient that 1t 15 not complained of It 1s often only
shght and despite an enlarged heart there may be a reasonable capacity
for exertion Cyanosis Is iconstant and may appear first with exertion
or 1n imminent or actual failure The cyanosts 1s of the type of cyanose
tardrve (Bard and Curtillet 1899) and 1s consequent upon reversal of
the shunt which then flows from nght to left through the defect
Cyanosis may also appear durtng intercurrent infections such as
pneumonia or be assoclated with haemoptysis when thrombosis
occurs 1n pul 'y branches Established cyanosis in the absence of
failure 1s very rare and should suggest the presence of some compli
cating abnormality Clubbing 1s likewsse inconstant and 1s proportional
to the degree of and d of H 1s may also be
due to an accompanying mutral stenosis Hoarseness due to pressure
of the enlarged pulmonary artery on the laryngeal nerve has been
described by Wah! and Gard (1931) Erlanger and Levine (1943) and
Burrett and White (1945)

As regards the purely cardia¢ signs a precardual bulge may be
present but 15 only a sign of cardiac enlargement occurring at an early
age The apex beat 1s forcible and displaced to the left and n the
absence of aortic Incompetence OF hypertension 1s an important sign
(Rosler 1934) There are no characteristic murmurs and a murmur
may be entirely absent Commonly there is a systolic murmur at the
apex or 1 the pulmonary area The murmur 1s not produced 1n the
defect 1tself and according to Cossto et al (1938) 1s probably produced
at the Jess distensible pulmonary ring which intervenes between a
dilated pulmonary artery and conus The pulmonary second sound 1s
emphatic and there 15 often a palpable diastolie shock in the pulmonary
arez A systohie thnll may be palpable at the same time  Ribbon dull
ness similar to Gerhardt s dullness in the patent ductus may also be
present The combination of cardiac enlargement to the antertor or
mid axillary fines with signs of pulmonary artery dilatation 15 \crg

(ve In other cases a systolic bruit may be due to a dilates
Sugees fice The charactenstic bruit of mutral stenosis may be
trcuspid onfice ases it 1s usually not heard and mitsal

t times but 1 most ¢:
ls’l[:;::‘:salhus remains silent owing to the low intra auricular pressure
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and shunt caused by the defect In a proportion of cases a diastolic
murmur of pulmonary incompetence may be heard in the pulmonary
area and along the left sternal border The blood pressure 1s generally
low unless the patient 1s within the age group where hypertenston
occurs

Auricular fibrillatton may be present and its occurrence is of interest
owing to its extreme ranty in other forms of congenital heart disease
It 15 due to the complicating presence of mutral stenosis or incompe

A I i L 4

FiG 49 Atnalseptal defect Patientaged 9 with typical fluoroscopic appear

ances A logarthmic phonocardiogram recorded from the sccond ter

costal space at the left sternal edge B apex cardiagram | First sound

SM svstolic munmur 22 spht second heart sound gap 0 05 sec Time
imtervals 07 sec (Dr M Matthew s case)

tence and no case of fibrillation has so far been reported 1 the pure
aunicular septal defect unless there has been hypertension or other added
pathology Flutter 1s rare but cases have been reported by Amberg
and Willus (1926) and by Bedford ef g/ (1941)

At the time of writing Iittle 15 known of the exact climical preture of
the auricular septal defect m childhood and most cases are unrecog
nized There Is reason to believe that the development of cardiac
catheterization and angiocardiography will remove many uncertainties
1n diagnosts Sometimes an X ray of the chest taken during a mass
survey or for some mtercurrent infection may evoke the first suspicion
of cardsac abnormality A systolic murmur may or may not be preseat
In the author s experience 1f a murmur 1s present 1t 15 1 10 way
charactenistic and may be quite 1ndistingurshable from the systolic
murmur of other types of acyanotic congenital heart disease Indeed
1ts audibility 1n the area of auscultatory romance may well lead to its
dismussal as of no account Not infrequently the pulmonary second
sound 15 abnormally loud and reduphicated (fig 49) and this may lead
to further investigation and the radiological display of a prominent
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pulmonary conus and a large night branch The point 1s that the
diagnosss 1s elustve 1n childhood and it may be years before there 1s 2
charactersstic clinical prcture Aurtcular flutter paroxysmal tachycardta
acrocyanosis 1n the very young and tadure of normal development are
possible findings which may raise susprcion of the defect

RapiotoGy The principal radiological sign 1s enlargement of the
pulmonary artery and 1ts branches (Assmann 1928) In the antenor
view the heart 1 atways enlarged to the left and often to the right

Fig 50 Defect of aurtcular septum in woman aged 35

Radrograph showmng much enlarged heart and aneu

rysmal pulmonary artery its right branch formed a
pulsating mass in right lung root

Battro and De Ia Serna (1937) and Cossio and Arana (1937) considered
enlargement to the riaht to be an tmportant radiological sign Bedford
Papp and Parkinson {1941) sugsest that the right awrscle tends to bulge
forward and to the left displacing the enlarged right ventricle The
enlarged right sentricle forms the rounded left border of the heart A
bulge of the pul! 'y arc 1s the most striking finding and
rrnay assume aneurysmal propostions (fig 50} This s largely due r:
dilatation of the trunk of the pulmonary artery although the left branc!
may also be a component of and emphastze the arc The pulmonarg
branches are always enlarged and the right branch which ts not covcr;
by any part of the cardtac sithouette s d;nsc nngdc?:-rsn:;;as:&p;dl sogr:gf,
ulmonary artefy ai
screen pqu;l}tle;loocfa]tﬁ; ﬁ)la’? dnnge ((’egl 1925 1932) Absence of
ulsation suggests the presence of pulmonary artery thrombosis Such
: 1sation has been descrebed as being due to pulmonary meompetence
L ﬂh‘ t 15 not atways so The aortic knob 1s small or absent 1n most
hu:e: ~lan]r; when miteal stenosts 15 present there is Irkely to be right
ca:

promment,
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auricular dilatation In the obltque view the left auricle 1s not enfarged

In a few cases (Roester 1934 Taussig ef ol 193§ and Joly 1939)
the heart 15 pynform 1 shape and susgests a pencardial effusion
{Bedford ef of 1931) Angocardiography 1s of Hitle value 1 the
uncompheated defect

FLECTROCARDIOGRAM Right axis devsation esther of atself or as
bundle branch block of the old or newer types 1s almost always present
Large P waves tn one or more leads are common and a ifid £ wase

Fio 51 Same case pulmonaty artery and maw bran hes difated
night ventride much esfarged and aorta hypoplasue

may be present 1n the absence of rmtral stenosts The PR interval may
be incteased (Bedford ef o/ 1941) and there 1s evidence to show that
1 sonme cases the PR anterval undergoes progressive tnerease with age
Al deyreet of widening or splintering of the QRS complex ar¢ common
rangtng from simple protonged intraventnicular conduction down to
right bundle branch blovk of the commaner or sewer types (fig 52)
Incomplete bundle branch block ts commoner than the complete form
Awidened QRS suggesting right bundle branch block has been described
by Bedford and Brown (1937} Routier and de Babae (1933} and was
thought 10 be of diagnoshic mmportance by Routier Brumbk and
Malinsky 11940) These latter stggest that thus change 1s not a con
gentat abpormality per se but is mduced by the progressive myowardial
changes accompanying the gradual hypertrophy ot the heart during the
course of the disease The T wave i fad 2 or 3 or both 1s frequently
imnerted when a widened QRS 35 present but T wave imersion may
be present with normal ventricular complexes T wave inversion 1s said
to be an expression of right ventrivwlar strain {Barnes and Whutten
1929 Brumbik 1937} Complete heart block has been occasionally
recorded in persistent ostium primum (Wallgren and Winblad 1937)
Aurculsr fibriflation  occurs with some frequency  and the
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interauricular septal defect ts the only congenital leston where 1t 15 Iikely
tooccur It1s thought to result exther from the assocrated rheumatic mitral
stenosts ot from ncreasing age of the patient rather than from the
actual congenital lesion iself In all the reported cases 1t has been
assoctated with mtral stenosts in the younger age groups and there 1s
no record of fibrillation i the pure uncomplicated defect below the
age of 50
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fect [t will be seen
lectrocardiograms from s cases of avncular septal del

:;\lfl cjaznfucuon defcclgs are frequent and that yvanous types of typical ar;d atypnal
bundle branch block may be present In ¢ase F  there was auncular fibllatron

Diagnosts The diagnosts of an teraurrcular septal defect 1s mawnly
Ji The gross dil! of the pul y artery and lls'flgh(
heart 1s charactenstic From
nch together with enlargement of the
: murel’y cl’lnmcm’ pomnt of view ealargement of the heart mx}hc di]b:cn('c
ofp;\cmc 1ncompetence or hypertension is very suggestive In ab(limor:i
there are the signs of dilatation of the pulmgnag[;’xcrlscg‘};c‘:ls;": ;:r
Isation tn the left inter spaces a dtasl
paipable pl diastolic murmur may be present
tolic thril A pulmonary das
}a"asnzs?gis absent unless fatlure 1s present or imminent and although
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dyspnoea 1s present 1t scems much less than would be anticipated from
the elinical and radiological signs The electrocardiogram shows a
night axts possibly with negative T waves 1 leads 2 and 3

Dl 1 d 1s from those Ior d cond
1n which the pulmonary artery s enlarged It must never be forgotten
that an aurcular septal defect 15 often combined with other congemital
lestons

Mutral stenosis may cause difficelty 1f the pulmonary artery ts
enlarged or tf there s relative pulmonary incompetence However
enlargement of the left auncle and displacement of the banum filled
oesophagus wilt exclude an auricular septal defect In addition mutral
stenosts will more often present a straight left border of the cardiac
sithouette Likewise there 15 apt to be a general puimonary congestion
conspicuously absent 1n the aurrcular septal defect Finally the charac
tenstic late diastolic murmur of mutral stenosts 1s present As mentioned
above 1t 1s wise 10 suspect mitral stenosis in every case of interauricular
septal defect The presence of auncular fibrillation m a case which
presents all the signs of the septal defect both clinical and radiological
and betow the age of 50 1s almost cestain to have mutral stenosts present

A patent ductus arteriosus rarely causes difficulty The heart 1s not
greatly enlarged a machinery bruit 1s charactenstic and the electro
cardtogram shows a normal or left axis deviation Only 1n those cases
where the patent ductus 1s complicated by pulmonary artery sclerosis
and pulmonary hypertension 1s there any real difficulty In pulmonary
stenosis there 15 a characteristic harsh murmur and systolic thnll m
the pulmonary area The pulmonary branches are not enlarged
although the trunk may be dilated The aortic knuckle 1s readily visible
and there 1s not extreme cardiac enlargement

The maladie de Roger 1s unaccompanied by gross cardiac enlarge
ment or by a dilated pulmonary artery There may be a straight left
border to the heart The electrocardtogram shows a normal axis m
most cases

Pulmonary artery dilatauon secondary to chronic lung disease
shows the signs of the causal condition Clubbing of the fingers may
be promunent

Primary pulmonary artery disease may be most difficult but
suggestive points are cyanosts of long standing clubbing and a
posttive Wasserman feaction

Primary dilatation of the pulmonary artery due to unequal division
of the common trunk may present the greatest difficulty of afl as the
clinical and X ray picture may be sdentical with the true ausicular
septal defect Exact recogmtion may depend upon post mortem exam
tnation Primary diatation is extremely rare and probability n a
doubtful case would favour the interauricular septal defect {Bedford
etal) Brandon Weens and Warren (1945) and others have shown by
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heart catheterszation that i the auricutar <eptal defect the oyvgen wop
tent of blood in the right aurscle 1s appreciably higher than m blood
from the supertor or mferior vena cava This affords a possible means
of distmction between septal defect and primary dilatation of the pyt
manary artery

COURSE AnD PRaGNOSIS Symptoms may be slight or absent wot!
adult ife and many patients appear to be capable of normal phvsical
activittes Others are delicate and lead resticted Ines

Cyanosty and dyspnoea gradually develop and ultumately the case
presents the yeneral piture of night heart faare Simifar svmptoms
may appear suddenty durmg some mtercusyent disease Death 1s usualfy
the result of cardiac fatlure often with aunculer fbriffation A few
cases may dee of pulmonary t but infecu ditss 1>
of extreme ranty and a pathological curtosity Paridoxical embolism
(Chapter 1) 15 a classic ) mawmfestatton but occurss fately 4s in the cases
of Thamson and Evans (1930) and Barnard (1930}
17115 Roesler s series the average age at death was 36 with an extreme

of
When mitral stenosts s present the Jesion 1s well tolerated and some

cases attain a remarkable age Lutembacher s case had seven preg
nancies and reached the age of 61 whiist Fitket s case expenenced
eleven pregnancies and attamned the age of 74 The average age at death
m McGinn and Whatte s sertes was 35 years
1t may be remarked here that the longevity of the average case of the
Lutembacher sy ndrome has led to a surgical approach in the treatment
of mtral stenosis The subyects of the Lutembacher syndrome are not
prone to the mconvemences and disasters of uncomplicated mutrat
stenasis They are exempt from acute pulmonary cedema and hae
moptysis and cig of nght beart failure and not of pulmonary con
geston It appears that a defect of the auncular septum affords
protection from & mounting pressure in the left auncle Itss therefare
poc thle that some cases at least of mitral stenosis might achieve
beneht from the creation of an auncular septal defect or its equualent
The effect of a septal defect can be secured witit hittle difficulty by
anastomosts between a left supertor pulmonary vetn and the azygo
vewn ustng & Blakemore tube Ths operatton has already been success
fully accomplished
ANEURYSM OF THE TRUNA AND THE Marv BRAMCHDS
OF THE PULMONARY ARTIRY
reme dilztaiion of the pulimonary astery s not uRCEMMON 1n a
miﬁy of conditions parhouiatl, wher observed by the Xray and
ous interpretatton of congenital heart

uently Jed to an erranc
gf:-;{;qussmann {1928) sinte hat que thrd to one-halt of congental

cardiae eases have enlargement of the pulmenary artery and about



DEFECTS OF THE AURICLLAR SCPTUM 145
one fifth of these Lases are of pateat ductus artennosus Perry (1930
found promsnence of the pulmonary conus 1n 26 8 per cent of hus
cases of congenstal heart disea ¢ Lincoln and Spiilman (1928) found
amtlar prormmence tn 21 3 per cent of normat children In passing it
fmay be a that rh of the pu} ry artery may cause
marked prommence ot the pulmonary conus s in the case of Schwartz
and Scheiling (1931) Raesler (1936} tound about haif the cases of
pulmonary aneurysm ta be assoctated with congenital heart or veasel
lestons Povd and MeGavach (1239) in an analysss of 111 recorded
cases of pulmonary neurysm (examples of simple diffuse didatation
bemng excluded) found accompanying congenial lestons sn 66 pet cent
and these lestons were dered to be 1mp pred factors
18 the development of an aneurysm m 43 2 per cent In thewr analysis
m discusang the role of ather preuprtaung factors which mmght
tttate the aneurysmal process they found actie syphilis w31 7 per
cent  artertosclerons m 23 per vent  and other mfections m 17 2 per
cent The congental lestons most often present are defects of the inter
ayncular septirms patent ductus arfertosus and pufmanary stenosts
A bicuspid pulmanary vahe has been setorded as assoctated and st 1s
nteresting with s possible implication of unequal duaston of the
trumeus Sometimes an tafective attenitss of the pulmenary artery may
be an mmportant factor Sumslar views are shared by Deterltag and
Clagett {1947 The anatorawcal features of the pulmonary astery that
altaw us difatation are its relatvely thin walls in compartson with other
arterses of simalar calibre sts dehciency of muscular and elastic tissue
0 the medial coat esp along the velatnel je antersor
and lateral watls of the trunk and its low tonus m common with all
vessels in the pulmonary arcuit These factors repder s distension a
comparatiely easy matter 1 the presence of « shunt of the magmitude
that occurs w1 a defect of the interaurteular septum of wn 2 patent
ductus artenosus  The intervention of mfection renders gilatation all
the more tkely
It 5 1mportant but difficult 1o detetrmne what 15 an aneurysm as
di tinet trom mese dilstation of the pulmonary artery Any student of
1he fiterature spon becomes aware that many of the descrtbed aneurysms
hove begun as simple fusiform didatation and then with the devetap
ment of artersoslerosis have become aneunysms Boyd and MeGavak
would only tnlede as aneurysms those ¢ases 1o which there 1 poSt
mortem evidence of more or less arcumsenibed diatation af the
pulmonary attery with some degeneration of the vesset wall This by
defimtion almost excludes the possibility of accurite diignosss during
hfe tn a great many cases Aneyrysmal didatation of the pulmonary
arery & term quite } 2 would con 1o get over
some of the difficulty
As regards the site of the aneurysm 1t may mvolve the trupl o one
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or both branches of the pulmonary artery The branches alone may be
ln\cohed to the excluston of the main trunk
ases associated with 2 pulmonary stenosts are those of Mantovant
(1902) Arnheim (1905) and Botenga (1936) and n these the trunk
::";::s\zzi I:Vrzla\t!:gr Arrr:il:;{\mls case exhibtted valvular stenosis Jt 1s
Aatanon & of culty to idequately explain post stenotic
ases 1n which the ductus was patent and these appear to
be the commonest 1nclude those of Terplan (1934) where there was
coincident nfectron Joules (1934) where 1n addition to a patent ductus
there was a defect both of the auricular and ventricular septum and
the trunk and both branches were mvolved and Scott (1934) where
there was a moderate coarctatton Recent cases are those of Palmer
and Kempf (1939) Johannsen and Connor (1943) and Hartwell and
Tilden (1943) The auricular septal defect figures largely 1n the case of
Menzim (1935) where the night branch was mvolved Involvement of
the nght branch 1s not uncommon and 1s readily recogmzed by 1ts
comma radiological picture The work of Bedford Papp and
Parkinson (1941) has tndicated that dilatation of the trunk and branches
1s 50 common and marked i the auricular septal defect as to raise the
question as to what degree of enlargement may truly be classed as
aneurysmal Wilkinson s (1940) case of massive enlargement of the
pulmonary artery showed only a small interventricular septal defect
In this case both trunk and branches were involved
Desprte the frequency of the auricular septal defect and the patent
ductus arteriosus 1n the female the distribution of cases between the
sexes 1 congenital cases shows only a slight preponderance 1n the
female It also appears that there are two main peaks of incidence the
first from birth to the twenty ninth year representing those cases 1n
which a congenital anomaly forms the basis of aneurysm formation
and from the fortieth to fifty ninth year where such factors as syphilis
and artertosclerosis become operative
CLINICAL FEATURES Aneurysm of the trunk of the pulmonary
artery either alone or combined gives nse to phystcal signs and
symptoms whereas aneurysm of a branch tends to give rise to svmp-
toms alone In addition there are the signs and symptoms of an
accompanying congemtal heart lesson Boyd and McGavack (1941)
state that In ancurysm mvolving the trunk there 1s stasts 1n the Tesser
arculation ct 1zed by dysp. y fullness in the chest
and perhaps haemopytsis There may be prominence of the chest
especially in the region of the second and third left costal cartilages
Pulsation 15 often visible in the second left space and at the same site
there may be a thrill and a loud superficial systolic murmur Hypc‘;l
trophy and dilatation of the night side of the heart are present ‘”m
corresponding changes in the electrocardiogram and a P“’m;z‘m
pulmonary conus i the radiological picture A cough 15 comm
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both ancurysm of the trunk or pulmenary branches and u has been
designated as brassy by Foster (1920} It 15 due either to wrnifation of
the fecurrent serve fo bronchial wntation or to pulmonary throm
bost> 1 which latter case 1t 1s accompanied by blood stamed sputum
Dyspnoea and cyanosis appear earliest 1 congenital cases Peripherat
oedema 1s rare When fatlure does occur st is of the nght sided type
with 3 farge and perhaps pulsating liver from & d tncornp '3
ascites and pertpheral ocdema
Some of the princspal elinical featytes are tifustrated by the cases
recorded below In Sondergaard s (1936) case a male of 31 there was
cyanosis and clubbing of sixteen years duratign together with dyspnoea
on exertion and occasional haemoptysrs The heart was shghtly en
jarged and there was bulging of the preacordium A blowtng systohc
murmur was present The radiogram showed 3 small aorta wath a
greatly enlarged pulmonary artery the hilar artenes being greatly
increased  Autopsy showed a widely patent foramen ovale A case
reparted by Bedford (1928) a female aged 36 exubsted breathlessness
on exertion and pain of anginal type The heart was enlarged and there
was 2 thnt] and pulsation of expansile type in the second and third
spaces A systoltc murmur was present over the pulmonary area and
occastonally a dustobe murmur of pulmonary ncompetence was
heard She developed cyanosts and had oceastonal haemoptysis The
symptoms and stgus were atinbuted to a patent ductus arteniosus and
infective artenitis of the pulmonary artery Moench s (1974) case a
female aged 29 showed few symptoms except vertigo and breathlessness
and died suddenly There was a large patent ductus artenosus admitting
the index finger a bicuspid pulmanary artery and a hinear rupture of
the greatly dilated pulmonary trunk Wilkinson s (1940} case 4 girf of
13 suffered wath breathlessness She had a grossly enlarged heart and
an enormous pulmonary artery Dallness extended up to the second
left space m the mudclavicular hne There was a long systolic murmur
in the second left space the pulmonary second sound was well heard
and there was 2 dastolic murmur She died suddenly from rupture of
the difated pulmonary artery wiuch showed a baear spht about two
inches in length one 1nch above the pulmonary valve The pulmonary
valve was bicuspid and there way a small defect at the base of the
nterventriular seprum Joules (1934) reporting a case of persistent
astiut seundum m a female azed 37 states that physical signs are
scanty untl pulmonary incompetence develops Cyanosis 1s ofien late
m appearance and the presenie of a heart feston may not be recognized
until late 1 adult Iife Favonte s (1934) case of cor tuatnatum tr
loculare echibited 2 greatly diated pulmonary artery which ruptured
and caused death In Wahl and Gard s (1931) case a female of 19 an
aneurysm of the right branch led to 2 duagnosis of meduastnal tumour

At operation there was fatal mctston of an anewrysm The foramen
L
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ovale was patent and measured 22 mm n diameter Shght cyanosis
and clubbing were present Henschen (1906) who analysed forty cases
found the mamn symptoms to be dyspnoea some degree of cyanosts
and occastonal haemoptysts There may be substernal pasn (cf aneurysm
of the aorta) either over the site of the dilated pulmonary artery or
provoked by exertion and of definite angmal type The physical st ns
were generally bulging and pulsation 1n the second and third left
intercostal spaces The heart was enlarged to left and nght Dullness
corresponding to the dilated vessel was present 1n the second and third
left spaces The auscultatory signs were a systolic murmur often of
rather superfictal ch and lly a di lic murmur was
present A thrll was frequent 1 the pulmonary area The usual sigas
of an aneurysm tended to be absent although there may rarely be
paralysis of the recurrent laryngeal nerve

RaDIOLOGY The picture 15 essentially stmlar to that of the inter
aurtcular septal defect There 1s a large actively pulsating pulmonary
artery and increased depth and breadth of the hilar shadows especially
on the right where the pul 'y branch 1s unobscured by the cardiac
shadow There 15 tn additton tndentation of the oesophagus below the
aortic impression 1n the nght antersor obhque posttion Perhaps one
of the best examples extant 1s that of Wilkinson (1940) The pulmonary
ongin of ah aneurysm has been demonstrated by angiocardiography
by Robb and Steinberg (1940} and others

ELECTROCARDIOGRAM An zneurysm of the pulmonary artery hke
the sumilar conditton of the aorta 15 per se unlikely to cause an
alteration on the electrocardiogram unless there 1s associated pathology
1n the pulmonary valve conus or elsewhere Because the associated
congenital abnormality 1s either a defect of the interaunicular septum
or a patent ductus arteriosus both of which allow a shunt from left to
rght and so over burd the pul ry 1l night axis
dewviation 1s usual if not mevitable

DIFFERENTIAL DIaGhosis This may be a matter of considerable
difficulty in some cases An aortic aneurysm tnvolving the descending
aorta may usually be identrfied on radiological grounds and by the
absence of enlargement of the pulmonary branches A patent ductus
artertosus usually presents the classical continuous murmur which 15
charactersstic If however thrombosis occurs in the ductus 1t may be
mpossible to differentrate 1t from a pulmonary artery aneurysm Inter
autcular septal defects are generally recognized by the absenee of
disttnetive murmurs the assoctation of mutral valve lestons and the
absence of a thrll and chest deformity which are frequent 1n aneurysm
Mediastinal tumours may be recognized by kymographic methods

CouUrsE AND PROGNOSIS Aneurysmal dilatation of the pulmonary
artery may be compatible with Iife until the third decade when sym;’;
toms afe apt to occur Boyd and McGavack gave the average age
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death as 32 years Death usually results esther from rupture of the
pulmonary artery ntercurrent infection  bacterral endocurdiis or
ntercurrent disease Tuberculosis claims some victims

CONGENMTAL DILATATION OF THE PULMONARY ARTERY
AND 118 BPANCHES

{Iborariic DILATATION OF THE PULMONARY ARIEKY)

As an isolated abnormahity d by any other 1
abnormality congenttal difatation of the pulmonary artery and sts
branches 18 a rare condition Considerable confuston exists 1 relation
to this anomaly which by defimtion must exclude those cases where
thete 15 a patent ductus atteriosus mnteraunculac septal detect or
evidente of rheumatic or syphilitic disease of the heart blood vessels
or fungs The difficulty anses because these latter conditions hke
ssolated dilatavson of the pulmonary artery may be acompamed by
sclerotsc changes in the pulmonary artery and by a relatrvely small o
hvpoplasie aorta

The case of Zuber {1904) from which otiginated the term congenital
dilatation of the pulmonary artery is thus excluded because a patent
ductus asteriosus was present Oppenhesmer (1933) reported several
cases with two post mortems both of which showed a dilated trunk
and braaches of the pulmonary artery togethet with hypertrophy of
the right ventricle and a small aorta The most convinuing evidence m
favour of 2 congenttal onigin of the condition 1 the presence of 4 hypo-
plassc aorta although it 1s of course possible that cases without aortic
hypoptaua may equally have a congenstal onigin Assmann (£929) was
perhaps the first to suggest that unequal division of the truncus artert
osus was the primary event This view has been supported by the
French cardiolognts notably Laubry ef af {1941) who deseribe a con
dition of grosse pulmonarre petite aorte  although but one of thesr
reported cases 15 wholly acceptable as being of the type umder dis
cusston Simlasly one of the cases of hounlsky ef af (1941) mght also
be acceptable in this category By far the greater number of cases where
there 1s dilatation of the pulmanary artery and a small aorts are
assoctated with an interausicular septat defect and it seems tnat this
unequat diviston of the truncus arfertosus may result not only m
aurrcutar septal defeuts but atso 1n 1solated diiatation of the pulmonary
artery

There 15 also a group of cases reported as pnimary pulmonary arterto-
scletosts defined by Brenner (£933) as bemng sclerosss of the puimonary
artery with right sided hypestrophy wnaccomparied by any other heart
or pulmonary disease East (1940) and De Navasquez Forbes and

Holhuasg (1940} also describe cases with dilated pulmonary arteries and
night sided hypentrophy  assottated with pulmonary artersosdlerosss
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and attributed to pulmonary hypertension of unknown origin There
might be some reasonable criticism of this view There 15 expermental
evidence that hypertension of the pulmonary artery may cause arterlo
sclerosis but there 1s no clear knowledge that pulmonary arterio
sclerosis of stself can result i pulmonary hypertension In muteal
stenosts for example notable arteriosclerosss may be present in the
pulmonary trunk and branches without great dilatation of the arteries
despite the presence of pulmonary hypertension suggesting that if
neither arteriosclerosis or hypertension cause dilatation then there
might well be some additional congenital structural factor to account
for 1t From this one might well infer that a congemtal unequal
division of the truncus 1s ¢ probable etiologtcal factor

On the assumption of a congenital disproportion ta size as between
the aorta and pulmonary artery Gold (1946) advances the Ingenious
theory that stress 1n the dilated pulmonary artery 15 greater than n a
vessel of normal cahibre Thus when there 1s a column of flurd at
constant pressure 1n a cylinder the stress at any pomnt on the cylinder
wall 1s directly proportional to the diameter of the cylinder at that point
From this 1n a dilated vessel the stress 1s greater than 1t would be if
the vessel were normal 1n diameter Accepting the hypothesis that
artenosclerosis 1s a degenerative lesion 1mtiated by increased stress on
the vessel wall then sclerotic changes would readily appear in the
dilated vessel These changes appear in the absence of hypertension
but extenston to the medium and smaller branches of the pulmonary
artery with thickening of their walls and narrowing of their lumen must
ultimately lead to hypertension and with it right ventricufar enfarpe
ment and finally failure

No mention has been made of Ayerza s disease an 1l defined
syndrome with cyanosts and pulmonary vascular sclerosts In the welter
of cases reported as Ayerza s disease one finds pulmonary artenio
sclerosis considered by some to be secondary to pulmonary or bronchial
disease and by others to be due to sypmliic artenuis of the pulmonary
vessels Undoubtedly the reported cases show a difated pulmonary
artery and right ventricular hypertrophy In a few cases mention 13
made of hypoplasia of the aorta It seems that there 1s grave doubts as
to the specificity of the Ayerza syndrome and some of the fcportcd
cases Taay be true ples of 1 dit of the p ry

artery ,
CuivicAL PICTURE There are no characteristic symptoms ot pfysfcs:

signs to reveal the presence of this abnormality which 1s often first
4 on radiol 1

Cyanosts 15 usually slight and
may'be noted 1n regard to the lips or finger tips Some brca(hlcssness‘_ on
exertion 1s common The heart 1s enlarged to the nght A very fe
cases have presented a basal systolic murmur and thait In most msf:
an accentuated pulmonary second sound has been noted Moderal
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polycythacrna may ocuus The tlectrocardiogram shows 2 nght avs
The X ray picture confirms the hypertropby of the night ventricle and
shows a greatly enfarged pulmonary adtery 1t can be satd that the
general prcture 1s that of a subacute cor putronale n which the only
constant discoverable abnormalittes are difatation of the pulmonary
artery an accentuated pulmonary second sound and nght axs devea
uon 1n the electrocardrogram  Apart from the conditon under dis
cusston  pulmonary atteritss and tymphangitic carcinomatosts of the
Jungs the latter secondary to & symptomless carcinoma of the stomach
or breast should be considered m the differenual diagnosts Cardiac
cathetenization may be necessary to make a dragnosts from an aunicular
septal defect

Covrst anp ProGosts Apart from some dyspnoea on exertion the
condstion mav remaa benign and latent until the enfarged mght
ventricle begias fo fail Falure once established does not respond welf
to treatment Death may ocour at any age but usuaily in the second to
fourth decade

Biatep DILATATION OF A BRANCH OF THE PuLmONaRY
ARTERY

Soulte Bourtain and Joly (1943) have drawn attention to dilatation
of a branch of the pulmonary artery most often the lefi The aortass
normal in size and cases therefore do not correctly fall into the group
of unequal dnision of the truncus atteriosts Soulié ef af present six
cases nve involving the Jeft branch One case only had shight cyanosis
and clubbing A systol murmur was audible 1n the second left space
and also  the left wnterscapular region Some degree of neht axis was
present i the electrocardiogram The X ray picture showed enlarge
ment of the left pulmonary branch and no enlargement of the put
monary trunk Unfortunately there are no post moriem exarmmations
In other reported cases the nght and left branches have been dilated
with the trunk of the artery appareatly of normal size These cases
may or may not be accompamed by night axis un the electrovardiogram
but the pubhished X ray pictures show enlargement of the heart An
example 1> the case of Lenegre Roudinesco and Marquis (1943) Asa
cesuly of this work a personal search for these cases revealed several
examples but no post mortem matenal s forthcorming It may be
semarked that m the solated patent ductus arteriosus the left pul
monary artery may be larger than the right due 1o the direction of the
stream of blood from the ductus farcely into the left pulmonary artery



CHAPTER XI

MALADIE DE ROGER
ISOLATED DEFECTS OF THE YENTRICULAR SEPTUM
CONGENITAL HEART BLOCK

Roger (1879) was the first to describe a congenital defect of the heart
n which symptoms were absent although defintte constant phystcal
signs were present Dupre (1891) venfied a case at autopsy and named
the syndrome the maladre de Roger

It 15 possibly the commonest of all congenital abnormalities but the
condition 1s so benign and symptomless that many cases escape obser
vation or are designated by some other diagnosis Perry (1931) restew
g the congemtal heart cases of a school cardiac clinic found that
35 per cent were referable to this category Muir and Brown (1934)
analystg stmifar matersal found that 37 per cent of cases presented
the s1gns of an 1solated intersentricular septal defect

Defects of the ventricular septum are generally situated at the base
of the scptum but may rarely be present at other sites Entire absence
of the ventricular septum cor biatriatum triloculare 1s considered
elsewhere (Chapter XV} Rokitansky (1875) divided the septum 1ato
two parts an antenior and a posterror with the membranous septum
as the boundary between them The antertor part of the antertor
septum 1s derived from the bulbus cordis The rest of the septum 15
evolved from the septum infertus and the fused cushions of the atrral
canil Defects of the antertor {bulbar) septum ire rare The common
position of the 1solated septal defect 1s just antertor to the membranous
septum beneath the aortic cusps Defects may be found in other
regions of the ventricular septum as for example 1n the case of Weiss
(1927) where a large Interventricular communication evisted near the
apex
pThc wterpretation of an solated defect as a persistent inter
ventncular foramen 1s questionable Fraser (1917) has shown that the
interventricular foramen becomes the connecting link between the
aorta and the outfiow part of the left ventricle The refation of defects
1n this region to the evolution of the bulbus cordis is evident from the
frequency with which a septal defect 15 assoctated with lesions of the
pulmonary tract Laubry and Pezzi (1923) have pleaded for caution in
the diagnosis of an 1solated defect mn view of this assoctation Reih
(1509) and Abbott (1927) consider that ssolated defects ot the ventncular
septum anterior 1o the membranous septum are due to a primary
arrest of growth of unknown ongin It may be very difficult to separate
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some ases trom the Fisenmenger complex with shight dextroposiion
of the aorta a Tmmal farm of transpositon of the vessels

AnaToMy In appearance the defect 1s vanable in size admutting only
a probe in many cases byt occasionally large enough fo adaut a fittle
finger {fig 53) Cueular or oval s shape the margin of the small defect
15 generally surrounded with fibrous tissue affording a marked pontrast
to the fle hy margin of the larger defect 1 praver anomalties such as the
retratogy of Fallot Defects s the common situation that s n the
postertor part of the antenor septum usually open wto the nght
entricle beneath the septat cusp of the tricuspid valve or ocuasionally
mto the nyht avurile abote the ke of attachment of the same cusp
Defects 1n the antersor past of the antenor septum open mto the
mfundibulum of the nght ventricle and are usually assocsated with

ahes of the y tract and d position of the lorta {see
Tetralogy of Failoty
The morphal i ofy lar septal defects are of

terest Bulbar septal defects correspond to the anterior .ommunicx
ton between the dorsal and ventral ventricles of the turtfe s heart
Defects anteriot to the membsanous septum are the homologue of the
foramen between the aartic ventricles of the turtle {Abbott and
Shanly 1922) Defects of the lower or musiular part of the septum
ate rare and pond to the between the dorsal
and ventral ventricles tound normally in the fieart of the python (Wens
1927 Mason and Haater 1937)

A defect of the interventnicular septum may be an acqured con
ditton It may be the result of perforatian of a gumma of the septum
or be the sequel of an mfarct of the septum subsequent to coronary
disease

The presence of a shunt from feft to right through the defect 1s
shawn by the eccorrence of an ares of fibrosis on the wall of the right
ventricle oppostte the defet Stmefarly sn the event of snfectne endo
cardstss involving the ontfice of the defect vegetations may be found on
the opposite wall of the ventricle or on the tricuspid feaflet

There 15 some evidence that an intenventricular septal defect large
and 1mportant i sfaney may with growth of the heart become
relatsvely small and vaumportant in comparnson with the size of the
heart It may ultimately become neghgible and fail to give rise to
physical signs It 1s afso possible as Parkes Weber (1918) suggests that
the fibrous tissue surrounding the defect may contract and obliterate
the orifice Cases have been recorded with disappearance of both thalt
and murmus by Parkes Weber (1918) French {J918) Stamm (1918)
Stall (1924) Mwr and Brown (1937) and Perry (1937) Unfortunately
there 15 no post mortem evidence to corroborate these observations
Fibross in the regron of the defect may involve an aortic cusp and
Jead to 1s deformuty and consequent aortic incompetence (Bra adebury
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1934) (fig 54) In the unt
que case of Allen (1941) the night aortie

hermat o
ws; ated through the defect and adhered to the anterior pulmonary

CLINICAL PicTURE There are no symptoms that ca

n be attributed

ta this abnormality Its charactenstic feature 1s an absence of symptoms
with marked physical signs The description of Roger (1879) may well
be quoted In fus conclusions he finds that

There 15 a developmental defect of the heart trom which cyanosis

My

AP
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Fi6 53 Fio 54

Fi1G6 53 The maladie de Roger 1 a child who died suddenly

FiG_54 Maladie de Roger with mvolvement of an aortic cusp
tn fibcous tissue originating from the defect and causing
201t tnuompetence

does not result despite a communication between the two ventricular
cavities It conststs of an opening n the interventricular septum
It 15 revealed only on auscultation by a physical sign with a very
definute character thes 1s a fong loud murmur It begins 1n systole
and 15 prolonged to such an extent as to entirely cover the natural
tic tac of the heart sounds It has ifs maximum intensity not at the
apex  but over the upper third of the praecordial region 1t 1s chiefiy
medral 1n posttion like the septum itself and from this central posion
1t duminsshes 1n intensity umformly as one moves the stethoscope over
the chest It coincides with no other sign of heart disease except a harsh
thnlt which accompanies 1t This murmur 1s the pathognomoni sign
of an nterventnicular septal defect

Luttle may be added to this ongmal description of Roger which 1s
all the more remarkable because his observations were unconfirmed by
po t mortem evidence uatil eleven years later The mesocardral murmur
occupying the whole of systole and occasionally profonged mfo diastole
15 of maxsmum tntensity 1n the third and fourth left spaces close to the
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sternum It may frequently be heard in the interscapular region In
about two thirds of the cases a thrill corresponds 1n site to the murmur
Some cases have been described as permanently cyanotic but these
are not cases of the true maladie de Roger where cyanosis 15 only a
transtent ph and never blished Cyanosis when 1t occurs
1s of the type of cyanose tardive and 15 due to a reversal of flow through
the defect under conditions of stress such as pulmonary nfection or
as a termunal event It would demand a defect of sufficient size to allow
an important shunt Expenments with a spirometer have failed to
induce cyanosts There 1s no shortness of breath on exertion Any
symptoms that are present are generally traceable to the strong func
tional element that pervades these subjects The very striking nature
of the physical signs may gne nse to misgivings on the part of the
physician  and 1nadequate appreciation of the lesion present may
result 1n the imposition of much unnecessary restriction of activity A
small defect may give rise to more marked signs than a large one
because conditions are favourable for the production of a murmur 1n
the small defect A large defect may give rise to nesther bruit nor thrill
RapioLoGIcaL PICTURE A globular heart silhouette has been
ly described as ct 1stic of the This picture 1s
rare and generally there 1s no alteration 1n the shape or size of the heart
shadow There may be some slight enlargement of the heart as a whole
with a tendency towards the assumption of a globular form in cases
where there 1s a large septal defect The pulmonary artery may be
shghtly dilated 1mparting a straight left border to the heart (fig 55)
Considerable enlargement of the pulmonary artery and 1ts branches
has occasionally been described but this 15 exceptional and may be
ascribed to structural changes in the pulmonary artery or to an
associated patent ductus arteriosus
Itts of course possible that a large shunt of blood from left to rght
through the defect may ultimately result m enlargement of the right

ventricle and pul y artery The 1 occurrence of arterio
sclerosis 1n the pulmonary artery may be evidence of this increased
strain upon the pul Y if A diography 1s of ittle

use to demonstrate an 1solated septal defect

ELECTROCARDIOGRAM The electrocardiogram 1s generally physio
logteal There may be changes n the axis deviation espectally to the
left (fig 56) A right axis occurred m a case of the author 1n which the
defect was at the apex of the septum Conduction defects may be
present with widening of the QRS or a prolonged PR interval These
are uncommon Complete heart block 1s discussed below

Course AND PROGNgSIS The condition may be entirely latent and
only discovered at school medical or Iife insurance examination The
subjects are exposed to the nisks of an infective endocarditis and
1 Abbott s (1931) series of fifty cases thirteen died of bacteral
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Typrcal case with 1 strasght left border

Fic 55
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endocarditts In Gelfman and Levine s {1942) series of autopsied cases
the ineidence of bacterial endocarditis was 23 per cent 1n patients of alt
ages and 57 per cent wn patients over two years of ape The mfective
process mav but does not 1uays mvohe the margins of the defect
Mutal thrombi may be present on the walf of the right ventricle where
the ahuorgmal shunt 1mpnaes opposite ta the defect The aortc and
tricusprd valves may be mvolved by direct spread Evceflent examples
afe those of Perry (1936} Falooner (1937) Expen and Abel (1941) and

16 56 The electrocardiogsam 1n 51X cases af the maladie de Rueet

Zeman (1945) the latter sn a case aged 61 The case of Alfen {19413 i»
interesting because the right aoruc cusp herniated through the defect
and fused with the antenior pulmonary cusp giving a preture of aorhic
incompetence and pulmonary stenosts Audibert {19333 thought that
the solated Interventncular septal defect was rarely involved n
bacteriat epdocarditys  Post mortem staustics have ther faffacies
particularly 1n 2 latent abnormality such as the maladie de Roger but
unquestionably bactertal endocarditis 18 a serous sk Gelfman and
Levine (1942) found the hughest ncid nce of bacterial endocardshs
with this detect The presence of congental beant Ylock does not
necessactly setiousty influence the prognosis in these cases
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Normally the maladie de Roger 1s quite compattble with a vigorous
and active life and should be no handicap 1n most employments No
treatment 1s required and no restrictions should be mmposed The
average age at death n Abbott s sertes was 14 years with an extreme
of 49 Wess s case Ined to the age of 79 Personal cases have been
under observation for eighteen years and show ro detertoration

DiaGNosts  Diagnosis depends upon the presence of the typical
phystcal signs of mesocardial systolic murmur and often a thril 1n a
patient with no symptoms Great difficulties may anse 1n early child
hood where 1t may be impossible to differentiate a patent ductus
arteriosus or even an auncular septal defect until the age of five or
six when more charactertstic physical signs may be evident A ductus
has the typrcal Gibson murmur by this age and the aurscular septal
defect a right axis 1 the electrocardiogram with a prominent conus
and pulmonary branches A functional murmur may be very loud but
1s so rarely heard in the back that audibility 1n the back 1s good
evidence of its organtcity Phonocardiographic methods may well
separate the organic from the functtonal brut Some help may be
gamned from X ray A diogtaphy 1s undoubted!:
useful but not without 1ts risks Lastly intracardiac catheteriztron will
demonstrate the presence of a left to right shunt It seems doubtful if
these two latter mvestigations have any serious place in the diagnosis
other than academic interest 1n a lesion that 1s so generally benign and

well tolerated
VENTRICULAR SEPTAL DEFECT ASSOCIATED WITH PULMONARY HYPER

TENSION The only reported case 1s that of Burchell es a/ (1948) The
physical signs were typical of the conventional veatricular septal
defect The electrocardiogram showed a right axis and the radiological
examination a slight enlargement of the heart with promimnent pul
monary conus and large hifar shadows [n effect the total picture was
indist le from the complex Id: 10n of this
particular case was established by catheter technique There was evi
dence of a large left to night shunt pulmonary hypertension and a
normal oxygen saturation remarning normal with exercise
ANEURYS OF THE VENTRICULAR SEPTUM Ancurysm of the sentricular
septum involves the membranous septum The direction of the aneurys
mal pouch vartes and consequently when viewed from the night
ventricle the sac may appear beneath the septal cusp of the tricusprd
valve if the direction 1s downwards or on the auricular margin of the
same cusp if diected upwards The aneurysm 1s 2 small sac shaped
structure with a circular mouth of about 1 em diameter 1t does not
howeser always conform to ths type for the leston described by
Guccione (1926) was funnel shaped The depth varies and 15 psually
from 1 to 2em Generally thereare other congenital anomalies prc'scr;]t(
sncluding displacement of the coronary arteries mdicative of shg
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trampostian Subdoctic steaasts was prusent in the case of Rae (1936)
In the two hearts of Lev and Saphur (1935) both dernved froms mongols
there was a Jane patent foramen ovale and fenestrations of the septunt
pmum  These same anthors state that since the first case was
described by Laennee 1n 18.6 about seyenty cases have been reported
A patent foramen ovale appears {o be frequent and 1n Merkel s {1869)
case there was a defect of the ventriutar sepium The aurnular gpium
was absent 15 the case of Zadoc hahn and Cousin (1929} Cafcifsanon
may occur 1n the aneurysmal sac

PaTOGENESS A ntimber of theories have bees advanued 1
explanation of the formaton of such an aneurysm Endocarditis was
offered as an explanation by Roktansky (1875) and by Merkel It
appears most hkely that the explanation 15 purely embryological and
15 the result of matformauen of the membravous septum owing to a
smalf degree of transposition of the aorta and fadure of the wnter
ventricular septum 10 move to the right  Anatomsal support to such a
hypothests has been addaved by Mall (1912) Eakin and Abbott (1933)
aad Bishop and Trubek (1936} and the displacement of the coronary
orifices 15 confirmatary ¥t 1s thus a detorsion defect Pressure o the
teft ventricle autipg upon the mualformation of the membranous
septum results mn aneurysm formation

There are no symptoms and the candition has neyver been recognized
tn bife

CONGENTAL HEART BLock This abnormality 15 frequently
described as bemn, assactated with defects of the nterventncular
septum Scaitered through the Iterature are a number of cases where
heart block in young childres has been accompanted by the signs of
thss detect The proximity of the bundle of His to the membranous
septum and the supposition that defects of the interventricular septum
mvolve the membranous septum has Jed o0 an easy and attractive
hypothesis that the Canse of congemtal heart block s due fo a defect
of the mterventncular <eptum If such a concept were troe then
congemtal heart block would be 2 common chinzeal findme for the
nterventricular septal defect either alone or combined with other
lessons 15 one of the most frequent of cardiac anomalies A review of
forty four awepted cases of congenital heart block by Yater Lyon and
McNabb (1933} showed that siuns of a septal defect were present m
tiventy seven and these were conficmed by autopsy in five As will be
shown later the site of the septal defect hay a very smportant wnfltence
m relation fo heart block It 1s an interesting observation that in the
cyanotic case whese the defect of the septum 13 of considerable magm
tud  heart block 18 very rare

Cases of cangenttal heart blovk should periaps be divided mto two
categortes Firstly those cases where the condstion has existed since
bisth and due solely to the direvt effects of the anatomical raltorma
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tion Secondly those cases of congenital heart discase which develop
block subsequent to birth from stratn or other pathological cause
Congemtal complete block has been described 1n z vartety of other
abnormalittes In Hoekenga s (1945) case there was a cor batriatum
trloculare with tricuspid and pulmonary atresia The ductus and
foramen ovale were patent Atrial and ventricular septal defects were
present 1n the case of Peel (1943) Dextrocardia accompanied the case
of Leys (1943) The case of Jaleski and Morrison (1943} had two
Pregnancies
The rudiments of the conductron system appear at about the fifth
week and at this time the auriculoventricular node may be rdentified
tn the wall of the lower posterior part of the common aurcle Co
mcidently dwiston of the atrral canal by fuston of the antertor and
posterior endocardial cushions takes place so that the aumculo-
ventricular onifices are formed Up to this tume there has been con
tiuity of the muscle fibres of the auricle and ventricle but this con
tinuity 3s practically destroyed by mngrowth of the connective tissue of
the atrial rning (annulus fibrosus) A few fibres situated postertotly
between the posterior endocardial cushions and the annulus fibrosus
escape and these fibres after further differentiation become the bundle
of His Monckeberg (1924) showed that in nearly all cases of septal
defect from the smallest down to complete absence of the ventricular
septum the bundle was conserved although ts position might be
abnormal Thus 1n a complete absence of the ventricular septum the
bundie may be found running along the tag of the rudtmentary septum
and even n the cor broculare 1t exists on the postertor wall of the
common ventricle and may be observed to divide into night and left
branches The work of Flack and Mall (1911) indicates that the inter
ventrscular septum 1s not formed by the growing up of the septum
but by hollowing out of the embryome muscle to form the ventricles
In their opinion the tip of the septum nferius represents the inner wall
of the primitave cardiac tube and thus the bundle persists at this point
This accords with the observed facts because 1n septal defects the
bundle 1s found streaming over the posterior part of the defect to reach
each ventricle
Abbott (1927) states that defects are most often found at the base of
the septum antertor to the membranous septum ‘The normal position
of the bundle 15 1n the posterior part of the membranous septum which
1t traverses to become the left branch If an isolated septal defect is
accepted as one of the most frequent of congenitafl cardiac abrormakities
it will readidy be apprecrated that as the defect 1s antenor to the
septum 1 t of the bundle 15 most unltkely !
Consideration of the above data suggests that the most \ulneml;‘c
portion of the developing bundle 1s that part of it which h;s l;:—dlmi
postenor part of the endocardial canal between the endoc
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cushtons This region of the ateral cunal 1s a key pomnt in the developing
heart for from the endocardial cushigns the autrculoventricular
onifices and cusps are derived and further the endocargsal cushions
play an 1mportant part 1n the formation of the auricular ventncular
and membranous septa Thus such lesions as a persistent pstum
poimum an absent aurtcular septum a common auticuloy entricular
ofifice or a bifoculate heart might bly be expected to be
accompanted by disturbances of conduction sf not actual block Like
wise the bundle might be mterrupted at this pormt by abnormal in
growth of the fibrous tissue of the annulus fibrosys 1 the ebsence of
any yross septal or other abnormality Concetvably the bundle might
be involved 1n an infective process Lastly o should not be overtooked
that tumours especrally lymphangiomata have been described as
causes of black

It 13 natural to inquire how far these )dias are supparted by the
observed facts It had been hefd by some with considerable Justification
that as the bundle 1s developed in advance of the septa defects of the
septa per se are unhkely to be the cause of heart block Monckeberg
(1924) states that even n the most complx and severe malformations
16 15 unusual for the conduction svstem to be 1nvolsed The bundle can
be identified 1 these cases although 1ts site may be abnormal He also
remarks that where a persistent foramen primum fs present the auriculo
ventricular node 18 displaced from 1ts usuaj posittion  but he never
observed a case in which block was present Mahaim (1931) considers
that the persistent ostwm primym places the bundle 1 an abnormal
postenior postian and thereby tnereases its Vulnerability owing 10 the
anamalous changes takmy place n the endocardul cushrons  Clinical
substantiation comes from the cases of Yater Leaman and Cornell
(1934} and Wallgren and Winblad (1937) where a persistenst ostium
primum was assoctated with complete block In both cases the actyal
cause of block was nterruphion of the bundle by mgrowth of fibrous
ussue from the atrtal ring

If the membranous septum 1y absent softte disturbance of 1ts near
relatrion the bundle might be expected Heart block was found in
absence of the membranous septum by Perotty (1928) Wilson and
Grant (1926} and Yater Yyon and McNabb (1933) Cases 1n which the
septa have been intact are those of Y ater (1929) McLellan (1935) and
Wallgren and Winblad (1937) In al) of these cases 1t 13 presumed that
the bundle was Intetrupted by fibrous tissue ingrowsh and mucrascopnal
evidence confirms this 1n Yater s and Watlgren and Winblad s cases

Signs of ventriular septal defect have been present in fifty one of the
nd 1 five of the twelve cases that have
m The defect has been large or com
plete 1n the cases of Moxon (1879) Wilson and Grant {1926y Abbott
and Moffatt (1930) Yater Lyen and MeNabb (1933)
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eart block can occur n other forms of congem

where the septum 1s mtact Thus tn the case of “g/agr;aalnh(eglti? ':;g::
was a patent ductus artertosus and no evidence of other lesion Syncapal
attacks occurred after exertton and an electrocardiogram showed
complete block with a rate of 39 In the intervals there was a normal
r}llythm Leech (1930) also reported a case of ductus with complete
black but the possibility of an interventricular septal defect was not
wholly excluded It seems possible that vanations 1n pressure on the
bundle or of tenston 1 the bundle may produce block Such changes
m pressure on the bundle were thought by Nissé (1928) to be the cause

IHEENES C LT

Fic 57 Congenttal heart block Female aged 4 Physi
cal signs of a ventricular septal defect

of alternating 2 1 and complete block 1n a congenital heart case with
an nterventricular septal defect Wilson and Grant (1926) showed the
bundle to be divided 1nto fine strands by the penetratton of fibrous trssue
macase of 2 1block and thought that these fine strands mught easily
be subjected to unusual pressure during failure Other cases such as
those of Smuth (1921) where block was absent on deep expiration
suggests that the heart being then more horizontal tension on the
bundle was decreased allowing the more ready passage of 1mpulbes
In all probability as Wadman suggests the occurrence of convulstve
setzures or eplleptiform attacks may possibly 1n some cases be due to
transtent episodes of block Sudden strams or alterations 1n pressure
relations on the bundle may cause block and if these strains are per
manent the congenital heart case may actually acquire block In the
case of auricular septal defect observed over a period of years 2 gradual
lengthening of the PR interval and a prolongation of the QRS 1s
sometumes observed

cognized as one of congenital

CLINICAL PICTURE Before a case 1s ref
heart block certamn critera enunciated by Yater should be satisfied
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These are a slow pulse at an early age signs of congenital heart disease
an absence of any history of infection especaally diphtheria rheumatism
or syphilis proof by graphic methods The occurrence of Stokes Adams
attacks at an early age 15 good evidence These are however rare A

o A A T A Pl
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FiGs 58 o and B Electrocardiograms of a case aged 12 with
of a septal defect and mental duficiency who developed heart bsllggli
1ntermittently during observation

slow pulse may be present but heart block 1 childhood may be

peculiar 1n that complete dissociation may evst with a comparatively

rapid rate The eatliest diagnoss of congemtal heart block was made

two weeks before birth in the case of Yater (1929) and Gerger and

Hines (1940) give a table of the reported cases of pre natal diagnosis
M
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There may be no symptoms directly attributable to the heart and
occurrence of cyanosis 1s rare The heart may not be enlarged The
physical signs are those of the maladie de Roger a mesocardial
systolic murmur and perhaps accompanying thnll Even if no murmur
1s present there may yet be a large septal defect The blood pressure 1s
often raised the average systolic level being 143 with an extreme of 190
1n the senies of Campbell and Suzman (1934)

ELECTROCARDIOGRAM All degrees of auriculoventricular dissociation
may be present either complete or partial (fig 57) The QRS 15
not widened Alternation between partial and complete block occurred
1n a personal case (fig 58) The rate may vary from 36 to 92 the latter
rate recorded 1n an infant by Nicholson Shilman and Green (1929)
In Campbell and Suzman s (1934) series the average rate of eight cases
was 50 and the average age of electrocardiographic examnation was
12 although a slow pulse was observed on the average at 3} years
Diphtherta as 1s well known 1s the commonest cause of complete heart
block 1n young children It does not often however persist Complete
heart block 1s m rh Ithough partial block 15
frequent and may last a considerable time Every effort should thus
be made to exclude these diseases The routine electrocardiogram of
200 cases of interventricular septal defect has not shown an example
of complete or partial heart block (unpublished personal sertes)

COURSE AND PRrOGNOSIS The prognosis appears to be that of the
congenital heart abnormality present rather than that of the actual
block Death may occur suddenly 1n a syncopal attack The average
age at death was 7 years with a maximum age of 29 (Abbott)




CHAPTER Xii

CYANOSIS

The earliest mention of cyanosis 1s by Paracelsus who referred to the
condition as icteritia ¢elestina seu cyanea  Luttle 15 then heard of
cyanosts untldl the eighteenth century when cyanosis began to be
explained on the basis of the anatomical changes found 1n abnormal
hearts Senac (1749) makes no mention whatsoever of cyanosis or
shunts although he was credited with these observations by Henri
Gintrac (1872) Morgagm (1761) reporung the case of a gl of 14

with a 1 p 'y stenosis d that venous stasis
mught be the cause of cvanosts the venous stasts bemng the result of
obstruction tn the pulmonary artery Sandifort (1777) states clearly
1 his description of a case now recognized as the tetralogy of Fallot

the artenal aorta was spnnging from both ventricles and had to
recerve all the blood from both They who recall to therr minds the
natural construction and work of the heart who compare the same with
the degeneration just described understand well what a change took
place 1n the circulation of the bloed what a change n the function of
the lungs Sandifort was thus very near the fundamental facts of
cyanosis Corvisart (1813) was firmly of the opinion that cyanosts 1n
many cases atose from unnatoral communicatons between the cavities
of the heart which allowed admixture of artenial and venous bloods

This however was not always so for in some cases communteations
eusted without cyanosts Lows (1826) admrtted the possibility of mix

ture  but thought the princspal factors involved were obstructive
lesions 1n the pat Ty tract I s that controversy
might exist Gintrac (1824) and Bowllaud (1831) ranged themselves on
the side of admuxture Stillé (1844) and Grisolle (1869) favoured venous
stasts and obstructive pulmonary tract lestons The discovery of a
difference 1 the blood gases as between arterial and verous blood by
Clande Bernard (1859) ushered 1n a period when cyanosts was thought

to be due to alterations m the gases and increased carbon droxide

content of the blood Polycythaemia in congenital heart disease was

first noted by hrehl (1888) The ¢lassic work of Lundsgaard and van

Slyke (1923) clarified all these 1ssues and emphasized the comparative

value of shunt and venous stasts as factors 1n cyanosis Taussig (1939)

recognized the essential fact that in those cases with a stagle veatricle

and dsminutive oullet chamber if the pulmonary astery amses from

the main chamber 1t 15 large and cyanosss 1s mimimal 1f on the other
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hand 1t anses from the diminutive chamber 1t 1s small and €yanosts 1s
intense  The factor of the volume of blood reaching the fungs for
oxygenation 1s thus of paramount importance and utilization of this
princtple 1s the basis of the operation now performed on the cyanotic
case (Blalock and Tausstg 1945)

Cyanosts 1s a blue colour of the skin and mucous membranes due to
the p of reduced } 1 1n the 1 blood It may
be the obvious D of heart disease and 1ts
Presence and degree of intensity to a large extent reflect the severty of
the underlying cardiac malformation Cyanosis 1s most easily observed
1 those areas where the capillaries are most numerous and 1s thus
first detectable 1n the mucous membranes of the mouth the hps cars
and finger tips

Normally 1n health the blood has an oxygen capacity of about
twenty volumes per cent that 1s to say the haemoglobin of the blood
can combine with 20 cc of oxygen It 1s usual to find that the arterial
blood 1s only 95 per cent saturated equualent to an actual oxygen
content of 19 volumes per cent An average reduction of haemoglobin
of about 5 volumes per cent leads to the venous blood contmming
about 14 volumes per cent oxygen These findings may be expressed
1n terms of oxygen unsaturatton and accordingly the unsaturation of
artersal blood 1s 1 volume per cent  and that of venous bleod 6 volumes
per cent The mean capillary unsaturation is normally about 35
volumes per cent and being calculated from the arithmettcal mean of
the arterial and venous unsaturation does not correspond exactly to
the average unsaturation of the blood in 1ts transit through the captl
lanies Lundsgaard and van Slyke (1923) found that cyanosis appears
when the capillary oxygen unsaturation 1s between 6 and 7 volumes
per cent As 1 cc oxygen combines with 0 75 gramme haemoglobin
1t would appear that the threshold of cyanosis corresponds to about
5 grams of reduced haemoglobin per 100 cc blood As normal blood
contans about 15 grams haemoglobin per 100 cc 1t means that at least
one third of the haemoglobin must be 1n a reduced state The occur
rence of cyanosis is thus dependent wpon the absolute amount of
reduced haemoglobin 1n the blood the amount of otygenated haemo
globin present bemg of httle importance If the haemoglobin content
of the blood 15 1ncreased as 1n polycythaemua cyanosts occirs more
readily for 1n these circumstances an identical percentage of un
saturation corresponds to a greater amount of reduced haemoglobin

Similarly where there 1s less than 5 grams of haemoglobin per 100 €¢
blood as in severe anaenmas 1t 15 practically impossible for cyanosis

to occur s
In congenttal heart disease apart from the chemical changes h
cussed above there are certan important factors deterrmned by l,f
anomaly present that result in the deselopment of cyanosts I tts mo:
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severe form trapsposition of the great vessels without an inter
ventricular septal defect cyanosts 15 not due to an nsufficiency of
blood reaching the lungs for oxygenatton but depends upon the
amount of oxygenated blood reaching the systemic circulation Only
a patent ductus artertosus (in which case the direction of flow 1s
reversed) or a ventricular septal defect will allow oxygenated blood to
reach the systemic circulation hence the larger the shunt through these
channels the less the cyanosis The greater number of cases of cyanosis

FIG 59 Orgm of cyanosis i congenital heart disease
A normal » aoruc atres:a © pulmonary atresiz
o Fallot

are due to an anatomical disposition or change 1n the vessels so that
an inadequate volume of blood reaches the lungs for aeration or pul

monary changes may be present which inhibit effective gaseous exchange
i the alveol To this may be added the effect of a venous artenal shunt

where the aorta hes astnde a ugh septal defect or anses wholly from
the night ventricle or 2 common ventricle (fig 59)

In the patent ductus arteriosus or ventricular septal defect cyanosis
may occur during severe pulmonary nfection in failure or as a
terminal event A reversal of the artertovenous shunt occurs so that it
becomes venous artertal Some have questioned the 1mportance of a
reversed shunt because dilatation of the skin capillaries and slowing of
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the peripheral urculation have been demonstrated 1n these circum
stances While the shunt may be adequate to produce cyanosts the
local factors at the periphery may be Important in enhancing 1t

Factors Productive of Cyanosis m Congemtal Heart Disease
The all important factor in the more severe ty pes of congenital heart
disease surviving infancy 1s the volume of blood reaching the lunys
for oxygemzation This factor 1s obviously of great importance m such
conditions as pulmonary stenosts or atresia with a high septal defect
{tetralogy of Fallot) 1n cases where the pulmonary artery arises from a
diminutive outlet chamber or 1 tricuspid atresia where there 15 often
pulmonary artery hypoplasia or atresia In some cases the amount of
blood reaching the lungs 15 adequate 1n the vegetative state of mfancy
but as the child develops and becomes active cyanosts appears and
becomes established In most cases cyanosts 1s immediately apparent
and may be extreme at an early age The significance of this factor has
been stressed by the results of the Blalock Tausstg operation the basis
of which 15 to create an artifictal ductus artertosus and so tncrease the
pulmonary circulation Even when this 15 successfully accomphshed
there must always be the factor of a venous artenial shunt directed
through a ventricular septal defect with an overniding aorta which can
never allow a normal oxygen saturation of the blood
In transposition of the vessels as mentioned above the lungs receive
a full supply of blood but there ts dufficulty in returning the oxygenated
blood to the systemic circulation In those cases where there 1s no
patent ductus arteriosus or septal defect the blood simply recirculates
to the lungs and the duration of hife 1s brief cyanosis raptdly becoming
extreme The presence of a patent ductus 1n which case flow i the
ductus 1s reversed from pulmonary artery 1o aorta or of a ventrcular
septal defect allows oxygenated blood to reach the artenial ciremt A
large interventricular septal defect 1s therefore a favourable circum
stance and hfe has been prol d thereby to a derable age A
stmilar situation prevails 1n those cases where the pulmonary vemns
enter the right auricle or vena cava instead of the left auncle with the
result that the oxygenated blood i 1 the pul y circutt
In some cases of the Ewsenmenger complex there appears fo be
difficulty 1n securing an adequate oxygenation of the blood despite an
ample or even 1ncreased blood supply It 1s probable that an racreased
pulmonary pressure 1n evidence of which there 1s 2 hilar dance may
cause changes in the alveolt sufficient to prevent adequate contact of
the blood with oxygen Mention must be made of certain contribustory
factors which operate 1n the lungs Pulmonary disease whether mfcctn;
o caused by pulmonary hypertension may lead to cyanosts A r;ducel
vital capacity lowers gaseous exchange Exercise by creasmg the oul
L tete heart may result i incomplete aeration of the blood and so
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cause cyanoss or Increase the cyanosis already present Polycythaemia
by packing the alveolar capiflaries may prevent adequate contact of 21l
of the blood with the alveolar membrane
A venous artersal shunt 1s of importance and 1s nearly always present
1n the cyanotic case It occurs 1n those cases where there 1s a large septal
Jefect with overriding aorta or where there 15 an absence of the inter
sventricular septum In effect a vanable volume of blood depending
upon the position of the aorta the nature of the defect and the cardiac
output 15 dwverted 1nto the systemic circulation instead of into the
pulmonary circulation This will cause cyanosis not only by mixture of
venous and artersal blood but also by leading to a less volume of blood
reaching the lungs for oxygenation through a narrowed pulmonary
tract The situation 15 well exemplified in the case of the single ventricle
with the diminutive outlet chamber A small pulmonary artery rising
from the dimmnutive chamber must necessanly result in cyanosis
because of an inadequate volume of blood reaching the fungs and such
blood 1s mixed blood because both auniculoventricular onfices enter
the large single ventricle Conversely a pulmonary artery which 1s
always large when 1t anses from the single ventricle and an aorta
ansing from the diminutive chamber does not lead to cyanosis until
such time as other factors as an increased pulmonary pressure have
produced their effects It has been calculated that 25 per cent or more
of the circulating blood must be shunted to cause recognizable cyanosts
Mention may be made of those factors which further contnibute to
the of cyanosts Pernp 1 stasts i the allows an
mncreased utilization of oxygen and so causes an increased amount of
reduced haemoglobin Further stasis in the capillaries implies dilatation
of lg)le capillaties which tends to make the distended capillaries more
visible
Cyanosis in congenital heart disease 1s always manifest before
clubbing of the fingers Clubbing 15 very rare n the first two years of
Wife and 1s never present at birth It 1s proportional to the degree of
cyanosts present Its eatltest sign 1s thickening of the nail beds and
gradually the nails and finger tips come to take on their charactenstic
drumstick appearance It 1s a cursous observation that clubbing first
appears 1n the index finger and thumb as also the changes 1n the un
related condiuion of kotlonychia (Lovsbond 1938) Clubbing becomes
extreme 1n long standing cases of cyanosis and may occasionally be
associated with the changes 1n bone charactenstic of the hypertrophic
pulmonary osteoarthropathy of Pierre Marie (1890) Curously enough
secondary hypertrophic osteoarthropathy 1s apparently rare 1n con
genital heart disease Locke (1915) 1n fus review of 144 cases of hyper
trophic osteoarthropathy ascuibed only two to congenstal heart disease
In addition there are the cases of Shaw and Cooper (1907) and Means
and Brown (1947) In thus latter case a man of 26 blue from birth
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there was regresston of the signs of bone discase after an anastomotic
operdtion

Lowibond states that the earliest change 1 clubbrng 1s the deselop
ment of a firm transverse ridge distal to the last 1terphalangeal joint
the skin being smooth and shiny and of a lac hue The base of the
nail gradvally becomes raised and with 1t there 1s obliteratron of the basal
angle of the nail and finger At the same time 1ncreased curvature of the
nal 1 both directions gradually develops Finally the tips of the fingers

Fi6 60 Clubbing of the fingers 1n congemita! heart disease

ome broadened and ble a drumstick in ap {fig 60)
’lﬁ; g:xusl;s of clubbing are related to a state of chromc passive cong::
tion of the capillaries of the natl bed a site where capillanies :secg
ueplarly abundant and readily visible with the capilfary ml:lc»e[o’;:
Oedema of the tissues between the nail bed and the bone ‘hm(her tope.
The acvompanying anotaemia and capillary dilatation  toge!
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the slaw cieculation nereased local deovygenation and accumi
of metabolites all tend ta praduce clubbing

The eye changes are important There may be shght exophth
Th conjunctivae are swifused and congested 2nd there may be
haemorrhages in a few cases The retina has a darker shade than
and the vessels are difated and increased m number In sever
the appearance of the vessels at therr emergence from the opl
1s so charactersstic that one might speak of retinal clubbmg

Pathologicaf effects of Cyanoss

Porycyruanya The body gradnally develops a remarkable
ance to oxygen uasaturation This is achteved by a compet
polycythaemta which yrasses the oxyeen carrying capacity of the
and enables an adequate circulation within s desprte ansl
fandicaps The stimutus to erythropotesis is 2noxaema T
cell count 1n the normal person Is stated bv Wintrobe and
(1929) to be 5800000 In cyanotic congemtal heart disease
counts of seven and eight mikon are ysual and the count ma;
as high as twehie muithon A tugh and rising count 15 of seriou
nostic C dently with the d pumber
cells the h. 1 15 d and the ¥ 1t fevel
The polycythaeqma of congemtal heart disease 15 dntinguishe
that ot Oster s disease by absence of enlargement of the spieen

Anoxaemia 15 not necessarily proportional to the seveaty of ¢3
and can be very severe in infants before the development of any
cvanosis ar polycythaemia  Aunoxzemta s always accompar
dyspnoea Dyspnoea with aggravatton of cyanosis may occur v
shghtest exertion or 1t may occur In paroxysmal attacks provc
crying feeding of even Spontancously Such attacks are more &
i mfants than 1n older children The attacks are spectacular ;
child goes black  as 1t struggles for breath Convulsive moy
may occur and occastomally consctousness ts lost The nature
attack may lead to confusion with the convulsne serzures of €
and equally the epileptec fit 1n childhood 1s often mustaken for
attack The combined effects of anoxaema and polycythaem
responstble for angina pectonss in the ease of Blackford (1930)

Polycyth has 1ts d and danger:

Polycy nd dangers
15 & tendency to thrombosts 1n cerebral vessels and in other ve

the body Cerebral thrombotie attacks are accompanied by con
and often a hemiplegia which may be permanent (Perry 1942

and Lipscomb 1932) A further effect of increased viscosity
blood 1s peripheral stasis and capillary dilatatron and hence c
deoxygenation Paching of the alveolar capillaves wih Blow
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ere was re|
s gresston of the signs of bone disease after an anastomotic
Lovtbond states that the e
arltest change n clubbing 15 the develo

:);lzntktl)f:li’ﬁrm transverse ridge distal to the last mtcrph:xlangeal;omT
naxlsr 1:1 eing smooth and shiny and of a Ilac hue The base of the
na lg .’lr uha[ly becomes raised and with 1t there 13 obliteration of the basal
naﬁ e ob! e nail and finger At the same time increased curvature of the

i both directions gradually develops Finally the tips of the fingers

Fiu 60 Clubb ng of the fingers 1n congenital heart disease

become broadened and resemble a4 drumstick tn appeatance (he 60)
The causes of clubbing are related 10 a state of chronic passive congs
tion of the capillaries of the nail bed a site where capillanes are paf
ticularly abundant and readily visible with the capillary mucroscope
Qedera of the fisstes between the nail bed and the bone thet develops
The accompanyng anoxaenma and capdlary drlatation toeether with
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contemplated as a means of rehef of the more urgent symptoms The
full detatls of diagnosis are discussed under the appropriate lesions
and anly principles are discussed here

The X ray screemng which can be conducted in the out patent
department 15 of the greatest importance and attention should be
directed particularly to the pulmonary artery and conus Absence of
the notmal pulmonary conus a concavity at the site of the pulmonary
arc a small pulmonary artery and diminished or absent Infar pulsation
and abnormally clear tung fields all suggest that the fundamental
difficulty 1sa d hed pulmonary )t The X ray ph ph
n antero-posterior and left anterior oblique views may be ve
helpful The peppered vascular shadows and wschaemie lung fields are
qite distinctive of an mad y 4 C A
a large pulmonary artery actively pulsating a full pulmonary conus
and evidence of congestron 1n the lung fields all imply an adequate or
mcreased pulmonary crrculation and that the cause of cyanosis must
be sought elsewhere

The fulter syestigation of a case 15 best carried out with the patient
admitted 1o hospital Tt 1s wetl 1o have a definite plan of events spread
over a few days The oxygen saturation of the blood 15 estimated from
2 sample of blood withdrawn from the femoral artery Even in the
presence of the anatomical changes of the tetralogy an oxygen satura
tion of 75 per cent suggests the inadvisabslity of an operation which
will only rase saturation a httle over 80 per cent The effects of pro
fonged nhalation of otygen may also be studied By this means 1t
may be posuble to greatly modify or even cause the disappearance of
cyanosis but the level of oxygen saturatton so induced never reaches a
normal figure If there 1s 4 shunt from the venous stde of the heart as
in those anomalies with a deviroposed aorta the amount of oxygen
unsaturabion asinfluenced by the volume of the venous shunt can never
be rendered normal by oxygen admunsstratton It 15 thus possthle by
companson of figures obtained before and after oxygen admumstration
to assess the relative importance of the pulmonary factor (influenced by
ovygen inhalatton) and the venous shunt not so influenced

The aisculation may also be measured by vanous methods i order
to ascertam or confirm the presence of a venous shunt The crreulation
time tends to be reduced 1n anomaltes with a dextroposed aorta

Lastly there are those methods which 1nvolve intracardiac cathetensa
tion These should properly be reserved for the more complex cases
which defy the usual methods of dwgnosis Similar constderations
apply to angiocardiography a difficult technical performance and not
10 be upghtly undertaken because 1t carries some risks Angiocardio-
graphy has made 1ts most important contrtbution to cardology 1n the
study of the cyanotic case It demonstrates the permeabihity of the
pulmonary tract and the presence of pulmonary arteres




CHAPTER XIII

PULMONARY STENOSIS AND ATRESI\

The cases 1n this group naturally fall tnto four main types dependent
upon the presence or 1bsence of a defect of the interventricular septum
Cases with pulmonary stenosts or atresta with a defect of the nter
ventricular septum are usually considered fogether as the tetralogy of
Fallot With the exception of a few cases of valvular pulmonary stenosts
with a closed ventricular septum the group as a whole 1s the result of
abnormality 1n the volution of the bulbus cordis This structure
plays a prominent role 1n the early development of the heart and
complex abnormalities result when its involution 1s disturbed The
bulbus cordis 1s a dominant and permanent structure in the hearts of
the lower vertebrates It exists as a separate chamber 1n the teleost and
elasmobranch fishes and in some reptiles In the mammalia the bulbus
1s mcorporated fnto the right ventricle where 1t forms the conus or
mfundibulum It serves to protect the pulmonary arterioles and capil
laties against nses 1n blood pressure promoted by eXercise 1nd mcreased
activity of the heart (kerth 1909) It 1s stated that the musculature of
the mfundibulum 15 activated later than that of the sinus of the ri ht
ventricle

PATHOGENESIS The work of Keith (1909) has largely elucidated the
problems connected with the fate of the bulbus cordis 1n the human
heart It 1s a transitory structure which disappears 1n the left ventricle
and 1s mainly ncorporated into the night ventnicle to form the in
fundibulum Its persistence 1n the left ventricle leads to subaortic
stenosts The bulbus also contributes to the development of the upper
part of the septum (bulbar septum) and to the aortic and pulmonary
valves Abnormahties 1n 1ts tnvolution are also closely connected with
the problems of transposition of the great vessels Upon the degree of
expansion or mcorporation of the bulbus cordis depend a gradatton
of cardiac defects rangmg from diviston of the right ventricle mnto
two chambers down to plete pul y atresta To quote Keith
a very large number of deformed hearts are the result of an arrest
1n that process which ends 1n incorporation of the bulbus in the right

ventricle

To this process must be added the effects of torsion As the anumal
scale 15 ascended there 1s 2 transition from the purely gill breathing
types to the lung breathing types with the result that the pulmonél’z
portion of the cardiac tube becomes at least as tmportant as

174
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systenme part Two systems thus develop side by side separated by
septa In the early stages of deselopment when the septa are beginmng
to fotm this pocess of torwon oceurs Examination of the normat
beart witl show that if the aorta and puhmonary arlery are 10 assume
thete corsect posttions relattve to their respective ventrcles a torsion
or rotation of about 150 1s necessary Evidence of this rotation ss
found in the clockwise course of the pulmonary arfery about the
aorta Where no rotaton has owcurred or where there has been
detorsion there ts a change in ths relauonship and varying degrees
of transposttron of the vessels results The most extreme degree of such
transposition 35 found 1 transposstion of the vessels with a closed
ventrscalar septum  where the aorta anses from the night ventocle and
the prlmonary artery from the left The least depree of torston with
the shightest dextroposition of the aorta smay be found mn congenstat
aneurysm of the mterventricular septum This conception of tossion
15 of great mportance because it serves as a basts of any explanation
of certam severe cardiac defects

Spitzer s (1923) theorv secks to establish a phylogenetic refattonship
bets een the human and the repthian heart In the normal humanm
heart he recogmses the site of the closed reptihan right aorta by a
nsche m the right ventricle situated between the cuista supraventnicu
fans and the infundibular cusp of the tricuspid vahe At an early
stage the reptihian right aorta 1s closed by the clockwise rotation of the
Wulboventnicular end of the prnutive cardiac tube If for amy reason
this does not occur there 1s an apparent detorsion in a counter clock
wise dsrevhion which brings the parts out of position and results 1
reopeming, of the reptihan nght aorta with closure of the feft If the
degree of detorsion 1s smal} these two aortae may fusc and give nse to
a single larger than norteat dextroposed aorta Such a theory fits 1n
with the observed facts In the tetralogy of Fallot there 15 a large
dextroposed dosta and wath singular frequency a bicuspid pulmonary
vahve homologous with that found 1n the reptile There has been some
enticism of Spitzer s theory notably by Lev and Saphir (1927) who
adrmut that 1t 1s vald anatomically but disagree with the mode of is
accomphshment (Chapter XVII) They believe that an abnormahty
n the butboaurieular spur area prevents absorption of the bulbus into
the left ventricle thereby defaulting the normal clockwise rotation
about this pont As 2 consequance the unfixed lower end of the bulbus
rotates 1 4 counter clockwise direction and this leads to a mare ar
less paraltel posttion of the aorta and pulmonary artery mstead of the
habitual spirat twisting Further there s tmperfect unton or no unton
at all between the lower end of the aorticopulmonary septum and the
ventricutar septum resulung in ventrivulac septal defect

Delayed mvolution ot the bulbus cordis results 1 conus or infra
vatvalar stenosis of the pulmonary artery The foramen betw een the
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conus and the sinus of the right ventricle 1s the lower bulbar onfice
or ostium nfundtbult of Keith The crista supraventriculars marks
the liie of dwiston which separates the bulbus cordss from the common
ventricle m the fourth and fifth weeks and n cases where there has
been persistence of the bulbus cordts the crista 1s a promtnent strocture
In conirast to 1ts usual mstyntficance 1n the normal nght ventricle
There 1s often a small interveptncalar septal defect opening nto the
sinus of the right ventricle but 1t 1 nat uncommon for this to be
absent Some degree of dextroposition may also be present

Fiu 62 Conws stenosis of the pulmonary artery
{After Lavbry)

In cases where there 1s an arrest of the developmental expansion of
the s the infundibulum 15 foreshortened and exists as a
small fusiform cavity with tckened walls In abour half the cases
there 1s aiso {uston of the pulmonary cusps The tning of the conus 1s
of thickened endocardium of a pecultar ground glass appearance
attnibuted by keith to embryonie fibrocellular tissue  An nter
ventricular septal defect may be present

Where the arrest of expanston has been complete there 15 pulmonary
atresta The anifice of the pulmonary artery i1s represented by a mere
depresston or a mass of scar tissue The first part of the pulmonacy
artery may be an tmpermeable fibrous cord This expands into the tho
main branches of the pulmonary artery which are often tmn walled
and hypoplastic The left ventricle 15 small and aplastic and the
apriles dilated and hypertrophied A defect of the nteraunicular
septum 18 frequently present The dextroposed aorta anses whof's o
partrally from the night ventrile The ductus arteriosus may be widely
patent and there may be anomalous vessels or hypertrophied bronchial
arterics assuning a blood supply to the lungs Such cases come under
the general category of the tetralogy of Faflot In cases where there 15
no defect of the interventricular septum the night ventncle is aplasie
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the aotta larper than normat the ductes artesiosus patent and agam
there 15 a collateral pulmonary cuculation developed from bronchsal
and other arenes

The purely vaboular type of pulionary stenosis has been stated to
be the result of a foetal svolving the pul ry cusps
after the septa have closed Thns Jeads to their fusion and deformuty
which may be 50 severe as to amount 1o atresis Abbott {1927} states
that practiratly all cases of valvafar pulmonary stenosh wath closed

Fir 63 Pulmonary atresia in a child aged 7§ years The aonta anses

wholly from the right ventsd which 1 hyperisophied The pulmanary

arery nreduced to  fhrous cord The srculanon was carned on through
hypertrophied bron hial arienes

septa anse by this means Gross (1941} suggests that the accumulated
evidence throws doubt upon the existence of a foetal endocarditis ©f
as yet unknown ctiofogy In his view it 15 probable that abnormahtses
of this vahular type arise from arrest of development of or closure of
arteries suppiving the valie resulting m infarcts and subsequent
fibrosts Microscopteal examination of valves reveals only moderate
fibrosis and none of the sigmats of the wflammatory diseases The
Taston of the pulmonary cusps inta a cupola of symmetnical proportions
observed 1w some cases of valvalar stenosis 15 quite uplike an eflam
matoty scarmng process Further the arrangement of the cusps 1
altered so that in pure pulmonary stenous there are one anterior and
two posterior cusps The presence of other anomalies either cardize
or somatic = tn favour of a developmentat ongin Kesth (1909) has
drawn attention 1o the trequency with which valvalar and imfundibular
stenosts are assocrated

Pulmonary atresia may be w a fev cases the result of 1nfla mmatory
myocardial changes leading to hbtoss in the conus and occurrng
after the »epta have closed In some cases syphibis has been suggested

as the cause of myocarditis 1n this situation but the evidence 15 not at
ail convineing
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, IPULMONAKY STENOSIS WITit CLOSED VENTRICULAR SEpiUM
ulmonary stenosts with a closed ventricular se;

ptum s statistically
rater than the tetralogy of Fallot Clinical experience does not alto
gether support this view of ranty In Abbott s [ 000 cases there were
twenty five with an intact ventricular septum and sixteen of these hada
patent foramen ovale Currens ef g/ (1945) have added a further eleven
cases five with a patent foramen ovale To these may be added the
single cases of Blackford and Parker (1941) Garnison and Feldt (1942)

Fic 64 Isolated pulmonary stenosis Pulmonary valve viewed from
above The cusps are fused 1nto a diaphragm

Kinney and White (1945) Freed and Budnitz (1946) and Auerbach
and Harper (1947)

CLASSIFICATION AND TYPES There are several varieties of pulmonary
stenosts and these are classified according to the site of the lesion

(1) Vahalar Stenosts In this condstion the cusps are often abnormally
arranged there bewng one anterior and two posterior (fig 64) The
pulmonary cusps are fused and thickened so as to form a diaphragm
with a central opening of varying dimenstons This diaphragm may
resemble a funnel or dome projecting nto the pulmonary artery with
an aperture at its peak a very good example being figured by Peacock
(1866) Above the stenosis the pulmonary artery 1s generally dlated
The right venteicle and conus are hypertrophied and often dilated In
a number of cases the brunt of the stenoss falls upon the pulmonary
annulus which 15 contracted and fibrosed Accompanywng this there

may be scarning of the pulmonary cusps The foramen ovale 15 fre
quently patent either primanly or in response to raised pressure

the night stde of the heart
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These gases tre stated to be rire but this opinton probably requires
Teviston Cardiac cathetents wion and ingsowardonraphy wil) probably
result 1 the more frequent recogntion of this anomaly

Q) Cartus Stenosis {Infrasaliular Stenosts Stenosus at the Lover
Bulbar Orgpeeey In this lesion first differentiated by heth {19093 but
Lnown to Peacok (1866) the conus of the right ventricle 15 dilated
and forms a separate chamber or caviy communuating above with
the difated but othetwise nortual pulmonary astery Below it com
municates with the sinus of the nght ventrice by a Jower butbar ontfice
or osttum tofundibult This differentiatton 1ato tha cavities 15 effected
by 2 band of muscular tissue encsrehing the wall of the ventinle andis
0 fact the enista supr. 1 1t fepresents p e af the
bulbus Varioua degrees of conus stenosis may eust Ia many cases an
nterventicelar septal defect s associated and opens beneath the
ostrunt infundsbubi 1to the sinus of the nght ventricle The ostium s
Taed with fibrous tssue and together with the wall of the cavity may
become the seat of infecitve endocardiis Examples of conus stenosts are
hgused by hesth {3909 and Laubry (1930)(Ag 62)and Konwaler (1944}
Excellent examples with snfective endowarditts are those of Bedford
ansd Bros 0 (19373 {hg 65 and Dryerre and Walmstey {1939} Lakin wnd
Abbott {1933) have reported two cases in the first of which there wasno
defect of the intenventnienlor septum bat anturysmual bulging of the
upper part of the septum and slight destroposstion of the aorta In therr
second case agan deverd of an intenvertnuular septal defeet imtettive
endocarditis invalved the lower bufbar onfice and pulmonary cusps
{51 2 rarer type of conus stenoss the intundipulum 18 attophied and the
wonus tonsists of a short narrow passage

1 both valvular and conu stenoss the pulmonary artery may be
dilated distal to the stenoss the dilatation extending, as far as the bifur
cation of beyond The ceason for such diatation i not clzar bt st may
depend upon a hypoplasic condition of the artery wall Ligature of the
prlmanary artery wm anmals « stated to fead to diatation dutal to the
figatute and the mucroscopic vhanses of dimuntion of the medis fn
somg cases the dilatalton appeats to he dynanic and oaly recognisable
by rgdiotozical examnation dasing kfe It 1s absent at autopsy

Ax unusual fype of putmonary sienost has heen reported by Alien
{1941) In a case with a defert of the intesventnicular septum the base
of the rioht aortic cudp was fused to the antertor pulmonary cusp the
aortic cup being eventrated through the septat defect into the nght
ventricle to cause a pulmonary stenpsts Thes pecukar steucture L 4 the
seat of a bacteral endocardits

Cunicar PIcTLpe Cyanoss 18 usually ondy slight and late mn onset

often not appearing untd earfy adult fife and m some case as late as

the fourth decade It depends upon permeability of the foramen ovale

and wpon the degree of putmonary obstruchon ¥ thes latter is of a
»
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severe nature cy inosts may then be early 1nd there my be little on
chnical grounds to distinguish the case from the more common tetralogy
of Fallot In a few cases cyanosis may never appear despite obvious
physical signs of pulmonary stenosis Once established 1t 15 slowly
progressive and may become extreme with failure The cyanosis
results from several causes the more important being a dimtnished
blood supply to the lungs a night to left shunt through an auncular
septal defect and pulmonary arteriolar disease and changes m the

FiG 65 Stenosis of conus artenosus of nght ventricle bulow pul

monary cusps with makgnant endocardiis at sie of stenosis

Pulmonary artery much dilated beyond stenosis aorta shightly
constricted at isthmus

ungs nterfering with oxygenation Clubbing of the fingers ts pro
vortional to the cyanosis Exertion which increases oxygen consump-
ton and emphastses cyanosts may be the basis of a simple chmcal
est 1n 2 doubtful case

The principal symptoms are dyspnoea on exeriton an
attacks of dyspnoea accompamed by cyanosis may
attacks may develop years before the appearance of permanen!

d paroxysmal
occur Such
t climeal
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cyanosts Epsstasis 15 ot uncommon Incipackty 1S never so great s
1 pulmonary stanasts with & seatriculir septal defect (Fallot) except
1 the rather rare cases of severe valvular stepasts amounting (o atresia
with a grossly dumnsshed pulmonary blood flow and a closed ventricutac
septumt When Failure 1 present cyanosts becomes marked and dyspooea
2 promsent symptom  Frilure tends 1o be progressine and not vesy
amenable 1o treatment Squatting 1s only observed m the very severe
cases

The physical signs are a harsh systolic musmur and accompanying
systolic thrsll i the second feft interspace close to the steraum The
murmur is generatly harsher and londer than that keard n the tetralogy
and 15 conducted towards the left clavicle and often into the left de
of the neck  Occastonally both thatl and murmur may be maximal 1
the second night interspace and n a noa cyanolic case be confused
with aorse stenosts Often the systolic murmur 13 audible over the
enuce praccordizm and may be heard a1 the angle of the left scaputa
Tts Joudnass 15 due to the nearness of the vessel ta the stethoscope The
pulmonary secand sound 1s rarely normal but 5s reduced i mtensity
or frequently absent When ¢ with the t
1t 15 often difficult to understand that the puimonary second sound
has been heard at all Perhaps 1n some cases the aorue seeond sound
15 transmuited 10 the pulmenary area and rewforces a dimnished
pulmonary second sound There may be dullness in the upper left
intercostal spaces corresponding to a diated pulmonacy artery In
conus stenasts the murmur s placed lower and 15 systolic iy time Its
magtmum miensity 1s 1 the fourth night space close to the sternum
(hekr 1509}

RaDOLOGY The heart 15 normal 1n size ot only shightly hypertrophied
{fig 66) When failureas presentthe heart tsgrossly entarged Hypectrophy
v olves the nght ventnicle and the apex of the heart may be bluat and
turaed up EVIDG a coeur en sabot uithouette The nght border of the
heart may be formed by the hypertrophied right ventricte which pushes
the night auncle backwards so that only its appendage contrbutes to
the upper part of the silhouette This may be recogmzed by the syn
chronous pulsation of both borders of the heart The paimonary artery
18 thost often difated and may be a prosusent feature of the Joft cardiac
border Dulatation and hyperirophy of the conus may produce sumdar
changes on the left border (Usomoto 1925)

ELECIROCARDIOGRAM The electrocardiogram usually shows g night
axs deviation often to the extent of that seen in the tetratogy of Fatlot
In the case of Wood (1932} where pulmonary stenosis was combined
with a large auticular septal defect there was a left axis the only
example so far reported A normat avus has been observed by Currens
kanney and Wiate (1945) and others 5o that &t appears that 2 normal
aus does nat entwely preclude a dugnosss of isolated palmonary
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stenosts A high peaked P wave 1s commion 1n lead 2 and the T wave
m leads 2 and 3 may be inverted Conductton abnormalities are not
uncommon and right bundle branch block has been described by
Blackford and Parker (1941) and others Intraventricular block occurred
n the case of Auerbach and Harper (1947)

COURSE AND PROGNOSIS This naturally depends upon the severity
of the stenotic lesion and 1ts effects upon the pulmonary blood flow
In shght or moderate degrees of stenosts the patient 1s often 1 good

116 66 Pulmonary stenosis with closed ventricular
septum Female aged 28 Three pregnancies well
tolerated and offspring normal

health and able to engage 1n ordinary employment and pleasure until
the second or third decades Cyanosis and dyspnoea may then become
troublesome together with a greatly reduced physical capactty
Disability 1s only severe 1n those cases where the stenosts 1s of high
degree and the climcal picture may then resemble that of the tetralogy
of Fallot Death results from nfective endocarditis cardiac failure ot
pulmonary tuberculosis Personat cases have died of phthists (2) and
mafignant hypertension In Abbott s (1931) series the average age af
death was 20 6 years with an extreme of 57 years

This abnormality mught well be one of the conditions tor which
surgery may be benefictal in prolonging life An operative attempt (0
sever a constricted valve was made by Doyen (1913) but faled owing
to the presence of subvalvular stenosis The Blalock Taussig procedure
should be considered as applicable to severe and prouressive cases
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with much disability Valvulotomy has been successfully performed by
Holmes Seffors (1948 and Brock (1948)

Diachosis The principal physical sign 1s a harsh systolie mutmur
with accompanying systohe 1hrll 1n the second left interspace clase to
the sternum Its loudness the thrll and the conduction of the murmur
10 the left clavicle and the left carotid artery belp in its differentiation
from an innocent pulmonary systohc murmur The X ray picture
shows a dilated pulmonary conus and attery The dilatation does not
always extend to the branches and if 1t does 1t 1s never to the degree
of that found in the Eisenmenger complex or auncular septal defect
The usually prominent pulmonary border 1s mn contrast to the concave
puimonary arc of the tetralogy The auncular septal defect 1s further
disunguished by 1ts large heart and enlarged pulmonary branches
Al d may be 1 d ating a valvular or
conus stenosts but 1t 1s not always reliable A permeable pulmonary
trunk must be present if valvulotomy is to be performed The electro
cardiogram almost always displays a nght axis and conduction
defects are not nearly so common as in the auricular septal defect
In a doubtful case a normal cireulation time wifl favour a closed
ventricular septum  although the method is not infallible Tento even
teen seconds from arm to tongue may be taken as a normal figure this
tending to be shortened 1 conditions with a nght to left shunt such
s the tetralogy The most positive method of confirmation of 1solated
pulmonary stesoss 1s by cathetenzation Pressure will be found to be
lower 1n the pulmonary artery than 1n the night ventricle

Gouley (1937) has shown that stenosis of the pulmonary artery may
be among the effects of an adhesive pericarditis and has confirmed this
by autopsy control Thickened adherent peficardium surrounds the
pulmonary artery leading to a notable dimunitron 1n (ts calibre The
recognition of these cases depends upon a history of rheumatism
evidence of rheumatic valvular disease and signs of an adherent
pencardiam A toud banging puimonary second sound 1s commonly
present Radiological exammation shows an enlarged heart and no
ditation of the pulmonary artety although the conus may be expanded
Ayerza s disease has occastonally caused difficulty but 1t 1s recogmzed
by 1ts history serology and the very marked cyanosis

PULMONARY STENOSIS OR ATRESIA WITH DEFECT OF THE
INTERVENTRICULAR SEPTUNM THE TETRALOGY OF FALLOT

This 15 a well defined enuty 1n congenital heart disease of the
cyanotic type Essentually st consists of stenosis hypoplasia or atresia
of the pulmonary artery of developmental type together with an
interventricular septal defect dextroposition of the aorta and hyper
trophy of the right ventricle
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HistoricAL  This combination of fesions was first reported
figured by Sandifort 1n 1777 Bennett s (1946) admirable transk
of this work shoutd be consulted Sandifort s figures clearly sho'
aorta 4eising from both ventricles and the clinical observations com
very favourably with present day knowledge Farre (1814) was
pressed by the frequency of pulmonary stenoms nferventricular s
defect and overniding aorta Corvisart (1815) describes a case wi
right aortic areh The condition was first diagnosed during life by F
(1839) Much mformation relative to the earlier cases raay be {foun
the pages of Peacock (1866) Peacock Wwas well famuliar with
frequency of this combination of defects and figures a case wil
right aortic arch He considered the usual 1nteryentricular septal de
to be the homologue of the foramen between the aortic ventricle
the turtle He also preceded Spitzer in hus belief that the sinus
infundibular parts of the human right ventricle corresponded to
nght systemic and pulmonary venincles of the turtle Fallat (18
made no new contribution to the anatomy of the abnormality
emphagized the frequency with which this combation of defi
occurred and the name tetralogy arose from the four constar
present anatontical defects He made 1t clear that the lesjon might
recogmsed on clinrcal grounds and stated  Untd gow cfimicians he
considered the precise diagnosts of anatomical lesions of the mork
caeruleys an almost insurmountable difficulty On the contra
we see from our observations that cyanosts especially m the adult
the result of a small number of cardiac malformations well determunec
Perhaps here we have some shight justfication for the eponymo
destgnation of the tetralogy of Fallot Fallot s analysis of repory
congemral cvanotic cases and tus own showed that 74 per cent we
examples of the tetralogy He asserted that 2 phystcian confronted w1
2 congenttal cyanotic case mught justifiably diagnose the tetralogy
would be 1dle to miention all the tases reported since that ime b
mention may be made of the fundamental work of Abbott (1927} |
recent times the operation devised by Blalock and Taussig (1945) wil
its possibility of surgical rehief of cyanosis has aroused great interes
and made accurate diagnosis of paramount 1mportance
AnatoMy While 1t 15 true to say that the essential features of th
tetralogy are those defined above these features may vary within wid
limuts from case to case The varables are the degree of pulmonar,
stenosis or atresta the situation of the aorta s @ us the defect of th
interventricular septum  and alterattons 1n the course of the aotia
[he situation of the mnterventricular septal defect may also sary
and 1t may open most often tto the sinus of the nght ventrcle and
occasionally mito the conus of the right ventnele In the form ‘;1;;
the defect 18 beneath the non coronary and nght coronary cusps

VRN
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15 more antersor and beneath the tight coronary cusp with the chordae
of the nfundrbular cusp of the tricuspid vahe attached 1o its free
margin The defect stself in either case ss vanable m size crescentic
w shape and has a smooth fleshy margiy its concavity being directed
upnards (fig 67) This contrasts with the leston found 1 the maladse de
Rozer where the defect 15 cirenlar and nnged with fibrous tssue The
ensta supraventniculans 15 usually a strnking feature and 15 a_hyper
rophied mass of tissue intersening between the conus and septal defect

F16 67 Fallot s tetratogy (o) Lefs ventricle opened showing defect of
wntum (b Raght ventocte apened showing hypoplasna of palmonary
ariery 2nd farge sonta

and helps to divert blood ffom the nght (o the feft ventncle Most often
the conus of the nght ventricle 13 small and hypoplastic with a sht
ltke cavity In those cases whese the ventticular septal defect opens into
the comus the cavity 1 lacge and thick walled so that this may cause an
alteration 1 the radiograph and 1s thus a feature of mportance The
aora ts dextroposed and Abbott {1923) has pointed out that n cases
where there 15 a dextroposition of the aorta the membranous septum
hies between the basss of the noncoronary and lelt coronary cusps
The non coronary cusp 15 1hus 1 frant of the membranous septum
wmstead of in ats normat pasition behind In spite of 1ts apparent change
 povition 1t still bears its normal relationship to the night auricle and
ventricle A needle passed through the antertor portion pierces the
septal cusp of the tricuspid valve and passed thfough the posterior
porion it reaches the night auricle above the attachment of the septal
cusp This of a normat rek hip shows that the change
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of position 1s entirely of the aorta
are rotated n a cIocl)\,mse direction In devteopostion the aort cus
ASSOCIATED ABNORMALITIES An important and stnking assoctated
abnormality 1s a right aortic arch which occurs 1n at least 20 per cent
of cases Corvisart (1815) was the first to describe this association with
congenital heart disease of cyanotic type Peacock (1856) figured and
described this anomaly Of recent years additional examples have been
presented by Assmann (1924) Bedford (1929) and Lian and Marchal

FiG 68 The tetralogy of Fallot 1 a woman ated 23 who died of pul

monary artents The interventricolar septal defect opened snto the conus

of the pulmonary artery The pulmonary artery was bicuspid and
vegetations are seen distal to the pulmonary cusps

(1937) Bedford and Patkinson (1936) emphasized its frequency 1n
reporting four additional cases The surgical experience of Taussiy, and
Blalock stresses 1ts frequency and 1t appears that between 20 and 25 per
cent of cases of the tetralogy have a night aortic arch Its presence or
absence determines the site of the incision at operation and 1t 1s there
fore 1mportant that 1t should be recogmized

The foramen ovale may or may not be patent The earlier observers
attributed cyanoss to patency of the foramen despite the refutation of
Fallot Although an interauricular septal defect may appear to prolong
Life 1 such conditions as the Lutembacher syndrome Abbott s (1931)
statistics indicate that an open or closed foramen ovale hs no matersal

infiuence on the duration of life
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Exceptionally mflammatory changes may be found in the pulmonary
cusps which become thickened and deformed In Halpert and Tennant s
(1934) case there was a healed pulmonary valvulitis and a diffuse
myocarditis of the right ventnicle The case of Campbell and Coulthard
{1524 has probably been wrongly atinbuted to an nflammatory
process

Tn regard to the pulmonary artery The degree of stenosts 1s highly
vaniable and may be from a siight narrowing down to complete atresia
The pulmonary artery 1s thin walled and may have the appearance of
vem It may be reduced to afibrous cord(fig 63)and inthesecircumstances
a pulmanary blood flow 1s maintatned by a patent ductus arteriosus or
by a collateral circulation developed through bronchial and other
arteries or both The site of stenosts may be valvular or sub valvular
The practical 1ssue 15 that 1n most cases the infundibulum 1s narrowed
a5 well as the pulmonary vessel itself The infundibulum becomes
natrow canal [ of Laubry) O \l}
the main site of stenosts 15 at the lower bulbar orifice The pulmonary
creulation 1s mamntained at a very limtted level through these narrow
but often permeable routes In cases of extreme stenosts or complete
atres1a the ductus artertosus remains patent to assure a pulmonary
eirculation This 15 a point of practical importance because the spon
taneous closure of the ductus at any age may lead to the death of the
subject Patency of the ductus can often be recognized chinscally and
imphies pulmonary atresta Such a ductus should never be higatured

Collaters} Circulation to the Lungs
The 1mportance of a collateral circulation to the lungs m severe
cases of the tetralogy and in pulmonary atresia ts now well recogntzed
Chnisteller {1916) stressed the role not only of the bronchial artertes
but also of collaterals nising from the medtastinal oesophageal
ternal mammary pertcardial and other arteries such as the subclavian
and even the coronary artenies Collaterals most commonly atse from
the bronchial and mediastinal arteries These vessels are enlarged and
may be sufficiently large as to distort the banum filled oesophagus or
cause notching ot the under surface of 2 b
The existence of bronchial artenies has been known from the earliest
vmes Ruysch (1696) poinied out that they were separate from but
unastomosed with the pulmonary artery system and his illustrations
are possibly the first that were ever published of these structures It 1s
clear that they were known before his time even if thetr ongin and
distribution had not been accurately delineated In severe pulmonary
stenosis and atresta the bronchial artenes are greatly hypertrophied
and the branches may be as large as the parent trunk Pre capllary
between hial and pul y arteries has been
observed near the hilum by Hales and Liebow (1948) and has been
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experimentally produced sn dogs by higation of the pulmonary artery
as in the work of Mathes Holman and Rerchert (1932) Similar
anastomoses have also been observed 1n situations more remote from
the hulum 1 bronchsectasis It must be realised that the bronchial
artertes are under a high systemic pressure and this combimed with the
largeness of therr branches allows a considerable yolume of blood to
pass through an anastomotic channel Severe pulmonary stenosis
furnishes a stimulus to the development of a bronchial artery circula
tion and the frequently observed thrombosis 1n the smaller branches
of the pulmonary artery embarrassing an already embarrassed pul
monary circulation acts 1n the same way

The general anatomy of the bronchial artertes and therr functions
has been teviewed by Cauldwell er al (1948) These vessels most often
anse etther 1nd dently or in mul from a stem
Usually there are two right and one left arteries but there may be one
[eft and one right or two arteries or more to each side The nght
bronchial artenes usually anise in common with an 1ortic intercostal
artery usually the first right aortic mntercostal occasionally the second
or thurd The left bronchial artertes generally spring from the anterior
aspect of the aorta or from the concavity of the arch and rarely m
assocration with an ntercostal artery Somettmes right and Ieft vessels
and particularly the mfertor bronchsal vessels may anse from a com
mon trunk but this 1s unusual Bronchial arteries may also anse from
the subclavian vessels Ther distnbution 1s to the bronchi the mid
portion of the oesophagus pencardium and they anastomose with
neighbouring vessels

The efficacy of a collateral circulation 15 well demonstrated by the
cases of Finlay (1930} Fast and Barnard (1938) and Vol and Flaxman
(1938) In rare cases mediastinal and oesophageal vessels may also
participate m this collateral circulation In Christeller s (1917) well
known case a large upper oesophageal artery arose just below the
third left intercostal artery and supplied both lungs Cases where there
1s an adeguate collateral circulation may survive 1nto ruddle adult
lfe or later Two cases of East and Barnard survised to 30 and 20
years Vose (1856) case to 37 years Herzog s (1919) case was remark
able in that the collateral circulation was provided by union of a branch
of the night inferior thyroid with the nternal mammary and broncfual
arteries to form a rich vascular plexus

CircutATiON The peneral effects of pulmonary stenosts off the
circulation are discussed elsewhere [n pulmonary atresta the presence
of a defect of the mterventricular septum teads to prolong ife ""'
affording relief to the nght side of the heart always provided ihas
there 1s some accessory pulmonary circulation prossded by « d""‘t‘)’c
arteriosus of bronchtal arteries or both In the tetralogy there mﬂg o
a definite handicap because the size of the defect and the positto!
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the aorta 1n relation to the defect straddline both ventricles facilitates
a large venous arterial shunt This shunt 1s proportional to the degree
of obstruction 1n the pulmonary artery and the output of the heart

PHYSIOLOGICAL AND PATHOLOGICAt RISULTS OF THE
ANATOMICAL DEFECTS

Cyanosss exists from nfancy and increases with age 1t may not be
very evident until several months after birth Cyanosis in the tetralogy
1s due to the combined effects of a venous artertal shunt into a dextro
posed aorta and most important of all as emphasized by the work of
Taussig and Blalock (1925) upon the amount of blood reaching the
Tungs for oxygenation It 15 evident that both these factors will be
influenced by the degree of pulmonary stenosts and marked from birth
In dtresia Secondary factors are increased deoxygenation 1n the capil
lanies increased viscosity of the blood and polycythaemia of tself
leads to changes 1n the lunas that nhubut effective contact of capillary
blood with oxygen 1n the alveol

The combined effects of shunt and pulmonary obstruction lead to
night veatricular hypertrophy The circutation time as measured by
decholin 15 usually reduced because 1 certain amount of the substance
¢escapes the pulmonary circulation and 1s shunted into the dextroposed
aorta Normally about 10-12 secands times as bnief as four seconds
have been noted by Brumiik (1937) and McGuire and Goldman (1937)
Such reduced times will not be so marked when stenosss 15 of lesser
deeree and 1t must not be forpotten that in the absence of pulmonary
stenosts as 1n the Fisenmenger complex a similar shght shortenmg of
arculaton time may be present Modern methods of intracardiac
catheterization allow precise imvestigation of the dynamics of the heart
tnthese cases and permit a precise estimation of the volume of a venous
artersal shunt and of the total volume of blood reaching the lungs for
aeration The reader s referred for details of this highly technical
work to the reports of Bing ef al (1947)

CUASSIFICATION OF CASES
In the hight of the above constderations 1t 1s possible to divide cases
of the tetralogy on a chinical basis 1to the following categones
(1) Cases with pulmonary stenosts allowing a suffcient pulmonary
blood supply to maintain hfe The ductus 1s closed
(2) Cases with functional or anatomical pulmonary
ductus remains patent and a coll il it
through bronchial and other vessels
(3) Cases with extreme dextroposition of the aorta so that the aorta
anses almost wholly from the nght ventricle

atresta  The
S H




1%0 CONGENITAL HEART DISEASE

(4) Cases with a right aortic arch but with the same general char

acters as the above groups
() Bizarre forms accompanted by transposition of the vessels or
by dextrocardia

CLINICAL PIcTURE Cyanosis appears early and once established 1s
progresstve It vartes from case to case and may be present from birth
i about one third of the cases or makes its appearance i later mfancy
or early chuldhood when the child becomes more active Cyanosis may
appear for the first tume durtng some intercurrent iliness of it may be
detected during a routine examination often undertaken because the
child has failed to develop at a normal rate In a personal case of the
tetralogy established cyanosis was never present during Iife and the
presence of the typical lesion was established at autopsy at the age of
29 Similar cases have been reported by Galliard and Cawadias (1908)
and by Fleury (1937) Such cases are very ¢xceptional In general 1t
may be said that the transition from the vegetative state of mfancv to
the fuller activities of early childhood may make cyanosis appear for
the first ttme or become obvious to the observer Cyanosts naturally
depends upon the severity of the leston and 1s intensified by exertion
or emotion It ts most marked in the mucous membranes and ex
tremtres It may be paroxysmal without apparent cause A sudden
ncrease tn Cyanosis and detertoration of the patient may mark the
spontaneous closure of a hitherto patent ductus artertosus As cvanosts
develops clubbing appears and 1s proportional to the degree of
cyanosts It 1s rare to find clubbing before the age of two but once
established 1t may rapidly become extreme If anaemia 15 present
clubbing may be absent or late in appearance

Symptoms are numerous and are mainly referable to the cyanosts
Many cases are without dyspnoea 4t test but the least exertion may
provoke extreme bl with fi n of cyanosis
Dyspnoea appears to be proportional to the sevenity of the anatomical
defect and 1ts degree may mould the whole of the patient s hfe Some
cases can play but never with the vigour and abandon exhibited by
their fellows In others mere change of posture provokes mtense
dyspnoea and for them Ife 1s a case of existing rather than Iving
Helen Taussig observes that the child with the tetralogy when ex
hausted by exertion assumes a squatting position_and believes that
such a posture 1s an 1mportant dtagnostic point Exertion may also
precipitate attacks of dyspnoea of suffocating intensity and stmitiar
attacks may arise unexpectedly without apparent cause The essential
features of What the patient may term an attack are increasing dys
pnoea terminating in asphyxia when the patient goes black and 105;5
consciousness Convulsive movements of the fimbs occur anded( ©
attack may have a fatal termination Some observers have nf:; lha:t‘
stmilanty to Stokes Adams seizures and Nobecourt (1925) showe
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complete heart block was present with a pulse rate of 64 1n 2 child of
10 months dunng an attack Relatiely few of these attacks have a
simiar etiology Indubitably true epilepsy occurs in some of the cases
Abbott {1927) considers that these attachs are due to the combined
effects of anoxaemia and polycythaemia which might cause small
areas of capillary thrombosis 1n the brain Analogous changes may
be found in the brain 1n Vaquez s disease There are also the head
aches and vertiginous ittacks followed by convulsive movements and
leaving tesidual hemiplegias which herald the onset of cerebral theam
botic incidents or of the embolic d of infective end d
Dextroposition of the aorta favours the occurrence of paradoxical
embolism and many cases have presented a closing chinical picture of
cerebral abscess

Polycythaemia as an effort to increase the oxygen-carrying capacity
of the blood soon develops in the severe case In the tetralogy the red
cell count may average exght or nine milion The count may rise as
high as twelve million and a2 high nsing count corresponds with
deterioration in the pattent s condition and may be an smportant
indication for early operation In the present state of knowledge 1t 15
unwise to attach too much sigmficance to an 1solated count Poly
cythaemta leads to congestive changes 1n the viscera a tendency that
1s reflected 1n the occurrence of epistaxis haemoptysis and even
haematemests Haemorrhages may be temporanly benchaal but are
a sign of the gravity of the case The blood pressure tends to be low
Orthostatic albuminuria 1s frequent In Blackford s (1930) case there
was angtna of effort at the age of 14 This was considered to be due to
agoxaemla Angina similarly occurs 1 polycythaemia vera (Kahn
1826)

Squatting which has been discussed on a previous page occurs n
about 75 per cent of the younger patients and to some extent reflects
the degree of anoxagmia present In older subjects the habit may
become camouflaged by a pretence of tietng a hoe lace No explana
tion 1s as yet forthcoming as to the mechamsm of relief by this
manoeuvre

Enlargement of the heart 15 exceptional and when present involves
only the right ventricle A systolic thrill may be present but not so fre
quently as 1n 1solated pulmonary stenosis If present 1t 15 maximum
tn the pulmonary area but it may be felt diffusely over the praecordium
Rarely a diastolic shock is palpable at the base A continuous thrll
may be present 1f there 15 a patent ductus arteriosus but 15 an excep-
tional observation The auscultatory findings are not pathognomonic
A systolic murmur 15 present 1n 1t least 90 per cent of cases and 15
most pronounced wn the second and third left interspaces It may be
audible over the entire praccordium and ts transmtted towards the
left clavicle and into the vessels of the neck It may also be heard at the
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angle of the left scapula Conduction of the murmur mto the neck ha
been urged by Laubry and Pezzi (1921) and others 1s 1 caprtal poln
in the diagnosts of the fetralogy and as a point of distinction from the
murmut of 1solated pulmonary stenosts but this 1dea 15 not tenable
Conduction 1nto the neck Is due to dextropositron of the aorta and
should be compared with the relatively rare fransmission of the murmur
n the 1solated ventricular septal defect Rarely the murmur 15 entirely
absent this bemng likely 1n pulmonary atresia or whete a Jarge septal
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TIG 69 The electrocardiogram in five cases of the tetralogy
of Fal!

defect 15 unfavourable for the production of any rmurmur The contrast
between the murmurs of the 1solated components of the tetralogy and
their combination 1s striking because the murmurs of the combined
defects are much less promiment In the tetralogy hypoplasia of the
pulmonary artery anatomically consists of a Iong tube of parro#
calibre rather than the sudden constriction and then widening of a
pure pulmonary stenosis which latter 15 50 favourable for the produc
tion of a bruit Bard (1921) was of the opimon that the large septal

dufect was the principal factor causing the dimunttion in the intensity
of the murmur A large defect allows blood to pass along a new route
with lowenmg of pressure 1n the nght ventricle and hence a lower
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re of blood entering the hypoplastic pulmonary artery A din
murmur may occastonlly be heard and 1s due either to coinct
ortic incompetence from a large aorta or to 1 patent ductus A
wous murmuyr betohens a patent ductus artertosus
s often stated that the pulmonary second sound 1s reduced or
in the tetralozy This 15 not the case for the second sound 1s
Uy audible and 15 at least as loud as the aortic second sound and
ny cases louder If the pulmonary second sound 1s reduplicated
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Fic 70 Tetralogy of Fallot Female aged 6 years Marked
Tight axis with 2 to 1 block

2gests the presence of two functioping vessels A loud second sound
he night of the sternum may occur when there 1s considerable
Toposition or a night aortic arch
LECTROCARDIOGRAM Right axis deviation of moderate or marked
‘ee 1s found 1n every case of the tetralogy (fig 69) unless complicated
dextrocardia or gross conduction defect Thus the finding of
Tal or left axis deviation 1n a cyanotic case 1n the absence of these
iplications should exclude a diagnosis of the tetralogy While the
it extreme degrees of night axis deviation are found in the tetralogy
ventricular complexes are not Invarably abnormally tall The
aves are often high and painted especially 1n leed 2 Condnction
=Cts occur as in other cases with interventricular septal defects
mung and Stephenson s (1928) case showed complete heart block
70) Bundle branch block and left axis deviation was present in the
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f‘aes; tt)f C_zl:Io (1937){The T waves may be tnereased 1n amphtude and a
ative T wave of right ventnicular hypertrophy was present 1n lead
21n Segall s (1933) 1nd other cases P
RapioLoGY There has been considerable drvergence of opinion
regard to the radiological picture only clarified by increasing chintcal
experience Laubry and Pezzi (1921) stated that there was but ltile
difference 1n the picture of pulmonary stenosis whether the septum was
open or closed Laubry (1930) later thought that prominence of the

A
Fic 71 The tetralogy of Fallot with right sided aortic arch

left middle arc was less frequent in the tetralogy than in 1solated
pulmonary stenosis Assmann (1928) noted a concavity at the site of
the pulmonary arc and figured three cases with autopsy control
Bedford (1929) stated that the characteristic radiological picture was
that of an aorta projecting abnormally to the right with a notable
concavity at the site normally occupted by the pulmonary arc the heart
silhouette being of the coeur en sabot type Blackford (1930) like
wise commented upen this concavity Papp (1931) considercd the
to be Ity radiol | and based upon the signs of
Assmann and Bedford
1t might be d that a Top I abnormality hving
hypoplasta of the pulmonary conus and astery would be accompanted
by a concavity or at Jeast an absence of the prominence caused
hese structures Ths ts 1n accord with the observed facts
e of concavity is purhaps 1 part determined by the
structive fesion The only exception (0

normally by tl
and the degre
severity of the pulmonary ob:
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such a statement 1s that occastonally the conus is sufficrently hyper
trophied to form a bulge on the left cardiac border slightly lower than
that of the pulmonary artery (Usomoto 1925} A simular case has been
figured by Bedford (1929) 1In the case of White and Boyes (1932) a
dilated actively pulsating pulmonary artery was observed during Iife
and a diagnosts of patent ductus artertosus with infective endocardtes
was considered Autopsy revealed a typreal example of the tetralogy
with pulmonary arterttis which latter had lead to dilatation of the
abnormal vessel If all these various potnts are taken wto constderation
1t 1s understandable that some natural confuston may have ansen
regard to a completely charactenistic picture of the tetralogy

The heart 1s most often normal fn size or even smaller than normal
and gross enlargement mulitates strongly agamst a diagnosis of the
tetralogy It may be shightly enlarged to the left from right ventnicular
hypertrophy aad then assume a silkovette with a blunt apex shghtly
raised above the diaphragm the coeur ent sabot This prcture occurs
1 but half of the cases A right sided aorta 1s present in about a quarter
of the cases and 1ts recognition may be of constderable surgical
smportance (fig 71)

The nmuddle arc of the left cardiac border shows varyin degrees of
concavity this being most likely to be marked in pulmonary atresta
or in high degrees of stenosts (figs 72 and 73) In some cases the left
border may be almost strarght and in an occastonal case there may
even be slight convexity of the pulmonary arc In the left anterior
oblique position there 15 a large pulmonary window and hypertrophy
of the night ventricle 1s obvious m comparison with the left In the
nght oblique view the concavity of the pulmonary arc becomes
obvious

The conditon of the lung roots 1s of the utmost importance
Fluorescopy shows diminshed or absent pulsation In an occastonal
case 11 15 possble to demonstrate more pulsation on the left side than
on the nght due to the presence of a patent ductus artertosus Like
wise 1 a few cases a well developed collateral circulation may give
ntar appearances that are aimost normal in regard to size but close
scrutiny shows the shadows of a nodular appearance vanable according
10 the of the 1 A peppered app 15 rather

of this Corresponding to the d m
the pulmonary blood flow there 1s an increased translucency of the
lung fields a potnt of major importance Pulmonary congestion excludes
the tetralogy There may be indentation of the barium filled oesophagus
by the vessels of a collateral circulation

While 1t 1s possible 1 the large majority of cases to arnve at a
correct diagnosts by these conventional methods 1t may be necessary
1o resort to angiocardiography 1n a proportion of cases This special
method will give added nformation about the blood vessels that may

o
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Fic 72 Pulmonary atresiz Child aged 5 Pulmonary trunk
a fibrous cord The patient died after a Pott s operation
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be used for an1stomotic procedures The pulmoniry irtery c1n nearly
always be seen except in atresia but there 1s del vy 1n its filling dependent
upon the seventy of its stenosis A shunt from might to Left filts the
dextroposed aorta at two seconds The relatrve densities of the aorta
and pulmonary artery shadows 1s a clue to the magnitude of this shunt
and the seventy of the stenosis The pcrsxs(:nt transtucency of the lung
fields 15 the best 1nd! of a defectinve p y crrculation The
radiokymographic examination may also be valuable

CourRsE AND PROGNOSIS Many cases die 1n infancy particularly
lhosc with pulmonary alresm where closure of the ductus before the
circulation may precipitate
death There1s a runher peak of mortality at puberty Subsequent to
this the numbers gradually diminish so that but few attatn early adult
Iife and fewer sull reach a greater age

Bactertal endocarditis may claim a certain number of vicims but
1ts meidence 1s not high compared with other groups The sites espect
ally involved are the conus of the pulmonary artery or the artery self
A personal case showed the pulmonary artery to be filled with vege
tattons distal to the pulmonary cusps and a similar case 1s that of
White and Boyes (1932) The dextroposed aon.l favours p:xmdoxlcal
embolism and death from post op of a
artery has been recorded Cerebral abscess has been the closmg clmlcal
picture 1n many cases the earliest being that of Farre (1814) Peacock
thought that most congenital cyanotics died of some cerebral incident
Abbott Lewis and Beattie (1923) collected eight cases and added one
of thewr own Heart block 1s rare but occurred in the case of Nobecourt
(1925) and Fleming and Stephenson (1928) Campbell and Susman
(1934) refer to Moxon s case of pulmonary atresta where there was a
pulse rate of 25 during life The ranty of heart block n the cyanotic
case where the interventricular septal defect 1s unusually large has been
a matter for Pulmonary t 1l 15 not
despite frequent statements to the contrary Death may occur in an
asphywal attack or from intercurrent disease The average age at death
where there 15 pulmonary artery hypoplasia 1s 12 years When pul
monary atresia 1s present life 15 generally short ned and the average
age at death 1s S However the cases of East and Barnard (1938) lived
t0 20 33 and 30 years A few cases survive to later adult hfe the most
remarkable bemng that of White and Sprague a noted musictan who
attained the age of 59 Bremlik s (1937) case survived to the age of 62

Dragrosts The tetralogy has to be distinguished from other types
of congenital heart disease accompanied by cyanosis For practical
purpases 1t 1s possible to exclude those cases where cyanosis develops
late or as a termunal event as in the mterauricular septal defect the

1solated patent ductus arteriosus of mterventricular septal defect
Certain other cases tend to be naturally excluded 1n the younger age
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groups for the very complex pnmitive defects usually result 1n death
before the age of three Unquestionably 1n the cyanotic congemtal
heart c1se surviving beyond the age of 3 the tetralogy 1s numerically
preponderant but this does not preclude the necessity for accurate
diagnosts 1f surgery 1s to be undertaken It has been stated that as high
as 7 per cent of cyanolic cases surviving infancy are cases of the
tetralogy

As a preliminary step the radiological examination 1s of the utmost
importance because an enlarged pulmonary arc increased roat
shadows hilar pulsation and pulmonary congestion at once dismiss
the tetralogy and imply a constderable pulmonary circulation Thus
the Exsenmenger complex where a normal or dilated pulmonary artery
replaces the hypoplasic vessel of the tetralogy 1s at once excluded

Transposition of the vessels may give some diagnostic difficulty Most
cases die 1n early infancy but survival may be prolonged in those cases
where there 1s an associated 1nterventricular septal defect Cyanosts may
be severe The physical signs are not distinctive The heart shadow has
a globular contour and serial radiograms over a period of time show
progresstve enlargement of the heart with congestion 1n the lung fields
The position of the aorta and pulmonary attery are the reverse of
normal the aorta being anterior This presents a narrow vascular
pedicle 1 the posternior antertor view and the posttion of the vessels
relative 1o each other can be recogmzed in the obligue view

Tricuspid atresia presents a heart with a markedly concave pul
monary arc The most distinctive feature in diagnosis 15 that almost
alone cases of cy I heart disease there ts a left
aws 1n the electrocardiogram

Cor biatnatum triloculare may include some cases of tricuspid
atresta and 1t 15 Tare for cases to survive into later childhood Apart
from marked cyanosis the physical signs are not conspicuous There
may be a systolic murmur but this 1s often 1n default and absence of
a bruit might well be a pointer to some abnormafity more complex and
prinntive than the tetralogy It has been stated that large biphasic
ventricular complexes 1n all leads of the electrocardiogram are frequent
1 this general category of cases The heart 15 often entarged and has
not the contour of the Fallot

A persistent truncus arteriosus 15 usnally accompanied by but slight
cvanosts The cyanosis present depends upon the adequacy of the
pulmonary branches arising from the aorta Physical signs are con
spicuous there beng generally a coarse systolic thall and loud systolic
brut Hilar pulsation may be present ot absent and the electrocardio-
gram commonly shows only a shight night axis orevena left a)rus .

1t may happen that n a few rare cascs there may be pulmon: ;y{
ctenosis with a ventricular septal defect but without de(trgpcséfl'ozn
the sorta Such cases are cyanotic and may Iive to a considerable




PULMONARY STENOSIS AND ATRESIA 199

There 15 no certain method of 1dentifying these cases and the X ray
picture may well le that of the ] Such a cond may
be encountered at operation and 1t has been possible to enlarge the
aperture 1n the stenosed area of the pulmonary artery

It 1s emph d that the radiol 1 picture of the tetralogy 1s
generally quite charactenistic and rarely leaves any doubt about a case
In the few doubtful cases accessory methods of examnation such as
cardiac catheterization and angiocardiography may be necessary

SURGERY A new era in the treatment of congenital heart disease has
opened with the introduction of a surgical treatment of the patent
ductus arteriosus coarctation and pulmonary stenosts and atresia
Few will doubt the wisdom of operation on the ductus 1n the young
subject some may well question the validity of surgical intervention m
coarctation none can doubt that any possible surgical ameliorative
procedure 15 a necessary step 1n the management of the severe cyanotic
case Such surgicatl treatment 15 all that 1s available to these unfortunate
sufferers who may exist rather than live and 1t should be considered 1n
every cyanotic case Accurate diagnosis 1s therefore essential and no
method should be omitted in order that this may be achteved The
surgery of cyanouic congenital heart disease affords a good example of
purely physiological surgery designed to improve function 1n contrast
to extirpative surgery which ts concerned with the actual removal of
diseased tissues ang structures

It must not be thought that all forms of cyanotic congenttal heart
disease are suitable subjects for some type of ameliorative operation
and so far the surgery of the cyanouc case can only be constdered 1n
relation to those abnormalities 1n which an 1nadequate volume of blood
reaches the lungs for aeration Nor must 1t be considered that surgical
operation 1s a cure of the abnormality for however markedly the
cyanosts disappears there still remain the abnormalities of anatomical
structure now with the additional factor of an artsficially created
ductus arteriosus prone to those complications to which a ductus 1s
liable There 15 however to day the added protection of pentcillin and
other antibiotics

There are two possible surgical operations In the Blalock Taussig
(1945) operation an anastomosts 1s made of the end of the subclavian
carotid or inpominate artery with the side of the pulmonary artery
In the Potts Smith (1945) operation a direct side to side anystomosis
1s made between the pulmonary artery and aorta Both operations have
thewr particular menits In the former procedure 1t 15 advantegeous to
use a subclavian vessel rather than the mnomunate although in very
young subjects the latter may have to be used Mortality 1s less when
the subclavian 1s employed The Potts Stuth operation allows the
operator to choose the size of the aorto pulmonary fistula that he
creates Both operations succeed in thewr intent to furmish a more
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adequate blood volume to the pulmonary eirculatron This 1s not the
place to discuss 1ctual surgical technique” and for details the reader 1s
referred to the onginal papers Suffice 1t to say that in the Blalock
Taussig operation the 1ncision 1s made n the third Lft space on the
side oppostte to that on which the aorta descends Despite the extreme
cyanosts of the patient the operation involving the temporary shutting
off of the circulation to one lung 1s remarkably well tolerated The
Blalock Taussig operation 1s attended by an overall mortality of about
14 per cent Holmes Sellors (1948) and Brock (1948) have performed
operations to divide an obstructing pulmonary valve in some cases of
severe pulmonary stenosts Brock has further operated on infravalvular
stenosis with success

Barrett and Daley (1949) have described a further method of
increasing the blood supply to the lungs applicable to those cases
where valvulotomy or anastomotic operattons are impracticable ot
madvisable Their operation aims at the production of vascular pleural
adhesions and with this 1n view the pleural cavity 1s opened and the
parietal pleura 15 removed from the upper mediastinum upper half of
the chest and dome of the pleura Asbestos powder 1s then dusted on
to the raw surfaces and the chest closed This operation 15 performed
first on one side and at a later date on the other In another type of
operation a pulmonary omentopexy has been done Such procedures
have resulted 1n 1mproved exercise toferance diminution in cyanosis
and other clinical improvements The arterial oxygen saturation has
been mcereased 1n several of the operated cases

Effects of Operation 1t should not be supposed that the operation
15 a complete cure of the condition for the anomalous structural
changes still remain with the addition of an arufictal ductus arteriosus
The 1mmedtate effects of operation are a great clinical tmprovement 1n
the patient There 1s a marked decrease mn polycythaemia with an
increased oxygen saturation of the artertal blood This latter never
reaches the normal level of 96 per cent because of the overnding aorta
but figures from 70 to 85 per cent are attamed Thus chufdren who
could only walk a few yards and then with great distress may walk
for miles after the operation

Blalock (1947) has operated upon 474 patients Wwith eighty six deaths
from all causes including errors in diagnoss The table gives his
results accordmg to the vessel employed to make the anastomosts In
not one of the cases where the subclavian was used has there been any
difficulty with the circulation in the arm Neither has the use of the
innomunate artery with its impleed ligature of a common carotd been
as permanently prejudicial to the cerebral circulation as might "‘;’“
been anticipated Blalock states that weakness or paralysis of the con ;‘;J
lateral side of the body has disappeared or largely cleated u’;;;:mm
cases that survived operation and cerebraf lestons due to 1l
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have been very rare This 1s 1n contrast with the permanent hemiplegias
that occur spontaneously 1 the cyanotic case The creation of an
artificial ductus arteriosus has not so far resulted i the penls of
mfective endocarditis cardiac hypertrophy or premature cardiac
falure Penscillin and other antibiotics have so matenally improved
the of bacteral end d| that the nisk may be almost
neghaible Lastly the thought must occur as to whether there 1s so far
any sub: d that the opemng will grow and
keep pace with the growth of the tndividual There must be considerable
scarring arourd the anastomosts and this might well be prejudicial to
the contmuance of an adequate shunt In this connection 1t may be
recalled that regression of the solated interventricular septal defect
may perhaps be due to contraction of its fibrous margins so sealing 1t
off The recent work of Campbell and Susman (1947) relatne to
coarctation and the development of a collateral circulation suggests
that the actual size of coarctation does not increase in diameter at the
same rate as the rest of the aorta 1f at all so that relatively the degree
of stenosis 35 & s the aona increases until the age when full phystcal
development has been completed If this concept 1s true then the arty
ficial ductus created by operation may not be adequate at a later age
The cotrect answers (o alt these questions will only be available when
time has elapsed and a long series of operated cases can be assessed
It can be said of the Potts Smith (1946) operation that the surgeon can
choose the size of the anastomotic opening that he thinks fit and there
is no possible danger to the cerebral circulation The disadvantage 1s
that too large an anastomotic opening might result 1n cardiac hyper
trophy and dilatation and early death Potts and Gibson (1948) state
that there has been some enlargement of the heart 1n every case owing
to the extra work created in the artsficial ductus  This becomes stable 1n
a month or two and although they are fearful m a few cases (three)
no heart failure has appeared

They have operated on forty five pauients with four deaths a
mortality of 8 8 per cent

Selection of Cases for Surgery The diagnosis of the tetralogy or of
some congemital abnormality involving a deficient blood supply to the
lungs must be reasonably certain The best time for surgery 1s between
the ages of five and ten years but the operation may be done below the
age of five 1n cases where necessity anises owing to marked detentoration
of the patient The difficulties of operation appear to tncrease with age
It 15 necessary that there should be both systennc and pulmonary
vessels suitable for Indi for urgent op are
a nising blood count spontaneous attacks of dyspnoea and deteriora
tion of the patient as a result of anoxaemua Contra mdications to
operation are gross disturbances of conduction evidence of bacteral
endocarditis renal disease or recent cerebral accidents Opinions
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might conflict as to the desirabtitty of aperating on a case where a ductus
arteriosus remains patent owing to the alterations i pressure gradients
occasioned by operation

TABLE SHOWING RESULTS OF OPERATION ON CYANGTIC CASES
BLALOCK  INTERNATIONAL CONFERENCE PHYSICIANS LoNpON 1947

ANASTOMOSIS Cases Degths Per cent
Subclavian and Pulmonary Arterv

End to side 331 37 u

End to end 23 4 17
Carotrd and Puimonary

End to side 30 9 Jo

End to end i i 100
Junomunate and Pulmonary

0 sick 47 i3 28

End to end i 1 100
Aorta and Pulnionary

Side to side 2 1 50

Exploratory thoracotomy 37 18 49

The Eisenmenger Complex

The essential features of this anomaly are a high defect of the inter
ventricular septum dextroposttion of the aorta and a normal or
dilated pulmonary artery The condttron 1s held to be a relatnvely rare
one and was so named by Abbott after the case described by Etsen
menger (1897) The earliest case however 1s that of Dalrymple (1847)
It has often been considered as a type of the tetralogy of Fallot but
this 1s wnaccurate Its distinctive distingishing character 1s a normal
ot dilated pulmonary artery in contrast to the invanable pulmonary
stenosts or atresta of the tetralogy

PatHOOENESIS The general appearance of the heart suggests that the
conus and pulmonary artery have developed normally and that the
endocardial cushions of the atrtal canal have 1 the marn fulfitted their
correct functions There 15 a large septal defect at the base of the mnter
ventricular septum and Rosedale (1935) constdered that failure of the
lower part of the bulbar ridges to fuse and consequent fatture of the
dortic vesttbule to be shifted to the left resulted 1n dextroposition of
the aorta A shunt from left to right through the defect would result
1n dilatation of the conus and pulmonary artery Others have held
different views Streptococcal endarterttis was thought to be the cause
of pulmonary artery dilatation In the case of Blechman and Pauhin
(1922) Stewart and Crawford (1933) adduced histological evidence O}:'
a syphilitic process as a possible cau?e of lhle cardrac alnomsz;im\‘\;:l

explamn pulmonary arter;

pulmonary arterstss to explam p ry cali’d infectine
Ve

secondary
Tausstg and Semans (1940} case also presented old h A
Jestons The balance of evidence suggests that the presence of infect!
processs ts the result of the congenttal Jeston rather than the c:xuseme
A~ATOMY There 1s a high ventricular septal defect anteqtor to
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membranous septury and st ts of simfar character to and has the same
smooth fleshv marga as tn the tetralopy {Up 74) The aorta 1 dis
placed 10 the night to a vanable extent and overrides the septat defect
The courtse of the aorta is sormal as a rule but a few cases show a
richt zortic arch It ts not uncommon to find deformty of the aorti,
cusps with 7 aorlic e The cusps may be
unaqual 1 size the cusp smmediately above the septal defect beng the
Iargest The pulmonary artery may be normal in size or farger than

Fia M The Eisenmenger comples Chid aged 2 died of
pneumonia Pulmonary artery enlarged and the aorta lying.
astnde a high ventricular septal defect

normal and s found in its usval position The reht ventride shows
signs of hypestrophy and dilatation and sumilar chasges of lesser
degree nyay be present m the left ventnule The conus of the right
veateicle 15 often large and thick watled Calarfication may be present
1t the pulmonary cusps as in the case of Stewart and Cranford and
in the left pulmonacy attery n as unpubhished case of Hubble
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Bacterial endocarditis ot the pul y valve and pul y atteritis
occurred 1 the cases of Abbott (1927) Millman and Kornblum (1936)
and Bedford and Parkinson (1936) In the latter case there was 2 nght
aortw arch In the case of Talley and Fowler (1936) there was a general
hypoplasia of the aorta mnvohing its entire length Cases with shght
dextroposition may be indistinguishable from the 1solated ventricular
septal defect

Cunicat PIcTuRE The tactors 1n the production of cyanosis are a
shunt of mixed blood 1nto the overriding aorta and failure of adequate
oxygenation 1n the lungs This latter may possibly be due to changey
in the lungs Induced by an excessive pulmonary blood flow or as
thought by some due to congenital abnormality of the pulmonary
endothellum In the bulk of cases cyanosis 1s mumimal or absent for
many years 1t tends to appear towards puberty ot later, and 1s moderate
n amount with neghigible clubbing Cyanosis may also be episodal and
related to exertion emotion or intercurrent infection Pethaps too
the age at which cyanosis appears may be determined by the degree of
dextroposttion of the aorta for 1f 1t lies nearly wholly tn the right
ventricle the chances of cyanosts are greater than when dextroposttion
1s only slight in degree Dyspnoca 15 always more obvious than cyanosis
1n the early stages Haemoptysis may occur Baumgartner and Abbott s
{1929) case showed hoarseness culminating 1n aphoma due to pressure
on the recurrent larvngeal nerve by the hypertrophied conus of the
right ventricle The heart 1s only slightly enlarged There 1s often pul
sation n the pulmonary area with a diastolic shock indicative of pul
monary artery dilatation A harsh systolic murmur 15 charactenstically
loudest 1n the pulmonary area It may be widely audible over the prae
cordium and be transmitted downwards to right and left It 1s not
heard 1n the neck vessels but may be heard 1n the interscapular region
A diastolic bruit of pul Yy p e may be present Aortic
Incompetence may be associated Both systolic and dastolic theills have
been reported

Rap1oLoGY The characteristic feature of the radiological picture 15
a greatly enlarged pulmonary arc due to hypertrophy of the conus and
dilatation of the pulmonary artery(figs 75 and 76) The heart may havea
globular outline 1n young children In older cases the apex 1s blunt ard
ratsed above the diaphragm The hilar shadows are increased owing (o
the dilated pulmonary branches and vigarous pulsation 1s present on
the screen The shadow of the aorta 1» more to the right than1s normal
The picture may resemble that of the mteraunicular septal defect but
there 15 not the gross enlargement of the latter abnormality Asin 0”"‘!'
cases of cyanotic or other congenstal heart disease the radmlos‘\;:r
examinatton plays an integral part 1 diagnosis Likewise as n; of el
forms of congenital heart disease 1t 15 possible 1o have alr‘a;il‘}x :6; n
preture that 1s not truly characteristic and which s of Iitt
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diagnosis The case of Millman and hornblum (1936) afemale aged 32
showed no dilatation of the pulmonary artery

ELECTROCARDIOGRAM Right awis deviation of varying degree 15
nearly always present Conduction disturbances are rare Bundle
branch block occurred t the cases of Moffatt and Eakin and Baum
gartner and Abbott Right axis with runs of dissoctation was a feature
of the chiteal case of Glazebrook (1943)

CoOURSE AND PROGNOSIS Many of the reported cases have attained

FiG 76 The Eisenmenger complex mn a child aged 12
The heart has a globular outline and the aorta s
dextraposed The pulmonary artery 1s dilated

muddle hfe without disability Despite a life of dissipation Stewart and
Crawford s case Ined to the age of 60 Death may be due to cardiac
failure cerebral abscess or ntercurrent infection The average aze at
death 1n Abbott s sertes was 16 vears The outlook 1s not good 1n those
cases that develop cyanosts early

DiaGNosts The salient features of the Eisenmenger anomaly are that

cyanosis tends to appear late and the radiologial picture oftﬂrﬂ
enlarged pul ry arc with pul pul y arteries IS cha:{ac c'
1stic Undoubtedly the diagnosis may be very difficult at tumes an (::dg
arrnved at by 2 process of elimination in which all the accessory g;crttn:ll
of examinatton may be necessary The presence of 2 vcno;‘ch o
shunt may be d d by a reduced if I"t“% “u omacy
at the same time tend to exclude the diagnosis of 1sal:tmcr ‘chh may
stenosts or 1solated ventricular septal defect both i case the
present a comparable clintcal picture In a frankly cy
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duanosts of the mm]ogy 1 \m:nrd by the pmmmcnt pulmonary are
and hilar put d an septal defect may be
suspected “but the E(scnmengcr anomaly 15 not accompanted by the
small aorta of that conditton  Angrocardiography and cardiac catheter
lz:mon hme a definte place w the diagnosis of this abnormatny

y shows h fitng of both aorta and
pu\monary trunk and dense puimonary vascular markings Cardiac
shows elevation of p n the night ventricle and

pulmonary attery The ovygen content of nght wentneelar bload 15
markedly lmgher thaa that from the night aunicle
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(fig 77) Atresia 1s present at the ongun of the aort and hypoplasia
mvolves the vessel as far as the eatrance of the ductus arteriosus The
coronary arteriés anse at their usual situation just above the atresia
Thus latter may be either a thin membrane or there may be evidence of
fused cusps Oceastonally 1t 15 a thick mass of tissue In nflammatory
cases there may be a minnte passage from the left ventricle to the aorta
The pulmonary artery 1s enlarged and continuaus with a widely patent
ductus arteniosus The left ventricle may exist as a small cavity in the

Fic 78 The heart in aortic atresia Note the thickened pearly
endocardium of the [eft ventricle

wall of the night ventricle and careful examination ought to be made
before concludiag that there 1s 2 common ventricle In other cases lhelrc
18 a ventncular septal defect communicating with a small left \enmcii
In some inflammatory cases the left ventricle has been hypertrophie
and dilated The pearly white endocardium of endocardial U‘uc‘kcnmt
may be present 1n both the 1nfi ry and the develop: r,;]pisc
1t appears from the published cases that the ventricular septum c‘ﬂ“m
enticely absent or it may be defective or quite norma) Coarv.x; o
was present 1n a case of Evans (1933} and 1n the case of Dreyfuss (192

th dyspnoca 15 the rule This
"LINICAL PICTURE  Extreme cyanosts wif

mf pot be mmmediately evident at bisth but deselops m(hmla lf;:;’
hm):’rs In cases with extreme aortic stenosis Cyanosts Is presen
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not so marked as in the case of true atresta  Most often there are no
abnormal auscultatory stens but there may be occastonally a systohic
murmur

CouRsE AND PrOGNOSIS Life 1s usually only a matter of a few hours
Summon s (1906) case lived for fifteen weeks

Mutral Stenosis and Atresia

The mitral valve may be narrowed giving rise to a mutral stenosis
which 1f 1 s always d by secondary hypoplasic
changes in the left side of the heart and aorta In many cases changes
1n the vahves are 1n the nature of an aplasta and the chordae and
papilfary muscles are present In certain instances there has been
evidence of an mflammatory process as the probable cause as drstinct
from a purely developmental etiology When the mutral valve 1s com
pletely obliterated mitral atresia 1s said to be present and 1s almost
mvartably a developmental anomaly In mutral atresia the valves and
their appendages may be entirely absent and there may be no trace
whatsoever of the left auriculoventnicular onifice A severe mtral
stenosts may amount to a functional atresta and consequently there
1s some overlapping of the two condittons

The mutral valve ts diffe ated from the end h of
the atrial canal As 1 p ds the cush; grow down
wards and meet the muscular trabeculae of the ventnicular wall Further
changes take place whereby the muscult papillares chordae and cusps
are evolved During the phase of evolution growth may become
arrested and the further changes taking place in the heart are largely
1n response to the altered hydrodynamc condition A narrowed mutral
valve entails a dtmymshed amount of blood passing to the left ventricle
and aorta and if stenosis 15 severe hypoplasia of these structures
follows Correspondingly an increased blood flow n the right side
of the heart leads to hypertrophy and dilatation of the nght
chambers The ductus may rematn patent and continuous with the
descending aorta Little 1s known of the actual factors responstble for
the arrest of development and aplasia of the mutral valve The usual
ntegrity of the interventricular septum suggests that its occurrence may
be after the eighth week 1n many cases About half of the recorded cases
appear (o be actual aplasta of the mutral valve the others showing
definite evidence of a foetal endocarditis Field (1938} has collected
seven cases of congenital mrtral stenosis largely in male infants from
the post mortern records of the Great Ormond Street Children s
Hospital Three of these cases showed aplasia of the left auricle and
ventricle In one case a patent ductus arteriosus was present In three
cases there was a defect of the 1ntersentricular septum and in two cases
tricusprd stenosis was associated Both cases with trnicuspid stenosis
shewed recent or old endocarditis of the mutral valve In at least three

P
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of the other reported cases (Fischer 1911 Kockel 1934 and Farber
and Hubbard 1933) the lesion was attributed to a foelal endocarditis
owing to disease of the mother 1n the Juter stages of pregnancy Each
of these cases had addittonal aortic stenosis and the Tistological
evidence was confirmatory of an infecttve etilogy It thus seems
possible to r a purely develop ! hypoplasia and an m
fective type both resulting 1n vanous degrees of abnormality of the
nutral valve

‘Pure Mutral Stenosis

In view of the controversy which has raged for many years concerning
pure mitral stenosts this lesion 1s briefly considered here The term
pure designates a type of matral stenosts sccurting 1 young subjects
1n whom there are no signs of 1ncompetence and a complete absence
of a theumatic history Included 1n this category may be some cases of
Lutembacher s disease (Chapter X) where mitral stenosts 15 associated
with an aunicular septal defect In these circumstances mutral stenosis
has been held to be a part of a more complex congenital abnormality
mvolving disproportion between the aorta and pulmonary artery
Weill (1895) and Huchard (1905) contended that pure mitral stenosis
was of developmental origin and referred to the condition as the
maladie de Duroziez 1n contradistinction to mutral stenosss of rheu
matic origin the maladie de Vieussens so named after the classical
description of rheumatic mutral stenosis by Vieussens in [715 Vaquez
(1924) commented that none of the protagomsts of a developmental
nutral stenosts had ever satisfactonly demonstrated the condition in an
autopsy of a newborn mfant The conception of pure mutral stenosis
still lingers in France although increasing knowledge of the rheumatic
infection has gradually Jaced the 1dea of a ] etiology of
mutral stenosis 1n cases without rheumatic antecedents Analogy may
be found 1n the concept pure aortic stenosis again largely recognized
by French climierans If ¢ 15 admutted that these cases of aortic stenosts
ate the result of an infecttve process nstalling stself in earliest infancy
1t seems likely that some cases of mitral stenosis may arise 1 the same
way The relationship of mutral stenosts 10 the auricular septal defect
15 discussed elsewhere

Indubitably there are a few cases of congemtal mitral stenous as
autopsy records show (Donnally 1924 Field 1938) but these are rate
and are more often combined with other congenital cardiac abnor
malities The presence of extracardiac malformation in a case of mitral
stenosis might evoke suspicion particulatly 1 a young child ofha
congenttal cardiac leston Such cases have been reported and ’;ht
association faboured but it 1s uawise to draw any firm conclusion uc
1 utembacher syndrome 15 well known andits cum};l’cs(;ire co:‘sip;:,\;‘:(;
by the frequent absence of any theumatic history (McGinn a
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1933 Bedford Pappand Parhmson 1941) The worl, of Roesler (1934)
and others and more recently the review of Burrett and Whita (1945)
has emphanzed 1hat the matzal valves w cases of auncular septal defect
are peculiarly susceptible to infectton and for this reason alone it is
unwise to always assume a Songematal ongn of the mutral stenows
resent
P Donnally s (1924) case may be taken &s the type of congenital matral
stenosts There was a funnel shaped baggy valve undifferentiated mto
cusps and 1ts onfice measured 3 mm Papiftary muscles and chordae
were present The casvity of the left ventricle was rudimentary and
marked hypoplasia of the aorta was present The foramen ovale was
open and the ductus arteriosus widely patent and continuous with the
descending aorta This case etemphifies the marked changes in the left
heart due to deprvation of the blood flow A congemtal mutral stenosts
1 figered by Huchard (1905} and the vahe 1s described by him as
tesembling a tunnel Its onfice measured 7 mm and viewed from the
hypertrophied left auricle the endocardium of the ontfice was folded
and resembled the anus It appears that the recogmition of a congenital
mutral stenosis 1s largely in the post mortem room and is dependent
not only upen the changes in the vahe ntself but also wpon the
secondaty changes 1 the left ventricle and aorta Lastly mention mught
be made of those cases of mutral stenowts assoctsted with congerntal
syphilis Rayraud e af (1939) mention twenty four such cases
CrvicAL Picture Donnally reviewed twelve cases from the htera

ture Cyanosts and dyspnoea comung on shortly after birth were
present 1 ail the cases Cyanosis was preseat 1o four of Freld § cases
Clubbing may be present tn those cases that sunave sufficsently long
A defimate presystolic murmur was present wn two of Freld s cases and
a systohe murmur charactenized as loud or blowing was present 1n the
others  Erght of Donnally s cases died within two wmonths and the
eldest survived to the age of 3 § years In Field s series the average age

at death was 6 months with extremes of 4 days and 1 75 years Death
1s ussally sudden

Mitral Atresta

Mutral atresia 15 @ quite tare congenital abnormality and onfy five
examples are mcluded 1 Abbott s 1000 cases Manhoff and Howe
(1943} mention twenty eight reported cases and add one of ther own

Atresa of the mutral onifice may be complete and lead to its actual
obliteratian o a stenosis of the onfice may be so severe as to amount
to functional atresia The term mutral aplasia sometimes apphed to
these cawes 15 musleading because 1 1s contrary to the aciual process
which sesults i the anomaly Aplasta should only apply to those cases
where the nutral valves ere small and wnderdeveloped and the valve
1ncompetent
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In complete atresia arrest of development takes plice 1t an earlier
stage than 1n stenotic lestons In support of this there has been com
plete absence of the nterventncylar septum n a few cases It has been
supposed that during the diviston of the atrioventricular canal by
fuston of the antertor and posterior end dial cush; F
may be deviated to the left and become adherent to the left wall of the
common orifice thus causing atresia The process 1s one of hypertrophy
of the cushtons and this perhaps 1n some instances may be imitiated by
wnfection at the earhiest stage Abbott (1927) suegests that lack of or
exaggeration of the normal shift to the right of the common ornfice
mght result 1n atresta of either the mutral or tnicuspid valve She con
cluded that the probable expl of the aly 1s a malp
and rrregular union of those parts of the cardiac septa separating the
mitral from the tricusptd ostium Undoubtedly 1n those cases where
there 15 associated aortic atresta 1t 1s possible that a misplaced ventricu
lar septum blocking the aortic ostium might 1nitiate a process of left
stded hypoplasia and be the primary event Monckeberg (1924) con
sidered that unequal division of the truncus artersosus might also
account for some cases of mutral and aortic atresta Agawnst the
hypothests of a malposed interventricular septum 1s that 1n some cases
of mitral atresta the interventricular septum 1s entirely absent and mn
any event 1t 1s after the nutral and tricuspid orifices have been formed
that the mnterventnicular septum comes into contact with the fused
anterior and posterior endocardial cushtons of the atnal canal Harns
and Farber (1939) studied mitral atresia in relation to transposition of
the vessels and of twenty five collected cases fourteen presented some
form or other of transposition On the basis of Spitzer s theory dextro
position of the aorta might well be due to a dimimshed blood flow to
the left ventricte and an tncreased flow to the right ventricle keeping
the night sided aorta open and allowing the left stded aorta to close
and disappear The time at which mitral atresia took place would
determine the position and size of the aorta {f before obfiteranon of
the night sided aorta a normal sized or atrettc dextroposed aorta will
result 1f after obliteration of the right sided aorta then a normal sized
or atretic aorta 1 its normal site will result This 15 mn accord with the
observed cases but does not explain those cases where there 15 comt
plete transposition of the \dcsscli a circumstance accepted by Manhofl

we (1945) as coincidental
angl;{;l at(rcsla)ls usually assoctated with other defects of the heart
and great vessels In one group of cases there 15 aplasia of the left
ventricle and hypoplasia of the aorta Hypopfasia of the aorta may
be extreme to the point of atresia r]‘r;‘olh:;a\sccssslcl;,cre 15 dextroposition
c
o cvenﬂzi{);ﬂizl‘fri?f&f; “oofnﬂ:c ]csmgn reflect the altered circulation
ln’{l‘\‘: heart The stream of blood entering the left auricle 15 deflected
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through an snterauncular septal defect mto the night suncle Often the
teft auricle 15 small and hypoplasic and is hitle more than the expanded
continuation of the pulmonary vems The left ventrnicle may exist
ssmply as a functionless cleft in the wall of a large cormmon ventricle
Or o & great vessel anses from this hypoplasic chamber there 55 an
nterventrcular septal defect The larger common ventricle 1s hyper
trophred and dilated The mitral valve and 1ts appendages are wsually
entrrely absent If present the cusps are small fused and undifferentsated
and the chordae may be facking The coronary supply in the case of the
non transposed aorta may be poor owing 10 aorlic atresia and the
necessity for blood to reach the aorta through a patent ductus arterio
sus The genesal picture s that of a functional cor tritoculare

The assoesafton of mutral and aortic atresia has been reported by
Monckeberg (1924) Dolgopol (1934} Sprenkel (1936) and Walker and
Khnck {1942} Such cases are stoutar 0 but the reverse of pulmonary
and tricuspid atresta The coronary artertes recene blood from fthe
cut de sac of the ascending aorta The case of Mclntash (1926) 1s of
especial nterest in that the foramen ovale was not patent The only
route by which aerated blood reached the heart was through a nght
pulmonary vein which entered the supenos vena cava and an abnormat
vessel which ran from the left auricle to the supenor vena cava The
ductus arteriosus was patent

There 15 no means of recogmzing these cases during a hie which s
mevitably brief Most cases die 1n the first few days of hfe but some
¢ases with transpositon of the vessels may hve for a few months

Tocuspid Atresia

Tricuspid atresia 15 a relatively infrequent congenital abnormahty
Manhoff and Howe {1943) found thisty three cases tn the Iterature and
added one of their own To these may be added the cases of Sabrazes
and Hesvé Cras (1941) Cathala (1942) Dustin and Danolin {1946)
and Dustin Henry and Dustin (1947) These latter esttmate that about
fifty cases are known W hen the rather charactensuc physicat signs and
taboratery findings are more fully apprectated it seexns hkely that more
of these cases wit) be recognized

PATHOGENESIS  Vanous theones have been advanced to explam
tricuspd atresta which bears a close resemblance to mutral atresta
Unequal disssion of the common quniculoventricular onfice by fusion
and adheston of the anterior and postestor cushions to the right wall
has been suggested Abbott s opinson ss embodied 1 her statement that
the abnrormality anses 1a malposition and wregular umon of those
parts of the cardiac septa drading the mitral from the trecuspid ostiusm
Chronologeeally such an event occurs at about the fourth week of ntea
utering fife At this stage the anterror and posterior cushions of the
atrial canal have fused except at thew night and left extrermizes These
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extremitics are destined to become the night and left auriculoy entricular
ostia and by thickening of the endocardium night and left endocardiat
cushions are formed from which develop the tucuspid and mutral
valves The developing interauricular septum joins with the nmuddle
part of the fuscd anterior and posterior cushtons and the developing
nterventneulat septum joins the right posterior endocardial tubercule
causing some narrowing of the right ostium This 15 only temporary
for later the interventricular septum 1s rotated so that its antertor part

VS pt 1 dehct

Fic 79 Diagrams of the heart 1n tnicuspid atresta with an
interventricular septal defect Child aged 8 months

comes to the right and 1ts posterior part to the feft This rotation brings
1t into alignment with the atrial septum It seems likely that in tricuspd
atresta normal rotation of the interventnicular septum fails and Ih;
nght ostium 1s compressed and finally obliterated The associate

ventricular septal defect 1s a true defect and represents fatlure of umo:
between the bulbar septum and the ventnicular septum owing to lac

of rotation Similarly the frequent comncidence of pulmonary nlrcsu{\
and pulmonary conus stenasts suggests fatlure of forsion and Uniq‘::s
dwision of the bulbus and truncus Tricuspid atresa has s&m:: r‘ml[y
been aseribed to the effects of a foetal endocarditis an:i' mafiowhe
a case may be seen 1 which there are rudimentary and fuse o

flets Much more often the site of a tricuspid valie 15 2 sm

Ieafets brane or trabecular muscular tissue tn which no sugeestion
g?r\/o;ﬂi;rl‘::ns\ruclurc can be found The occurrence of destroposihon
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or of complete traasposttion m many cases lends strength to a
developmental ongm

Assurmng the airesia to anse at about the fousth weeh such abnor
mahtes as \he accompanying patent foramen ovale or perssient
ostium secundumt patent ductus arfertosus hypoplasia of the pul
monary tract are really secondary abrocmahties determined by the
seed of a creulation to the Jungs on the one hand and by altered
dynamnic changes m the bloed flow on the other The extent of these
secondacy defects determunes whether the heart will function as 2
tilocutate as trifoculate heart

ANATOMICAL FrATURS The bewween 3 develop \
and an safechve etology 18 usvally apparent on misroscopieal examina
ion if not on the naked eye appearances Attesia the result of infection
15 shown by scarring of the cusps and of the adjacent endocardium and
by the preseace of chordae and papillary muscles mn the nght ventriclte
1In the developmental cases the appearances are quite different and
cases may be dnvided mto two groups those where there 1s an sojated
atresta and those where there 1s some anomaly of the great vessels such
as dextroposttion of the aotta o7 complete transposition fn Brown s
{1936} case an elhiptscal depression marked the site of the tncnspid valve
{figs 79 and 803 The sight auncle was hypertropied and the right ven
tricle existed as a small cavity she size of a hazel nut There was no trace
of the valve appendages tn the right ventricle The left ventricle was
hypertrophted and there was a small mtenentricular septal defect
bencath the non-coronary cusp The pulmonary artery stself was thia
walled though of normal calibre and arose from the dinunutive cavty
The pulmonary corus was diffusely narrowed This case 15 an example
of that graup ta which there 2 small blood flow through a natrowed
pulmonary trat 1n an unpublished cast of tricuspid airesia and
puimonary atresia there way no between a pul 34
artery that exsied as a fbrous cord and the night ventricte blood
reaching the lungs through a patent ductes arteriosus A simudar case
is that of Holder and Pick (1939) In the case of Manhoff and Howe
{1945) there was frank dexttoposition of the aorta and complete
pulmonary atsesia co eusted Dastin and Denolin (1946) reported 2
case with complete transposition of the great vessels the zocta in this
case sprmging from a sht ke right veatricle

A complete transpasiion of the vessels 38 a fnourable circumstance
as shown by the case of Hedinger (1915) a woman who led an active
athlene bife and survived votil the age vf 56 Presumably prolongation
of hfe was due to the postion of the pulmonary artery m the left
ventricle wiach } 4 an Q) i y blood supply In
1his cas¢ cyanosis was 1ot & prominent featuse until the tesminal stage
Cathala and Tisserand (1926) have reported the only case in which
there was no mterventricufar seprat defect
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In tricuspid atresta 1t 1s evident that a reduced pulmonary blood flow
may be the result of either a narrow ventricular septal defect narrowing
of the pulmonary conus or actual atresia of the pulmonary artery
Even when the vessels are transposed there may be pulmonary artery
narrowing or atresia In the case with pulmonary atresia the urculation
to the lungs 1s masmtained through a patent ductus arterrosus

These anatomucal findings are of importance in regard to possible
surgical treatment In those cases where there 1s simple obstruction to
the pulmonary flow either by conus stenosis or a small ventriculac

TR
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A emtamer®”

ventr
(a) The aplastic right ventricle has been opened and an arrow ponts to 3
» e cular septal defect

Fic 80 Tricuspid atresia Female chitd aged 7

[

months
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septal defect these must esist a low pressure m the pulmonary artery
and therefore such a case 15 fikely to benefit by an anastomofic opera
tion In the other type of case where a pulmonary circulation 1 assured
by a patent ductus artertosus there will be a higher pressure sysiem
the pulmonary artery and it 15 dubious whether there would be a
sufficient pressure gradient to assure a flow through an aruficiaily

b} Interior of the nght auticle Depression at site of the tricuspid valve -
Foramen ovale open

markedly cyanotic wath a oormal aus un the electsocard ogram
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In tricuspid atresta it 1s evident that a reduced pulmonary blood flow
may be the result of either a narrow ventricular septal defect natrowing
of the pulmonary conus or actual atresta of the pulmonary artery
Even when the vessels are transposed there may be pulmonary artery
narrowing or atresia In the case with pulmonary atresia the circulation
to the lungs 1s maintatned through a patent ductus arteriosus

These anatomucal findings are of 1mportance 1n regard to possible
surgical treatment In those cases where there 15 simple obstruction to
the pulmonary flow either by conus stenosis or a small ventricular

R

been opened and an arrow poInts
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/ ht ventricle has
(0 The aplasto g cular septal defect

h
Fic 80 Trcusud atresia Female child aged 7 mont
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inevitably have pulmonary stenoss and a defert attoming a shunt bas
perhaps contnbuted 1o this As some of the cases sunte for a con
siderable penod and are passible candidates for surgicat relief the
chinteat Features are worth careful consideration The presenting feature
15 cyanosis of varable degree with corresponding <lubbing of the fingers
1n the older cases Cyanosts generally exsts from birth and 1s enhanced
by movement sucking OF emotion but cases are on record such asthe
secent case of Dustn Henty and Dustin {$947) where cyanosts was

Fra 82 Trouspid atrenia Clutd aged 7 months

not evident until the child was several neeks old Cyanosts 15 biely to
be late tn a case with transpositton of the vessels There may be fre
quent attacks of paroxysmal dyspnoea which come on quite suddenly
Tast an hour or two and then cease spontanecusly These attacks are
nat relieved by the mhalation of oxygen

Polyeythaenna 1s always present The heart 15 ealarged to both the
right and feft and the apex beat s forable A systolic murmur may be
present in the bulk of cases and ts best heard sn the second and third
left space close 1o the sternum It may only be present from time to
1ime and not necessarsly constant to the rdinidual case Tanssig (1936)
states that st 15 due to flow in a patent ductus artenosus It rmght also
arse ai the mntenentncular septal defect Ducing astacks of cyanosts
accompanted by sevese dysprroea the murmurs may disappear In a few
cases no murmurs have been heard at any time

RaADIOLOGY The X ray picture discloses 2 rather globular enfarged
heart The comveuty of the nght border corresponding to the night
aurcle 1s exaggerated The left border 35 well rounded and has the
appearance of left ventricular hypertrophy (fig 83) Owing to absence of
the pulmaonary conus there 1s a concase pulmonary are In the Jeft
anterios oblique posinon (fig 84) the nsht ventricle 1s seen 10 be very
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small and the left 1s large (fiz 82) Angiocardiogriphy shows a small
right auricle The contrast medium enters the left ventricle 1n about two
seconds without passing through the night ventricle showing thatits only
foute 1s through an auricular septal defect The aorta and its branches
are vistble i the three second film A little later the nght ventricle and
pulmonary artery shadows appear the latter never dense

2

Fic 85 Electrocardiogram i tricuspid atresia

ELECTROCARDIOGRAM ~ Almost alone amongst the permanently
cyanotic group the electrocardiogram shows a left axis (fig 85) The
tetralogy of Fallot with dextrocardia also shows a left aus but the
P wave 1s inverted in lead 1 A few cases of persistent truncus or of
common ventricle also show a left aus

Diacrosis Cyanosss with paroxysmal dyspnoea clintcal and X ray
signs of left ventricular hypertrophy and a Jeft axts in the electro

should be adi grounds for diagnosis Cardiac
cathetenization would prove the presence of an auricular septal defect
and 1t would not be possible to enter the nght ventncle The angio-
cardiogram 1s discussed above

ProGNosis The average age at death 1n Abpott s series was 5
years with an extreme of 56 It ts probable that this figure 1slow as
recent work suggests that a number of cases survive to adolescence
The two cases of Geract Dry and Burchell (1948) were well and alive
at 35 The prognosts depends upon the effectiveness of otygenation
1n the lungs and the volume of blood reaching the lungs for aeration

Congemital Pulmonary Insufficiency

C pull Yy may occur 1 those cases where
there ts a communication between the two sides of the heart and 1s
most frequently encountered 1n aunicular septal defects and in the
patent ductus arteriosus In both of these conditions the pulmonary
artery 15 dilated and there 1s commenly 1 the case of the former an
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associated hypoplasta of the aorta Pulmonary sufficiency as an
1solated «nomaly 15 exceedingly rare and it may arise m several ways
Unequal division of the common artenal trunk has been described as
a cause Defective formation of the pulmonary artery or an absent or
defective cusp may also give rise to msuffictency In another group
ante natal endocarditis mvolving the pulmonary valve may give rise
to stensosis and ncompetence Despite the not infrequent finding of a
pulmonary valve of funnel shaped appearance owing ta fuston of the
cusps and the apparent 1mposstbility of such a valve to completely
close a diastolic murmur 1s rarely heard Another underlymg cause of
pulmeonary mnsufficiency 1s a supernumerary pulmonary cusp Kissin
(1936) states that m the hterature there are 154 cases of a super
numerary pulmonary cusp and in three of these there was defimte
pulmonary regurgitation and 1n seven additional cases autopsy showed
that there was pul Y ncc The 1 features of
the supernumerary cusp vary from case to case and in many cases 1t 15
deformed and fenestrated

CLINICAL FeaTUreS The clinical signs are a diastolic murmur 1n the
pulmonary area and along the left sternal border unaccompanted by
the changes 1n blood pressure or peripheral signs of aortic incompe
tence The heart may be shighly hypertrophied but gross enlargement 1s
unusual The X ray shows a mutral configuration with a promunent
pulmonary arc and this 15 well shown mn Kissin s case

COURSE AND PROGNOSIS The average age at death 15 40 with ex
tremes of 5 months and 80 years

Diacnosis The chief difficulty n d lies 1n the r |
of the heart signs to the Graham Steell muemur of mutral stenosts and
the similarity of the radiological picture to that of mitral stenosis
Dufferentiation 1s posstble 1n that the signs of mitral stenosis are absent
there 15 no history of rheumatism and acquired disease of the pul
monary valve 15 exceedgly rare The murmur of aortic incompetence
can be differentiated by the absence of a collapsing pulse

Congemtal Tricuspid Insufficiency
Congenital tricuspid 1msufficiency 1s 1 more serious condition than
pulmonary snsufficiency and may occur alonc of in asseciation with
tricuspid stenosts
Trcuspid stenosts and atresia have been discussed above and their
onigia as the result of or develop I p con
sidered There are other anomalies of the tricuspid valve Tncomplete
differentiation of the cusps may occur There may be an increase 1n the
number of cosps or the cusps may be mnvolved 1 a congenital hypo
plasia (Anel 1930) The cusps may be reduced 1 number two g;ﬂy
being present 1n the cases of Hotz {1923) Palladino and }\mlncy (1948)
have described two cases one aged 34 in which the septal cusp was
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adherent o the ventnenlar walf by bands of endocardwnt tissue and
abnormally short chardace tendinede were present A displacement of
the vatve downwards wmto the night veninicle was described by Ebstain
{§866) and thus generally occurs 15 an otherwise norwal heart Itica
rare abpormality and there are twelve reported tases The motbud
appearances of such & heatt are striking because the hine of attachment
of the valse 1s roughly vertical instead of s usual transverse lie The
resuft 1s that the nght side of the heart 1s so dwided that a targe part
of the nght ventncle functions as a part of the nght auncle The
anptertor cusp slways retatns s attachment to the annulus fibrosus at
any rate m part and 1s usually the Jargest cusp present The posterior
cusp has usually ne canacetion with the annulus but 1s attached to the
walls of the venincle The septal eusp tends to be small and under
developed O upen the ab lies of the cusps there
are vanations ia the position and skze of the papiilary muscles of which
some may be absent and chordae aoly present The true auricylo
veatriewlar onfice 15 dilated and the malformed valve wcompetent
The right auricle and part of the nght ventricte are grossly dilated The
pulmaonary conus and artery may be hkewse dilated A patent foramen
ovale has been associated 1 alf but two of the reported cases but other
anemalies other than those of the venous salves ace rare A recest
case s that of Brekke (1945)

Crmntc AL Prcrure The clinical features are of interest and vary to
a certamn extent with the 1 cause of In the
Ebstern anomaly cyanests may depend upon the amount of blood
passing through the foramen ovale and vpon the volume of blood
entenng the pulmonaty artery Cyanosts may thus be only shght
although it has been marked n certasn of the reported cases Clubbing
depends upon the degree of cyanoss present The heart 1s entarged and
thate 15 aften a foud systolie murmur u the turd and fousth Jeft spaces
<lose Lo the sternum A presystobic or dustolie murmur may be heard
al the same stte A murmur was not present in Brekke s (1943) case
A thnll may be present Extrasystoles and parotysmal tachycardia
ate common At a later stage when faiture develops the clasqcat SiEns
of tncuspd tcompetence appear There are distended neck voins an
enlarged and pulsating Iner and passive congeshon of the yiscera
Hotz {1923) deserived weakness of the 1eft pulse due to pressure on the
agrtc arch by an enlarged pulmonary artery aad paralysis of the lefe
recurrent laryngeal nerve for a simidar reason

1o trscuspd wsufficiency due ta cawses other than that of the Ebstem
type the duranon of Wie 15 usually relatvely buef and the signs are
more marked Cyanosis of moderate or marked degree may be present
topether wiln proportionat clubbing but these may be absent Thete 1s
a presystolic mesocardial murmur and accompanyiag thall the
mIreLR intensity of these signs besng a fitsle to the left of the sterpy
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in the third and fourth spaces To these may be added the signs of
passtve congestion of the viscera pulsating neck vetns nd perhaps an
enlarged pulsating Iver Enlargement of the heart tends to be greater
1n these cases than 1n the Ebstewn type

There 15 no certan method of arrtving at a dragnosis of the Ebstein
anomaly although 1t may be suspected 1n the presence of repeated
attacks of paroxysmal tachycardta associated with QRS abnormalities
m the electrocardiogram

RADIOLOGICAL PICTURE There 1s no charactenistic picture so far
defined of the Ebstern anomaly The heart 1s enlarged to right and left
and there 1s considerable enlargement of the right aunicle In some cases
there 1s masstve enlargement of the heart as mn the case of Abbott (1936)

ELECTROCARDIOGRAM Few electrocardiograms of Ebstetn s anomaly
are extant Right axis deviation 1s usually present and widentng of the
QRS common There may be right bundle branch block and arrythmtas
are common

CoURSE AND PROGNOSIS In Ebstein s disease the prognosis 1s better
than 1n the other types Cyanosis may be late in appearance and the
condition 1s not incompattble with long life The average age at death
1s about 25 years but the age of 60 has been attamned in at least two
instances Death often results from pulmonary tuberculosts but may
be from congestive fatlure In other types symptoms and cyanosis are
early and severe and life 1s not more than a few years



CHAPTER XV

TRILOCULATE AND BILOCULATE HEARTS

True examples of these types of congenttal heart drsease depend upon
the fatlure of development of th. cnrdmc septa and are rare Most
cases are lly four ch but lly three or
1wo chambered The cor batnatum tnioculare has recently become
smportant because certain types are amenable to surgical treatment

Cor Biventneulare Triloculare
(Complete absence of the Intersuricular Septum)

The defect arises as a result of faiture of development of the auricular
septum and 1s often assocated with defects of the pulmonary vewns
or vena cavae as in the case of Davidson (1930) In Witham s (1894)
case the left pulmonary vetn cntcred the supertor vena cava and the
right pul y vein was rud dia and t
of the vessels was present in the cases of Davidson (1930) and Ratner
and Abbott (1921} An nterventricular septal defect was addittonally
present 1n the cases of Davidson Lerebowillet (1931) and Yater
Leaman and Cornell (1934) which latter also showed congenital heart
block The case of Zadoc Kahn and Cousins (1925) was comphcated
by an aneurysm of the interventricular septum It 1s a feature of prac
tically all of the reported cases that there is some minute remnant of
the auricular septum but functionally 1t 1s virtually absent

CriNicAL PICTURE Cyanosis may be late 1n appearance as in the
Tess severe types of septal defect because the shunt 1s artertovenous
and reversal of flow 1s only likely to be transient as with pulmonary
infection of terminal Some cases have been reported with both cyano
sis and clubbing, and this suggests the presence of other abnormalities
There are no charactenistic physical signs and a murmur 1f present
15 due to some associated defect The X ray picture may show evidence
of right ventuicular hypertrophy and the electrocardiogram a night axis

CoURrse AND PrOGNOSIS Death usually results from cardiac faslure
although an mfectve endocarditis claimed the case of Lereboullet
Davidson s case died of congestive farfure at the age of 27 Abbott
{1936) prves the average age at death as 6 with a maximum of 31

Cor Biatniatum Triloculare

A heart consisting of two auricles and a ventricle 15 designated as a
cor bratriatum triloculare In a true example of this anomaly these 15
Q 27
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a complete arrest of development of the mterventricular septum and
both auricles open into a common ventricle from which asises the aorta
or pulmonary artery or both 1n normal or mare frequently transposed
relationships An example 1s the case of McCrea (1927) a cyanotic
child of 16 weeks ;n whom there was a single ventrick  transposed
great vessels and a patent foramen ovale Such cases mostly die early
i childhood but a few attan early adult hife Again 1n nearly all the
reported cases there is some vestige of the interventricular septum
especially 1ts posterior portion

Fio 86 Hears from a child who survived for a few hours An anomalous

ventricular septum cuts off a small antérior ventsicle from which arises

the pulmonary artery Two aunculoventricular onfices open nto the farge

postenior ventricle This heart ma)l' be 'dassmcd as a type of cor bratnatum
trifoculare

The most 1mportant type because 1t may be chimeally recognizable
and 1n some cases amenable to surgery 1s the single ventricle with 2
rudimentary outlet chamber n one or other of ns vanable formls
The common denominator of this group of cases 15 4 single ventricle
mto which both auriculoventricular ostia open and a rudnmcn%fy
outlet chamber separated from 1t by a nidge of musular tissue d‘c

orta or pulmonary arfery or both vcss(ejls Imny :::s;sfrom the ru

entary chamber 1n normal or transposed refatonsh
mIn t?c development of the heart the nidge mtcrvccmng l:el\jlc:n“tll:;

le
dous cordis and ventric
:]:ss {he sntementricular septum begins to develop and partitionins, of
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the truncus occurs Ordinarily only the amerior part of the bulbus
persists as the pulmonary conus but in this abnormality the butbus
cordrs persists and 1> represented by the rudimentary cavity At the
same time ahnormalittes occur n the development of the interventricular
septum and aortic septum

ANATOMICAL TYPES OR COR BIATRIATUM TRILOCULARE

1t 15 possible to rdentify three mamn groups of cases

() Single ventricle with rudunentary outlet chamber front which arises
the aorta and pulmonary artery

Good examples are the two cases of Taussig (1939) The first an
1nfant of four weeks with persistent cyanosts emphasized by crying
The nght auricle was greatly enlarged A deformed trcuspid valve
and a mitral valve opened into a large single ventricle At the site of
the pul 'y CONUS Was a4 T ry chamber sep d from the
large vertricle by a muscular ndge This chamber gave rise to a Jarge
aorta The pulmonary astery was obliterated at its base and the ductus
arteriosus was widely patent In the second case there were attacks of
cyanosts The heart was shightly enlarged There was a gross defect of
the aurrcutar septum so that there was virtually a common aurnicle
divided by only a strand of tissue The two aunculoventricular valves
opened nto a single ventricle A rudimentary cavity exnted at the site
of the pulmonary conus and was separated from the common ventricle
by a muscular ndge The aorta and pulimonary artery arose 1n trans
posed relationship from thes dimeutive chamber  The ductus was
closed

(2) Stgle ventricle recerung bath auriculoventricular orifices Aorta
Jrom single ventricle and pulmonary artery from the rudimentary chamber

These cases are rare (fig 86) The first case was descubed by Holmes
{1824) 1n a male of 22 and remained umque vnti the case of Drey
Strauss and Gray (1938) Thus latter case agirl of 14 presented cyanosis
and clubbing and died of a cerebral abscess The right auricle was dilated
and hyperirophted and both mitral and tricusprd valves entered a
single ventricle The aorta arose from the posterior part of this single
ventricle and was somewhat narrow In calibre A rudimentary cavity
mn the feft antertor wall of the single ventricle gave ongin to 2 pulmonary
artery and communicated by a small opemng with the lacger ventricle
In a personal case a cyanotic female child of 10 preseated a Jeft
axis 1n her electrocardiogram and an X ray picture wiich closely
resembled that of the tetralogy (fig 87) An anastomotic op-ration
was performed and the child died post operatively The post piortem
disclosed a common ventricle into which both auncufoventricutar
orifices opened There was a di chamber ating with
the large ventricle by means of 2 very small mt.rventricular septal
defect The pulmonary artery arose fram ths small chamber
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(3) Single ventricle with rudumentary, outlet chamber The great vessels
are transposed so that the aorta arises from the rudunentary chamber
and the pulmonary artery from the single 1entricle

This type ts the commonest and was described by Peacock (1855)
1 a child of eight months Subsequent cases are those of Rokitansky
(1875 assoctated with pulmonary stenosts Spitzer (1923) two cases
one with tricuspid atresia  Mills (1923) with coarctation Favorite
(1934) Glendy Glendy and White (1944) This does not exhaust all

Fie 87 Single ventnicle with diminutive outlet chamber
with the great vesscls not transposed (Holmes heart) The
pulmonary artery arose from the dimutive chamber
Marked cyanosis and left axis in the electrocardiogram The
case died subsequent to an anastomotic opiration

the reported cases many of which have probably been reported under
other titles Thus mutral atresia 1s sometimes described as a mlocul‘;llc
heart In this anomaly the heart may be functionally tnjoculate and 2
small hypoplasic left ventricle burted i the musculature of the c'unll
mon ventricle may be missed unless a careful search 1s made Sl)m‘)-(lfd]
with tncuspid atresta a hypoplasic right ventricle may be over! Dt:)s :“
and 1t may be assumed that the interventricular septum is absc
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Even 1n those cases where thete 1s a ventricular septal defect 1deatifica
tion can be made certain because 1 the group of anomalies under
discusstion  both auriculoventricular onfices open into the single
ventricle and m mutral and trcuspid atresta the corresponding artery
1s hypoplasic or atresic Favorite s case a boy of 18 presents certam
unusual features (fig 89) Both aurcles commumecated with a large
common ventricle the pulmonary artery which wasdilated and caused
death by rupture arose from the common ventricle A transposed and
hypoplasic aorta arose from the rudimentary chamber

Fi 88 Single ventricl, with diminutiy ¢ outlet chamber

The great vessels are not transposed A probe 1s placed

m the small foramen communicating between the single

ventricle and the small outlet chamber An anastomonc
operation has been performed

CLivcar PIcTure Cyanosss may or may not be present the vanation
1m the picture being due to the sitnation of the pulmonary artery and
the amount of blood that reaches the lungs When the pulmonary artery
takes origm trom the rudsmentary chamber it 1s small and hypoplasic
and cyanasts tends to be severe 1€ however the vessels are transposed
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and the pulmonary artery anses from the single ventricle clnicat
cyanosts 1s absent or at the most very slight Therets however always
an increased amount of reduced haemoglobin mn the arterial blood
Correspondingly an aorta artsing from the dimunitive chamber imphes
a reduced systemic blood supply and this is reflected 1 the frequent
under development of these subjects The heart i1s usually normal mn
size A systolic murmur may be present and heard widely over the
praecordium

RaDioLoGY The conus of the right ventricle 1s enfarged because of
the position of the rudimentary chamber The heart as a whole 15 not

Fic 89 Diagram of cor biloculare (After Favorite}
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enlarged If the pulmonary artery arises from the common ventrcle
there are prominent hilar shadows 1f 1t anses from the rudimentary
chamber the hilar shadows are minimal In the left anterior oblique
position the night ventricle does not project beyond the hne of the
ascending aorta and the appearance thus differs from that of the
tetralogy

fic 90 The circulation 1 tricuspid atresia and 1n
pulmonary and tricuspid atresia.

ELECTROCARDIOGRAM Rught axis 1s general but there may be no
changes in axts Left axts occurred 10 a personal case 1dentical with the
Holmes heart (fig 91)

DiaGhosis This may cause the greatest difficulty but an accurate
diagnosis 1s essential in those cases that are cyanotic so that they can
be considered 1n regard to surgical treatment Surgery can be enter
tamed for those cases where the pulmonary artety 1s small and anises
from the rudimentary chamber Where both vessels arise from the
single ventricle even 1f the pulmonary artery 1s small the pressure 1n
the aorta and pulmonary artery 1s likely to be equal and therefore
there are no ad n perf an
because the blood would not course through the channel so created

The sithouette of the heart 1n the left anterior obligue 1s not unlike
that found n tricuspid atresia and this can usually be differentiated
by the left axis 1n the electrocardiogram In the cases where there 1s
no cyanosts theumatic heart disease as in the case of Glendy Glendy
and White may have 10 be excluded by the history and symptoms
Lastly a sample of blood from the ventricle and a sample of arterial
blood should have 1dentical oxygen content if there 15 a single ventricle

PROGNOSIS Abbott gives the average age at death as 7% vears n the
thirteen cases that she collected

Cor Biloculare

A true cor biloculare 1n which there has been no attempt at septal
formation s evceedingly rare and 1t 1s doubiful of 1t ever occurs n
the stnictly anatormical sense heith (1909) and Wood and Willlams
(1928) have yet to see a true cor biloculare in regard to structure and
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they suggest that the term brloculare should refer to function rathe
than structure

The cor biloculare represents the most primitive type of cardia
defect and designates a functionally two chambered heart The
reported cases fall to two main groups which may be arbitranly
referred to as lete or plete forms to the exten
of septal development The complete form may be further subdnidec
into two classes depending upon whether there 1s subdiviston of the

wd
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Fig 91 Single ventncle with diminutive outlet chamber
Great vessels not transposed Left axis tall pointed P
waves deep Q3

truncus artertosus or whether this latter persists The mncomplete
forms where there has been considerable septum formation are
typified by the persistant ostium atrioventriculare commune

The more complete forms of cor biloculare are rare and generally
associated with other grave anomalies such as a persistent truncus
arteriosus transposition of the arterial trunks or abnormalitics of the
pulmonary vemns In its complete form there 1s a persistent lruncu:
arteriosus 2 single auriculoventricular onfice ntervenes between
auricle and ventricle and four aurculoventricular cusps are

n
present ginal undnided cushions of

present these latter representing the or,
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the atrial canal Atrest 1n development takes place before the fourth
week that s before the appearance of the cardtac septa In a somewhat
more frequent type the truncus has been dvided 1nto aorta and pul

monary artery In the reported cases these are transposed In hugel s
(1932) case there were four auriculoventricular cusps The pulmonaty
artery was atresic and posterior 1o the aorta A nght sided aortic
arch was present and a patent ductus artenosus communtcated with
a night and left pulmonary artery The pulmonary vemns entered the

Fig 97 Circulation sn the funciionally two-chambered heart
(After Wood and Wilhams)

auricle by a common trunk and there was a persistent left supenor
vena cava A hyperplasic enstachian valve was present i this case as
1 the cases of Keith {1909) and Wood and Williams (1928) In Michel
son s (1943) case an infant of three days there was a large nght auricle
and a small non functioning left auricle together with alarge ventricutar
chamber Both pulmenary vewns entered the nght chamber and
Intervening between the night auncle and ventricle was a poorly differ
entated aunculoventricular valve A single artery emerged from the
common ventticle and this vessel was furnished with three cusps
Well above the cusps a single vessel was given off which divided 1nto
branches entering the lung on either side The main vessel continued
as the arch of the aorta with its branches

Transposion of the vessels may be a favourable arcumstance and
1n at least one case that of Rudolf (1899) life was prolonged until the
age of 16 In Wood and Williams case (1928) the aorta was dextro
posed pulmonary stenosis was present and the ductus artenosus was
patent {fig 92) In Evans s (1933) unique case there was absence of the
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ascending aorta The aurtculoventricular onfice bore three cusps The
P y artery was with the ding aorta from which
the four vessels of the ntormal arch took origmn by a common trunk
The number of auriculoventricular wusps 1s subject to varation and
they may be incompletely differentiated three as in the cases of Welss
and Michelson or five as 1 the case of Wood and Williams Anomalies
of the pulmonary vemns are of commen occurrence Abbott (1927) con
sidered these to be the possible primary abnormality Abnormal
pulmonary veins are sigmuficant m the genests of tnteraurtcular septal
defects Morphologically the partitioning of the auricle depends upon
the formatton of a pulmonary circulation and disturbances of the
blood flow entering the auricle might well lead to absent or anomalous
septal formation The infertor vena cava may be absent and in its
place hepatic veins may enter the auricle It 1s evident from the above
that the complete forms of the cor btloculare may present a primitive
and bizarre prcture that 1t 15 quite unrecognizable during life and may
be the subject of contention atter death The point must be made that
a biloculate heart 15 so fi lly more often than anatormcally

Persistent Ostium Atrioventrrculare Commune

In the mncomplete type there 1s evidence of septal formation but
defects are found at the base of the interauricular and at the upper
part of the nterventricular septum The persistent ostium aino
ventriculare commune may be taken as the type and this anomaly 1s
of interest because of its frequency 1n the mongol Indeed of the forty
odd cases reported at least half have occurred 1 the mongolian idiot
Embryologically the anterior and postenior endocardial cushions of
the atrtal canal fuse at an early stage to divide the atrial canal into
mitral and tricuspid onfices Subsequentiy the cushions proitferate
upwards and downwards to assist in the closure of the foramen primum
and the completion of the intenventricular septum Fatlure of the
cushions to fuse and proliferate will result 1n a common auriculo
ventricular ortfice with defect of the cardiac septa In these cases the
auriculoventricular onifice 1s situated above the mterventricular septal
defect and 1t may be furmshed with cusps of unequal size of which
the antersor and largest of them appears to be formed by fuston of the
antertor cusps of the mitral valve with the septal cusp of the tricuspid
\alse This congoined cusp runs across the septal defect The papiliary
muscles 1 connection with this cusp are found 1 both ventricles of
the chordae may be attached to the upper concave border of the nter
ventricular septum The number of cusps varies but these are wsually
five of varying size Apart from this general type there may be other
associated cardiac anomalies Lightner s (1939) ease presented l;
addiion pulmonary atresta and the fight pulmonary veins cnlﬁg
the neht side of the auricle Goetsch s (1938) case a mongol of
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months had coarctation of the infantile type a widely patent ductus
and bactenal endocarditis of the auriculoventricular valve

Anatomically all the chambers communicate with each other during
drastole and then in systole there is intercommunication between the
two auricles and the two ventricles Cyanosis 1s not always i evidence
and 1f present may vary from time to time Marked cyanosts may be
a terminal event

There are no characteristic physical signs A murmur has been
present 1n some cases and absent 1n many The electrocardiogram 1n
the few recorded 1instances has shown a night aus A large globular
heart has occasionally been observed on X ray examination
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DEFECTS OF THE AORTIC SEPTUM

Defects of the aortic septum form a comparatively small but important
group Their orsgin 15 devel and the 1 prcture and
ta some extent the chacal picture depends upon the degree of fmlure
of development of the aortico pulmonary septum Accordingly these
cases are classified 1nto the followmg groups

(1) Complete absence of the aortic septum or persistent truncus

artertosus
(2) Partial defects of the aortic septum leading to a commumication
between the aorta and pulmonary artery

(3) Aneurysm of the right smus of Valsalva

PERSISTENT TRUNCUS ARTERIOSUS In the complete form of this rather
rare anomaly the aortic septum ss absent and a single large trunk
anses from the base of the heart partially or wholly from the neht
ventricle Such cases are rarer than the incomplete forms

PATHOGENESIS As the name mplies the defect 1s due to 1 fanlure of
the aortmo pulmonary septum to develop and conseguently the
truncus arteriosus perststs as a single trunk  Humphreys (1932) states
that there is always abnormal torston but no cause and effect retation
ship can be established between this and fadure of septation As there
are four distal bulbar swell, the rud of the 1 cusps
and the latter swellings remamn undmided there should be ideally fosr
cusps trt the common trunk and this 1s often the case (fig 93) Assoct
ated falure 1 development of the sixth arch system leads to the
formation of a collateral circulation to the lungs

In other cases there may be an attempt 1t septal formation the
conditsion then being known as a partial perststent truncts arteriosus
If the spues of the sixth arch are present but fail to fuse the pulntonary
artenes artse independently from the trunk Where there 15
partial septal formation there may be a short common pulmonary
tunk  from which the pulmonary beanches are gnen off and
accasionally a ductus arteriosus

The eatlest case appears to be that of Wilson (1798) a chld sur
viving far seven days There was a gross defect of the diaphragm so
1hat the heart was in the abdomen The heart 1tself consisted of a single
aurscle and veatricle The latter gave nise to a large single vessel which
gave off a pulmonary artery and continued as an aorta with sts vsuat

238
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branches The pulmonary vessel divided mto right and left branches
The pulmonary vetns entered the superior veng civa

ANATOMY An anatomical classification has been proposed by
Humphseys who recognzes five mamn types These are as follows

{1) Partial common trunk with ductus arteniosus

{2) Parttal common trunk without ductus arferiosus

{3) Complete trunk with dent ongtn of p

arterses
§ §
' 2

7

5
Fir 93 Types of common artenal trunk (Aft ¢ Humphreys ) § Partial
common truntk and ductus artenesus 2 Partial common touak without
ductus arteriosus 3 Complete common trunk with independent ongin
of the p! y actertes 4 € ke trunk with Yy
artery and a bronckual artecy § Complete common teuak with no sixth
arch derivatives and bronchial astenes

{4) Complete common trunk with one pulmonary artery and a
bronchial artery

¢S) Complete common trunk with no siwh arch dernvatnes and
bronchual arteries

A tertata number of cases have been deseribed as a persistent truncus

artersosus when 1 reality they are cases of pulmonary or aoruc atresia

(fig 94) Humphreys has supgested certain critersa which may help in

the idenufication of a persistent truncus artersosus The finding of the
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cord like atrophtc remnants of either of these vessels and usually an
aplastic correspondmng ventricle hidden 1 the wall of a common
ventrcle shonld at once identify the nature of the stngle trunk For
some authors Hulse (1918) and Humphreys (1932) the presence of
four cusps 1n the single trunk 1s the hall mark of a persistent truncus
and 15 1ts mfallible sign Huise would exclude all cases m which three
cusps only were present Mumphreys would mclude those cases m
which there was evidence of a partial division of one of the cusps On

VUU«

ij(/\ /\W(/g%x )

FiG 94 Types of solitary artertal trunk (After Humphreys ) | Normal
separation of aorta and pulmonary artery 2 Atresia of the gorta with
solitary pulmonary trunk  coronaries arise from atresic trunk 3 Solitary
aortic trunk with atresia of the pulmonary artery 4 Soltary aortic trunk
with no ble sivh arch d Ductus artertosus shadec

T e’

RN

Fie 95 Diagrams of‘pcrslszcn( fruncus artenosus (After Feffer) [
Complete persistence of truncus three cusps one with a raphe 2 fer
sistent truncus with partial division by an aortico-pulmonary septum
Three cusps raphe mtervenes between the coronary onfices '3 Panial
dwision of truncus Four semulunar cusps Ar aortic isthmus Da ductus
arteriosus RCand LC nght and I¢fi coroparres RP and 1P 1ight and Jeft
pulmonary arteries sand s septiz D septal defect

developmental grounds Humphreys would accept cases with three
cusps provided there were no atresic remnants of aorta or pulmenary
artery and the common trunh fulfilled the function of providing blood
to both the systemtc and pulmonary circulations The exact mode of
supply to the fungs depends upon the status of the sixth arch as indt

cated above The pulmonary arterv may arise from the common Irunk
a short distance above the valves or from the infertor surface of the
aorti, arch of as in the case of Graham and Montgomery (1918} by 2
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small vessel distal to the left subclaviin artery which dwvided mto
branches supplying the left and right lungs Rarely o pulmonary artery
has ansen from the descending aorta In other cases the pulmonary
blood supply may be through bronchial artertes or from anomalous
branches of the and subcl arferies

A defect of the ventricular septum 15 inevitable and 1s usually antertor
to the vestiges of the membranous septum (fig 95} There may be
almost complete absence of the nterventnicular septum The 1nter

o> we

F1e 96 Truncus arteriosus with double aort 2rch
ter Kerwin)

auncular septum may be patent and a persistent ostium primus

been deseribed There may be a night aortic arch The cmf\monx?n?:;
anises astride the septal defect or wholly from the right ventricle depend

sng upon the degree of transposition present and 1n the latter case
there 15 always a septal defect Four cusps were present i the cases of
Preisz (1890) Feller (1931) Humphreys (1932) and Brown {1942y

The cusps are so arsanged that there are two farge lateral cusps from
the sinuses of which the coronary arteries anse and smaller anterioc
and postertor cusps Three cusps with evidence of subdivision of ene
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wusp oceut in the cases of Buchanan (1864) two cases of Feller 1932y
and that of Harms and Thomson (1937) Three cusps only characterize
the cases of Zimmerman (1927) Finley (1930) Lev and Saphur {1942}
consider the essentia} features 10 be the presence of a common vessel
from which anses the aorta pulmonary attery and caronary vessels
The cusps hase been microscopically studied by Roos (1935) and
Brown (1942) who showed them fo differ from normal cusps by the
absence of elastic tssue and ther general structure of myxomatous

Fic 98 Female child aged 2 years Persistont teuncys arteno us

ussue This tindin, was not contirmed by Mareshall (1943) Enlarge
ment 0} the heart is generally present A right aortie arch and a double
aortic arch have been described (g 96) 1n the identical twns reported
by Gustra and Yosti (1939) a complete persistent truncus with three
cusps was assoctated with a true cor bsloculare Two pulmonary
artertes were gnen off the truncus Just above the valve Other examples
of a Lomplete truncus arteriosus are those of Graham and Montgomery
{1938) and Marshalt (1943) In this latter case a large artenal trunk
arose from the left side of the aorta about one 2nd & half wches from
ns origra and duided into a night and lett pulmonary artery (fig 97)

1t thus appears that there 15 00 constant anatomical picture and the
recognition of a case of persistent truncus asteriosus is purely anatom
wal and depends very largely upon the exclunion of the atresia of one
or other great vessel

R
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CLINIcAL PICTURE Cyanosis may be marked but in some cases it
15 only shight It depends upon how the pulmonary crrculation 1s
secured and 15 marked when the pulmonary blood supply 1s derived
through bronchial arteries and slight when 1¢ 1s achteved by pulmenary
arteries ansing from a common trunk The markedly cyanottc case
appears o be more frequent Dyspnoea 1s 2 prominent feature There
are no charactenistic physical signs The heart 15 enlarged to nght and
left Thnlls and murmurs systolic 1n time have been described over

Fig 99 Persistent truncus artenosus i an tofant with
a sittng duck  sithouette

the base of the heart and a diastolic thnil and murmur was present
the case of Finley and of Pezzt and Agostint A machinery murmur m
a lower ntercostal space has been deseribed by Crafoord Murmurs
are often absent The second sound in the pulmonary area is foud and
sharp and very characteristic It 1s never reduplicated It 1s so unitke
the second sound of other forms of cyanotic congenstal heart disease
that its presence 1s very suggestive

RaDpIoLOGY In mnfancy there 1s a cardiac sithouette which 1s very
characteristic of the persistent truncus artertosus The heart 1s grossly
enlarged 1o left and nght enlargement of the left ventricle pushing the
apex upwards There 1s a marhed concavity at the site of the pulmonary
arc and the aorta 1s enlarged with 3 prominent aortic knuckle The
hlar shad are small and pered if there 1s a airculation mamly
through bronchial arteries The general contour of the heart resembles
a situng duch (figs 98 and 99) In the Jeft anterior oblique view the
appearance 1 even more stnking because the upper margtn of t:c
night ventricle projects like a shelf towards the antenor wall of the
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chest With a barum swallow there 15 a displacement of the aorta
backwards towards the spine

In early ciidhood and later there may be hittle to distingussh the
preture from that of the tetralogy (fig 100 @ and 8) This is because the
heart assumes a more vertical position With the growth of the child
So sumilar are the two pictures that 1t may be 1mposstble to be quite
sure about the diagnosis without recourse to cardiac cathetertzation
when ventricular blood will have the same oxygen conteat as blood
from the femoral artery

]
?I_L,r [

Fia 101 Persistent truncus artenosus Female aged
14 years Major deflection downwards 1 all three Jeads

4 1o

ELECTROC AM A few elec di have shown nieht
axts deviation In Finley s (1930) case a female of 22 there was a
marked left axis Personal cases have shown a marked left axis in one
and the mam sentricular complex downwards mn all three leads "r’
another (fig 101) This latter pecuhanity was present i the casc of

hall (1943) (fig 102)
Mgéuuse(mu )szo%;\osxs The average age at death 1s gnen by Abb%n
1931) as 4 years The cases of Finley and of Zimmerman (I9.°%_
survived to the ages 22 and 25 respectuely the [orme[t; d)l':r;fthc
bactenal endocarditts Stegmund s (1928) case dred at 33 Deaf
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result of fatlure ntercurrent disease or bactertal endocarditis Opera
tions of the Barrett Daley type may be benefictal

Diagnosis This may be exceedngly difficult 1n the absence of definite
radtologrcal pointers A catheter 1s generally freely movable 1n the
sventricular cavsty and the pulmonary artery cannot be entered The
angiocardiographic picture shows immediate filling of the aorta and
1 the cases with a bronchial artery circulation delay in filing of the
halar vessels

T
N
el
N
4LI ) 41
iy

"
Al

Fig 107 Electrocardiogram i persistent truncus

arteriosus  The major deflecttons are downward 1n
the three leads Dr R Marshall s case

DEFECTS OF THE AORTIC SEPTUM AND CONGENITAL ANEURYSMS
OF THE SINLSES OF VALSALYA

In these conditions there 15 @ communication between the zorta
above the aortic valves or at one of their sinuses and either the
pulmonary artery or its conus

PATHOGENESIS Where the communication 15 between the aorta and
pulmonary artery above the level of their cusps there has been a failure
m d of the aor 'y septum The
oceurs at sites other than that of the ductus arteriosus Most often the
communication 1s at the base of the aorta generally m the night aortic
stous although 1t may occur in the other two sinuses The opening
may with the y artery above the level of the
pulmonaty cusps or it may open nto the ventrcle at the leve} of or
Just below the pulmonary cusps In the former case the opening corre
sponds morphologically with the foramen of Panizzae of the crocodile
heart whete a foramen exists between the contiguous sinuses of the
right and left aortae Where there exists a communication with the
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pulmonary conus the primary stage of the defect may be a congenttal
ancurysm of the right aortic smus which eusting mustally as a thin
walled sac finally ruptures and creates a fistulous opening into the
night ventricle The frequency with which an aneurysm of the aortic
sinus 15 associated with a defect of the bulbar part of the ventricular
septum suggests that the lesion 15 due to defective development of the
bulbar septum  Abbott (1929) refers to a figure of Tandler (1912) 1n
which there 15 a fuston of the distal butbar swellimgs at the Jevel of the

FIG 107 Common aotto pulmonary trunk Anfero
postennor view (C W C Bam and ¥ Parkinson s
casc}

cusps thus dmniding the aorta from the pulmonary artery com
muntcation existing both above and below the point of fusion

Partial Defects of the tortie Septum

The defect 1s a stmple circular or oval foraman situated i the
antertor wall of the aorta just above the aortic cusps and 1t leads 1:1‘:0
the pulmonary artery Such defects arise at about the pont \\h:rcTh:
distal bulbar swellings merge into the aorticopulmonary septum -
opening 1s not In the situation of the ductus and st 1s not 1o be
sidered as an atypical or abbreviated ductus
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These cases are rare The first reported example may be credited to
Eltiotson (1830) 1 whose case there was an aperture admytling 2 fingec
where the aorta and pulmonary artery are i contact Wilks (1860)
mentions an mfant with a stmilar foramen admitting 2 goose quilt
Hektoen (1901) was able to collect mne cases from the hterature and

e

Fis 104 Common aorto-pulmonary trunk. Aatefior view
showing mterior of sac a4 brachiocephalic frunk & descend
mg thoraciuc gorta ¢ left pulmonary attery p nght
putmonary arfery (C W € Bamand J Parkmson s case}

added one of his own Subsequently cases have been 1

Moorhead and Smuth (1922} and Bamn and Parkinson (?;ggt)td'r‘l)ti
latter case a cyanotw boy of 18 had a defect so large as to von titute
an aortopulmonary sac {figs 103 and 104) The case of Dadds and Hoyle
(1949 also presented an ancurysmal sac due to a wide opening be
tween the aort1 and pulmonary artery just above the valses (fig 105)
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Shepherd Park and Katchell (1944) reported 1 male of 41 who dred m
congestive failure There was an aperture of 2 cm drameter 16 the aorta
above the cusps This led 1nto a sac which projected 1nto the right
ventricle below the pulmonary cusps and 1n addition the sac com
muntcated with the left antertor sinus of Valsalva of the pulmonary
artery by an openmng of 1 ¢m 1 diameter

Quite often 1n the partial defect of the 1oruc septum there 1s a
recogmzable ndge on the posterior wall demarcating a segment of the

Fi 105 Congenttal aortic septal defect  Anterior view
showing aneurysmal sac (Dr Chifford Hoyk s case)

on trunk from which one or both pulmonary arteries may arse
<t:\ur:’“;’mmplc 15 the case of kerwin (1936} an nfant dymg soon nmf:
birth and remarkable because of an assoctated double aortic asc
(fig 96) The pulmonary artery arose as a single large trunk just nbo;e
the smuses of the left anterior and posterior cusps and pl;omglhy
diuded into branches to the might and left lungs respectively ?
truncus atose whoily from the nght ventcle duvsded after 1 c}(:ursc od
about 2 cm nto two equal sized vessels embracing the trachea an‘
oesophagus to reumte posterior mdll;e;c sl:}::cugcsﬂz’]c.zzllh::ﬁ;l;})ic;:;%

otic pirl age: with a dma

glz\so)ur:ﬁ.::d: ccoyi:non tgrun). arose from the nght ventnicle and was
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furnished with three cusps A ndge extended from just above the otign
of the Ieft coronary astery to the openng of a right and left pulmonary
artery Simularly i the case of Brown (1942) there was evidence of 5
spiealty disposed ndge vhich partsally delineated a pulmonary artery

It 35 therefore evident that an aortic septal defect may eust 1 1is
stmplest form as a small aperture between the aorta and pulmonary
artery and by gradatsons assume such dimenstons as to render its
wenttfication from a persistent truncus a difficult matter

The gross pathological result of this particular defect 1s entargement
of the heart the nght ventnicle being predominantly mvolved Dilata
tion of the pulmonary artery under the wfluence of a left to night shunt
may assume aneurysmal proportions but this s a vanable effect
depenchng wpon the size of the defect The defect itself has smooth
edges tn contrast to the more frequent acquired defect w here there 15
always assoctated aortic discase most often an aneurysm of the

aorta Qther 3 defects are rarely presemt Bagn and
Parkinson s case had a common brachiocephahic trunk This absence
of assoctated congemtal defects 1s of interest 1n view of the frequent
I tar septal defect with i anewrysm of the
sight aortic simus

Cunican PreTexe Cyanosis early of lale s mennoned in most
case reports but clubbing 35 unusual though noticed by Bam and
Parksnson Lamttation of activity by dyspnoesa or cardiae distress 1s
almost aiways present Chest pain is frequently mentioned and angina
of effort oceurred i one case at the age of 18 Congestive heart failure
15 @ common terminal event

The physical ssgns are vartable In some cases only a systobic murmur
has been noted at the base In other cases & loud systalic and diastolic
murmur 18 present with or without an zccompanymg thrill The
murmur has been described as continuous more superficzal than that
of the patent ductus arteriosus and s maxirum intensity ss lower and
more to the nght A dwastolie murmur and thrtl! only loudest at the
apex was meattoned by Bawn and Parkinson whoss ¢ase faded (o show
the wide pulse pressure of that of Moorhead and Smith and other
authoss

Ravorocicat Picture This 1s very stoking in the few reported
examples The heart 15 enlarged chiefly to the tight There 1s an enor
mous tounded pulmonary are which gbscuses the aottic knuckle and
renders wanvisible The right pulmonary branch may or may not be
entarged A hilar dance has been noted by Dadds and Hayle {1949}
{figs 105 and 106)

ELpCTROCARDIOGRAM Right axss devation has been noted The ease
of Bain and Patkinson showed a small R and deep S 1n alt three feads

COuRSE AND PROGROSIS The average age at death 15 about 14 years
Rickard s case survived to the age of 31 and that of Moorhead and
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f:mnh fdxed at 48 In these cases the aortic septal defect was small
alvst;‘oer!h:: r;poned cases died 1 nfancy Most of the cases suffer
€ and increasitng cardiac
e g disability and die wm congestive
DiacNosis The strlang X ray picture of cardiac enlargement with
antcnox;!mous pulmonary arc obscuring the aortic knob and pulmonary
ar;ry tlatation 1s very suggestne The picture must however vary
and where the defect 15 small the radiological changes may not be so

FIG 106 Aortic septal defect Male aged 14 Dr Chifford
Hoyle s case

marked The X ray picture may closely resemble that of the auricular
septal defect and distinction from this latter anomaly may be very
difficult The aunscular septal defect 1s rarely if ever accompanied by
the marked physical signs of the aortic septal defect and symptoms
are not so severe

In those cases where a systohic and diastolic mutmur are present a
diagnosts of patent ductus arteriosus may be entertaned The pul
monary artery in the ductus only rarely assumes the prominence that
1t does In the aortic septal defect The murmur of aortic septal defect
1s louder and more superficial than that of the ductus and at a lower
site Cyanosts 1s rare 1 the patent ductus and only occurs 1t a few
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cases complicated by pulmonary artenolar sclerosis A right axis
the electrocardhogram 1s of great ranity sn the patent ductus

Congenital Aneurysm of the Sinuses of Valsalva

In this anomaly the commumcation s oetwcen the aorta and the
conus of the pulmonasy astery and conssts usually of a small anewrysey
of the nght sinns of Valsatia wath a perforation at its tp Some con
fuston easts m the romenciature of the sinuses of Valsahva The three
smuses are best described as ripht left and postersor the latter being
the nou coronary sinus The right smus 1s refated to the nght auncle
and ventricle The left stnus 1s externat 1o the eft ventncle and of the
three smuses s ¥he most accessible to X 1y he p
Qon cofanary staus 15 antertat to the right and left aveicles These

1 rel. Fips determme the d sn which an anewrysm

wifl extend Aneurysm of an aortic sinus must not be confused with an
aneurysm of the iterventnicular septum which anses at a quite different
situation but equally ruptuces o the nght aurxcle o ventricle In
about hailf of the reported cases there 13 a smalt defect of the antenor
portion of the septurm (bulbar septal defect) just below the ageurysm
Abbott s (1919) case s 3 well known example where an aneurysm of
the right sinus projected as a funne! shaped tobe mto the conus of the
might ventricle and directly below this there was a septal defect
Infective endocardstis to which these cases in geperal ate vilnerable
savolved the walls and margins of the aneurysm the septal defect and
the wall of the pulmaenary conus opposite the aneurysm indrcating
that there was a shunt from left to right In the case of Shepherd Park
and hatchell {1944) a male negro of 41 st seemed that the aneurysm
ruptured snto the pulmonary artery late n hfe There was a foramen
2cm 1 dsarneter above the junchion of the night cotonary and posterior
cusps and ihas 4 wath the ¥ artery By an opemng
i &m wide n the lelt sinus of the pulmonary artery The sac of the
aneurysm bulged wnto the nght ventncle just below the pulmonary
cusps Thecase of Herson and Symons (1946} (figs 109 and £ 10) exhtbit
€4 an aneurysm of the right and postecior sinuses that of the postertor
sinys Jeading into the nght avncle just above the seplal cusp of the trt
cusptd valve There was an sterventricular sepral defect which also led
nto the tricusprd valve Macleod s (1944) case a man of 54 showed a
fistula from the right aortic stwus leading to the right aumcle at the
point of junction of the anterior and septal cusps of the tereuspyd valve
Hirschboeck s {1942) case showed an aneurysm onginating 1o the night
sinus and extending through the wall of the ventricle 1nto the nght
auncle at the ticuspid onfice There was 2 ruduventary posterios
a0rHIe LUSp

An anewrysm of aft three sinuses 15 a very rare abnormality Only
five such cases are known The most recent s that of Micks (1940) 1
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2 male of 25 (fig 107) Autopsy disclosed an enlarged heart Each sinus
was expanded to a large aneurysm or pouch The pouch of the left
sinus was visible as a swelling of the left of the pulmonary artery and
on the left cardiac border and was the largest of the three aneurysms
The aneurysms were deep and extended downwards excavating the
aortic vestibule The patient died of acute heart failure and complete
heart block

Congenttal aneurysms of the smuses whether single or multiple

Fio 107 Congenntal ancurysm of all three sinuses of Valsalva a part of left

auricle B cavity of left sings cut across ¢ openung of left sinus with orifice of

Jeft coronary Just above D opening of night swaus with right coronary orifice

Just above € opemng of posterior sinus F_left sinus cut across G cavity of
left auricle Courtesy of Dr R H Mick!

may occur without associated septal defect They may have a certain
medico legal importance as they may be associited with sudden and
unexpected death as exemphfied by the following two personaf (un
published) cases A large aneurysm of the mght sinus of Valsalva which
pmj:c!ed into the night auncle and ventricle 1n & young man of 27
ruptured 1nto the pencardium death occurring during sleep Sinnfarly
w a gl of 15 with congenital aneurysms of all three sinuses un
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expected rupture of an aaeurysm 1nto the perrcardium caused death
(fig 108)

€unicat Pictire The shunt through an aortic septat defect or
through a ruptured aneurysm of the right sinus 15 from left to right
and cyanosts 1s therefore absent unless 1t appears as a terminal event
or under other circumstances such as fature or secondary pulmonary
sascular changes which mught lead 1o reversal of flow through the
shunt

Fi6 108 Congenstal aneurysm of the sinuses of Valsalv2 An aneurysm s

present at each of the three siuses Aortc cusps gmssly thickened dilata

non ascending aorta_ The left ventricle has been opened posteriorly
Female aged 15 Sudden death from ruptute mto lh: peacardum

In the aneurysm of an aortic siaus the conditton may be enticely
latent and signs and p! only appeaning when
rupture of the aneurysm takes place In Abbott » (1919) case symptoms
suddenly appeared after strain and this was thought to correspond to
the perforation of a hitherto latent aneurysm A stoular eventuality
characterizes the cases of Goehring (19.0) Hieschboeck (1942) Macleod
{1944) and Shepherd et af (1944) In some cases there may be the signs
of the interventricular septal defect which may accompany an aneurysm
An exacerbation of these signs and the development of severe and
urgent symptoms such as pain dysprioea orthopnoea or the appear
ance of a murmur of different characters than ntherto or of a diastolic
murmur are suggestive findings In Herson s (1946) case there was a




~:
F16 109 Aneurysm of posterior smus of Valsalva Right auricle and Ihcuspd valve

Arrow pomnts to a ruptured aneurysm Onfice of ventricular septal defect is immed
1ately below the aneurysm (Dr R Herson s case)

’

_..z’;d

¢ The sinuses from
fect Lies below the

T TR VY .-
110 Ancurysm of posterior sinus of Valsalva Aorti. valy

)‘:"(x- 10 nght are” night posterior and left ventricular septal de
fused right and posterior cusps (Dr R Herson s casel
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rough roaring systolic murmur Joudest over the tricusprd area heard
as well in the mitral ares with a blood pressure of 20040 Macleod s
case presented an aoruc systohic thrit and a harsh systolic murmur
over the left chest loudest in the aortic area A harsh systohe murmur
with apical systolic thrill a parasternal diastolic murmur and a blood
pressure of 300-200/0 was present 1 Hirschboeck s case Shepherd s
case showed a continuous rearing murmur over the aortic area with
signs of faiture A low drastolic pressore reflects the large shunt but st
15 not always as low as 1 the cases above Enlargement of the heart
1s always present after rupture of an aneurysm has occurred

Raptorouy Little 15 so far known of the radwlogral prcture It
should be possible to detect an ancurysm of the left sinus and probably
of the ight The heart 1s enlarged to the right

ECECTROCARDIOGRAM  There 15 no typral electrocardiographic
picture  Encroachment of the aneurysm upon the mterventricular
septum may cause conductton defects Complete heart block ovcurred
mn the case of Mtcks (1940) and Duras (1944) Nodal rhythm and a
nght axs was present m Herson s case and nght avis wmith T wave
changes 1n the case of Huschboeck Auricular fibrillation was present
m Macleod s case

DiaGnOsIs An aneurysm of an aortic sinus 1s a diffienlt diagnosis 1n
the absence of positnve radiological evidence or signs of pressure on
neighbouning structures It can be suspected when thete suddenly
appears 1n a previously healthy case such events as rapid heart failure
and the appearance of a systolc and drastohic bruit not previously
present



CHAPTER XVII

TRANSPOSITION OF THE GREAT VESSELS
AND COMPLETE TRANSPOSITION

In transposttion of the artersal trunks the great vessels are altered 1
their relation to each other or to thewr respective ventrscles Abbott
(1927) states that chinges take place 1n the relative posttion of the
vessels and their ventricles whereby the aorta comes to lie in the path
of the unaerated blood from the right ventricle The general result 1s
that the aorta comes to lie antertorly and n relation to the right
ventricle

The earhest observation of transposition of the vessels where the
aorta arose from both ventricles 1s probably that of Stenonis (1671)
In s case there was a narrow pulmonary artery ind a large ter
ventricular septal defect Hare hip and cleft palate were associated
anomalies A similar case was described by Sandifort (1777) The aorta
sprang from both ventricles arteria itaque aorta enascebatur ex
ventriculis ambobus et sanquinem ex utroque accepere debebat He
also described the narrow pulmonary artery with two cusps and n
reality furmished the first accurate account of the anatomy of the
tetralogy of Fallot Meckel (1812) noted the resemblance of the mal
formed human heart to that of the lower vertebrates and suggested an
ongmn by fallure of development at an early stage kurschner (1837)
observed that 1n transposition of the vessels there was a reduction in
or a lack of the normal spiral twist of the pulmonary artery about the
aorta Meyer (1857) explained transposition as due to an arrest of
development at a stage before the vessels have assumed their spiral
course Nearly all the earlier observations seem to be concerned with
an 1 b pul y stenosts and an 1nter
ventrieular septal defect Meyer and Peacock (1866) thought that the
primary event was an inflammatory pulmonary stenosts at an early
stage and that this by causing a raised pressure in the night ventricle
forced the developing interventricular septum to the left and thus
caused the aorta to emerge wholly or 1n part from the night ventricle
Where pulmonary stenosis was absent Peacock attnbuted the anomaly
to faulty development of the aorta and pulmonary artery from the
primitive truncus The production of this form of malformation 1s to
be ascribed to the irregular divison of the arterial trunk so that the
pranchal arches ordmanly associated with the portion which becomes
the aorta ate 1n connection with the pulmonary artery This deviation
from the natural development may take place either after the septum

258
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of the ventricle 1s completed or while the growth of the septém 1s 1n
proeress so that the transposition may insolve the ventricle as well as
the vessels

Peacock s Work was much 1n advance of his time He preceded
Spitzer 1n his recogmtion that a septal defect at 1ts usual site corre-
sponded to the foramen between the aortic ventricles of the turtle
feart He also stated 1hat the sinps and infundibular poritons of the
1t htventricle were homologous with the nght systemyc and pulmonary
ventricles of the turtle Further he sugeested that 1n cases where both
aunicles communicated with the left ventnicle in certain cases of trans
posttion the mfundibutar portion of the nght ventricle has been cut
off by a septum at wts point of umon with the sinus of the ventncle
that 1s to say there has been a regression of the true interventricular
septum

Rokatansky (1875) constdered that every type of transposition could
be cxplamed on the baus of an abnormal development of the bulbar
septum this being the primary event and pulmonary stenosts and an
Interventricular septal defect were a necessary secondary seéquence
Deviation of the aortic septum to the left resulted 1n a dextroposed or
nding aorta and at the same time narrowing of the pulmaonary artery
Saused pulmonary stenosis An Interventnicular septal defect occurred
becawse of failure of the mterventricular septum to meet the abaormally
Placed aortic septum  All the other forms of transposttion were he
Stated the result of abnotmal rotation of the aortic septum which
Being unable to meet the intersentricular septum resulted 1n one or
both vessels apparently ansmg from the wrong ventnicle This work
was a landmark 1 the history of congenstal heart disease and t 1s all
the more remarkable because 1t allowed Rokitansky to foresee
anomaties that he had not already observed Subsequently for some
years workers produced vanants of Rokitansky s essentral thesis
Keith s (1909) contribution 15 tmportant because more recent work
tends to bear out s conclusion that abnormal absorption of the
bulbus resulted 1n transposition In transposition the aortic portion
of the bulbus expands and the pulmonary portion atrophtes and such
a process the exact opposite of that which occurs normalty results
an aofta anteriorly placed and 1n the right ventricle Robertson (1913)
after studying the comparative anatomy of the bulbus was mainly 19
accord with Rokitansky s theory She suggested that if the buibus
developed as a straight tube devoid of changes in its middle part there
would be no torsion of the aortic septum This would allow the aortic
septum to descend and join the proumal bulbar swellings Jeft 1o Jeft
end and night to night end 1f vanious postons of the proximal bulbar

suellings were poswble all the types of transposition could be
reproduced

Spitzer (1923) has ned hyl
s

on on a basis
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As the amimal scale s ascended and the lung breathing types 1ppear
so also does septation of the heart become more and more developed
1n accordance with the y by a pul y I
of keeptng 1t and the systematic circulation apart Actually the
development of a pulmonary ctrculation furnishes an 1mpetus to
development because of forces inherent 1 the blood stream and 15
responsible for the formation of the bulboventricular loop torsion and
septatton

These hydrodynamic factors are a continuous hydraulic pressure
the pressure of a continually pulsating flow and the effects of an
mcreasing volume of the circulation The primitive cardiac tube 1s not
only stretched and widened but because 1t 1s fixed at both ends 1t 1s
lengthened and bent to form a loop Further because of the fivation
of the tube at both ends torston to the rght occurs at the bulbo
ventricular end and detorsion at the opposite venous end This for
Spitzer 15 the critral stage 1n cardiac development for if torston did
not occur the two circulations would be side by side and there would
be a straight septum Spitzer pomnts out that there are increasing
degrees of torston as the ammal scale 1s ascended 1t being much less
1a the reptue than in the mammal Peacock Keith and many others
have previously remarked the essential stmilarity of the deformed
human heart to the heart of the lower vertebrates

Spitzer observed that the mod: band (trabecula sep ginalts)
in the night sentricle was morphologrcally similar to the muscular
ridges derived from the septum aorticopulmonale 1n the reptilian heart
He also indicated that m the human heart especiaily m childhood
there 1s an area lying between the crista supraventriculans and the
anterior tricusptd ledge which represents in the human heart the out
flow part of the repttlian right aorta In the human heart the reptiian
right aorta 1s obliterated by the normal clockwise torsion of the
primitive cardiac tube As evidence of the normal clockwise torsion he
adduces the spiral vourse of the bulbar cushions and the winding about
each other of the aorta and pulmonary artery If however this torsion
1s defictent or entirely arrested as it may be in grave anomalies the
result 1s that the various parts are brought out of their normal relation
ship with consequent ultimate anatomical malformation According 10
Spitzer incomplete torston leads to fuston of the primary bulbar septa
and a reopemng of the right repiilian aorta with obliteration ol the Teft
& Iy the aorta in tr 1s not a posed aorta but
a reopened fipht aorta In lesser grades of detorsion there may be
partial perststence of both trunks whtch then fuse and give rise to an
abnormally large aorta as in the nding aorta of the tetralogy of Fallot
Spitzer explatns the presence of a bicusprd pulmonary salve the alm(;:l
constant cancomstant of the tetralogy as due o a persisience of the
septilian state where normally the great trunks are bicuspid
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Spitzer s main contributions have been summanzed by Licbow and
McFarland (1941) as follows
(1) Emphasts on the part played by the advent of a pulmonary cireu
Jation during the transtion from an aquatic to a terrestrial
habitat 1n causing torsion
(2) The principle of torsion 1n septation of the heart so that crossing
of the pull y and systemic circul: occurs with a mus
cular cardiac chamber for each circulation This 1s more effective
than the tandem ar 1 the gill I} of fishes
(3) The of arud y night aorta h ! 1o that
of reptiles the crista supraventriculans bemng a guide to the
position of this rudiment
(4) Certain septums may be the result of hypertrophy of such
structures as the crista supraventriculans tricuspid Jedges or
bulboatrial ledge with regression of the true interventricular
septum owing to haemodynamic changes
(5) Detorston with reopening of the right reptilian aorta
(6) Establishment of four main types of transposition dependent
upon the depree of torsion
(7} Emphasts on the fact that in no case 1s there a true transposition
of any great vessel aristng from the night side of the heart 1o the
left 1f the position of the true mterventricular septum 1s used as
the plane of reference
Spitzer s theory has found general acceptance but recently 1t has
been cnticized by Lev and Saphir {1937) on the grounds that while it
explams admurably the anatomical facts 1t fails to explain adequately
Just how these changes are brought about The general trend of recent
work (Pernkopf and Wirtinger 1935) 1s to show by studies 1 com
parative anatomy that abnormalities are not so much the result of
abnormal torsion of the bulboventricular area but are equally related
to abnormal absorption of the bulbus This 1s in harmony with the
conclusion of Keith (1909) though there 15 2 difference m the method
of 1ts accomplishment Lev and Saphir have carried the matter further
and after a study of their cases of transpositton have concluded that
an abnormality i the bulbo auricular spur area and thus an abnor
mality of bulbar ab: 15 a fund. 1 cause of
For a fuller discussion of this work and its interpretation the reader
15 referred to the oniginal paper of Lev and Saphir
CLASSIFICATION OF TRANSPOSITION The earliest classification 1s that
of Rokitansky (1875) He formulates two schemes In Scheme A the
interventricular septum unites with the aortic septum so that although
the vessels are allered tn their posttions as regards each other they still
anse from their respective ventricles There 15 thus a corrected
transposition
In Scheme B the transposed vessels anse from reversed ventricles
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As the antmal scale 15 ascended and the lung breathing types appear
50 also does septatton of the heart become more and more developed
1 accordance with the necessity rmposed by a pul y L
of keeping it and the systematic circulation apart Actually the
development of a pulmonary circulation furmshes an mpetus to
development because of forces inherent 1n the blood stream and 1s
responsible for the formatton of the bulboventncular loop torsion and
septation

These hydrodynamic factors are a conttnuous hydraulic pressure
the pressure of a continually pulsating flow and the effects of an
in¢reastng volume of the circulation The primutive cardiac tube ts not
only stretched and widened but because 1t 15 fixed at both ends it 15
lengthened and bent to form a loop Further because of the fixation
of the tube at both ends torston to the nght occurs at the bulbo
ventricular end and detorsion at the opposite venous end This for
Spitzer 1s the critical stage 1n cardiac development for if torston did
not occur the two ctrculations would be side by side and there would
be a straight septum Spitzer points out that there are increasing
degrees of torsion as the ammal scale 1s ascended 1t being much less
1n the reptile than 1n the mammal Peacock Keith and many others
have previously remarked the essenttal sumlarity of the deformed
human heart to the heart of the lower vertebrates

Spitzer observed that the moderator band (trabectla septomargtnahs)
1n the right ventricle was morphologically similar to the muscular
ridges dertved from the septum aorticopulmonale 1n the reptihan heart
He also indicated that m the human heart espectally in childhood
there 1s an area lying between the crista supraventriculans and the
anterior tricuspid ledge which represents 1n the human heart the out
flow part of the reptillan night aorta In the human heart the reptihian
night aorta 1s obliterated by the normal clockwise torsion of the
primitive cardiac tube As evidence of the normal clockwise torsion he
adduces the spiral course of the bulbar cushions and the winding about
each other of the aorta and pulmonary artery If however this Iorslﬁn
1s deficient or entirely arrested as 1t may be tn grave anomalies b
result 1s that the vanious parts are brought out of therr normal rcla!wknn
ship wath consequent ultimate anatomical malformation According -
Spitzer 1incomplete torsion leads to fuston of the primary bulbar ’;p
and a reopening of the right reptilian aorta with obhtera!lcg of the ;“‘
Ca ly the aorta n D 15 not a transy aorta be
es of detorsion there may

a reopened night aorta In lesser yrad 1028
partial persistence of both trunks which then fuse and gne n;cFaHoi
abnormally large aorta as in the nding aorta of the lclmlcg"; 2most
Sputzer explains the presence of a bicusptd pulmonary vahe the of the
constant concomitant of the tetralogy as due to a persistence
reptilian state where normally the great trunks are bicuspid
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Spitzer s ma contributions hase been summanized by Licbow and
McFatland (1941) as follows
(1) gm;\h(wg an the pact glayed by the adsent of a pu!mon!ary f;‘f:‘“;l
Jation dunng the transon from an agpatic o a terre
Abitat 1 caustug torsion
v}y 27‘,2 ;;nxélpxc of %umon 1 septation of the heart so that erossing
of the pulmanary and systemnc erculations occurs with 3 mus
culr cardtac chamber for each circnlation This 1s more effective
than the tandem arrangement w the pit cuculation of fishes
(3) The recopratian of 2 tudinentary right aorta homologous to that
of repules the cftsta supraventriculans beng 2 ginde to the
pasttton of this rudiment
(4) Certats. Septums may be the result of Rypertrophy of such
structures as the ensta supeavemriculatss tricusprd fedges or
bulboatnal ledge with regresston of the true interventricular
septum owng 10 haemodynanie changes
5} Detorston with reopensng of the nghl reptthan sotta
(6) Estabbishment of four mam types of transpostiion dependent
upon the degree of torsion
(7) Exaphasts on the fact that wn 0o case 15 there a true transposiian
of any great vessel ansing frem the nght side of the heart to the
Jeft 1f the position of the true mlenventricular septum 1s used as
the plane of seference
Spitzer s theory bas found general acesptance but recently 1 has
been erticized by Lev and Saphir (1937) on the grounds that while 1t
explains admrably the anatemical facts 1t farls 1o explasn adequatety
sust how these changes are brought about The general trend of recent
work (Parnkopf and Wirtinger 1935) s to show by studies in com
parathe snatomy that abnormabities are not so much the result of
abnortnal torston of the bulbaventricular ates but ace equally refated
to abnormal absorption of the bulbus This 15 1w harmony with the
conctuston of Keith {1909) though there s a difference in the method
of tts accomplishment Lev and Saphit have carred the matter further
and after 2 study of their cases of transpostion have concluded that
an abnormality tn the bulbo auncular spus area and thus an abnor
mality of bulbar Ba t canse of transp
For a fuller discusyion of this work and 1ts wterpretation the reader
18 referred 1o the oniginal paper of Lev and Saphir
CLASMFICATION ©F TRANSPOSITION The earliest classification 1s that
of Rokitansky (1875) He formulates two scheres In Scheme A the
wmterventricular Septunt umites wath the aortie septum 5o that although
the vessels ate alteced 1 thewr posttions as regards each other they ststl
arise (rom their respectng ventricles There ss thus a  corrected

iranspontron

In Scheme B the trausposed vessels arise from seversed ventacles
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and the transposition 1s uncorrected The type of this group which 1s
the largest 1s lete transy n o tr. vera where the
dorta atises from the right ventricle and the pulmonary artery from the
left These two schemes are subdisrded m considerable detal and
certatn of the possible vaneties Rokitansky had never seen

Vierordt (1901) divided the types broadly nto complete corrected
and partial transposition In the latter both vessels arise from the same
ventricle but 1n reversed relations Thts classification 1s convement and
one that 1s often used

Spitzer drvided cases of transposition nto five groups These are

TyPE 1 Devirgposition of the Aorta The aorta lies astride a high
Interventricular septal defect and because of tuston of the right and
left aortas 1t 1s larger than normal There 1s counter clockwise rotation
of the coronary cusps The crista supraventricularis s hypertrophied
and 1n some cases 1t fuses with the anterior part of the mterventricular
septum to obliterate the pulmonary conus (pulmonary atresta) The
pulmonary valve 15 bicusprd and the pulmonary artery stenosed or
there 1s atresia of its onfice

Tyre 2 Simple Tronsposuion In Spizer s view this 1s not a true
transposttion The aorta artses more to the right and the pulmonary
artery more to the left Detorsion removes the left aorta from the left
ventricle and consequently it disappears The right aorta lying over the
nght ventricle reopens Both aorta and pulmonary artery arise from
the night ventricle The pulmonary artery 1s breuspid and stenotic: The
coronary artertes are rotated more counter clockwise than i Type |
The cnsta supraventriculans 1s hypertrophted and may have the
appearance of an accessory septum Some cases of the tetralogy come
mto this category and in a few cases there 1s no pulmonary stenosts
(Eisenmenger complex)

Type 3 Crossed Transp {(Complete Tr of Rokuanshy}
The night aorta 15 opened and the left closed The aorta arses from the
night ventnicle and the pulmonary artery from the left The vessels
appear with the aorta antersor and the pulmonary artery postenor
and they run more or less parallel upwards

Tyee 4 VMixed Transposition The eneral type 1s that of the cor
buatnatum triloculare The true tnterventricular septum is absent and
an anomalous septum formed by the crista supraventriculans and
tacusped ledge cuts off a small chamber from the nght upper part of

the common ventnicle From this small chamber artses the right dorta
hip o the pull y artery which arses from

# aurrceloventricular ofifices open into the

1 transp T
the common ‘entricle Bot
common ventricle

Tyve 5 Imerse forms of the abore

More recently Lev and Saphir have proposed a new classification as

follows
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(1) Riding aorta with aneurysm of the membranous septum

{2) Riding aorta with an mterventricular septal defect

(3) Aorta and pulmonary artery arsse from the right venticle

(4) Complete transposition

(5) Misceltaneous group

A glance a1 this latter classification will show that alf degrees of
transposition Tay be present from the estreme or complete form
{transposstso \era) down to the minar deprees of transposition extubited
1 an aneurysm of the ous septum Transp witt usually
sctude the bulk of anomakes assocated with an mnterventricular septal
defect where the aorta anses wholly or partially fram the night ventricle
A truncus arteriosus communis comes 1ato the same category

A number of the types of transposttion mentioned above are more
fulty d under their app head: and 1o these reference
should be made

Complete Transposition of the Great Vessels

in complete transposition of the great vessels the aorta artses from
the night ventricle and the pulmonary artery from the left ventricle
Both acrta and pulmonary artery are normaily developed and conse
quently the chuweal preture differs tery conuderably from those
abnormalities where transposttton of the vessels 1s accompanied by
pulmonary of a0ftic stendsis of atresta

The exact embryological cause of transposition of the vessels remains
obscure but all investigators explan 1t as a purely developmentat
abnormalty Keith (1909) considered 1t to be due to malabsorption of
the bulbus Lev and Saphir (1337) pastulate that an abrormality o the
bultboaurscular spur area whch allows increased detorsien at the
proximal bulbar osttum and so ehmmates the necessity for torsion at
the distal ostrum 15 the hikely explanation The reader 1s referred to the
work of Lev and Saphir and Farber and Hubbard (1939) for 2
complete discussion of the vanious theones of transposition

Cormplete transposition of the vessels 5s a not uncommeon abnor
mahty This 1s because 1 foetal hie the fact of transposition has hntle
effect upon the foetus ard 1t 15 only after birth that the abnormality
becomes apparent Survival of the chiid 1s then dependent upon the
persistence of the foetal opentngs the ductus arteriosss and the
foramen ovale and above all upon the presence of an interventricular
septal defect

CircuLaTion The m 1 15 such that
the systeauc circulation 18 mawtaned by (he nght ventnele and the
pulmonary circulation by the Jeft sentuigle Venous blood enters the
night suncle passes mto the nght ventnele thence into the aorta and
systemic cremt The pulmonary vems return blood to the left auncle
hence to the left ventricle and this Blood s rearculated 10 the pul
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manary system Survival 15 only possible if there 1s 2 means of admix
ture of blood between the two ctremts Accordingly 1t 1s imperatne
that there should be either a patent ductus arteriosus a patent foramen
ovale or a defect ot the mnterventricular septum or some combination
of these As a result of the shunts through these persistent orifices the
heart which 15 normal i size at birth rapidly increases 1n size
ANATOMY The heart 1n complete transposition of the vessels 1s a
stnking object yet may easily be overlooked especially as the heart 15

Frc 111 Complete transposition with mtact ventricular septum and closed
ductus arteriosus Specimen from a sullboen ¢hild with spina bifida

small at birth The aorta anses anteniorly and to the nght and the
pulmonary artery posteniorly The vessels ascend from the heart more
or less parallel with each other The coronary openings are situated 1n
the two postertor smuses of Valsalva and the distribution of the
artertes 15 abnormal (fig 111)

The right ventricle 1s the same thickness as or thicker than the left
ventricle The pars membranacea 1s muscular There may be a high
nterventricular septal defect a patent ductus or a patent foramen ovale
or auncular septal defect (figs 112 and 113) Where a ventnicular septal
defect coeussts the pulmonary artery may override the defect In those
cases where the defect 1s small or but moderate m size 1t may be a
distinct physiological advantage to the individual In effect 1t means
that venous blood from the nght ventricle may be shuated directly into
the pulmonary artery and so reach the lungs for oxygenation

In cases which have sunived for more then a few weeks the heart
becomes entarged and has a rather globular configuration

CuivicaL FEATURES Cyanosts 1s the logical outcome of the anatomical
abnormality for an aorta anising wholly from the night sentricle passes
venous blood 1nto the systemic circulation The only oxygenated blood
that can reach the right ventricle 15 that shunted from the Icft ventricle

through an mtersentricular septal defect Cyanosts therefore 15 evident
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within a few hours of birth and 1s rapidly progresyne and soon becomes
sntense It may be migated 10 a shght oxient where there s a ventricular
septal defect or a widely patent ductus arteniosus In all cases cyanoss
early becomes permanent and progressive and if survival 35 fong
enough clubbiag and polycythaemia develop 3t 15 an snteresting
obsenyation that cyanosss 15 bess marked in the fegs i those cases where
a patemt ductus arterosus caTyIng otypenated blood 1s continuous
with the descending aorta

Fio 112 Transposion of the tessels with venircular septal defect ang
bicaspid putmanaty vatve

The heart s normal 1 size at bt and of the infant survives
rapdly enlarges the enlargement mvolving particulssly the nght side
The left side also enlarges if there 1s a patent ductus artertosus byt not
1o the extent of the nght which Iatier side turnes the burden of the
systemue crculation The auscultatory signs are not charactersstic
There way be 2 systolic murmur depending upon the assocated
abnormalities and the pressure changes that they produce n the cham
trers Tather than upen the actual fact of transposigon A murvar may
not be present at all and murmurs cannot be sehed upon to give any
diagnostic help

Rapoweay The radsol } picture of plete ¢ has
been dehneated by Taussig {1938) The heart 15 enlarged ta both nght
and left but nght wded enlargement predominates The Tight auricle
15 ofien very distended Yo the anteroposserior view the shadow
normally caused by the pulmonary conus tends to be absent with the
result that there tends to be 2 concawsty of the upper teft border This
is Turther emphastzed by the postiton of the aoria in Eront of the

s
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pulmonary artery causing the vascular pedicle to be narrow although
this finding may be to some extent obscured by a grossly distended
supertor vena cava (fig 114) In the left oblique view the aorta and
pulmonary artery lie parallel to each other and the vascular pedicle 1s
accordmgly widened The origin of the pulmonary artery from the left
(systemic) ventricle leads to an appearance of 1dequate vasculanty of
the lung fields and later to evidence of congestion in the lung fields
Some difficulty may artse 1n relation to those cases where a pulmonary

Pl ~ "
A 4k
. /m

enspopition of 1e.sels E
erventrienlar “ertal .
ifect Blcuspld vul velve F pumts

Fic 113 Transposttion of the vessels with sentecular
septal defect Pulmonary valve bicuspid  Marked
cyanosis from birth

rrides 4 ventricular septal defect Because in these circum
z:;:rcisul‘h:c pulmonary artery 15 of normal size or cven shehtly la;g:r
than normal thete may be promnence of the left upper cnrdm}f border
and the general appearances may closely resemble those of the El‘s):’rsx
menger complex  Screen examination discloses falar puIsanonI o
tinction of this type of case will have 1o be made mainly upon chin
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grounds and 1t may be taken as essentially correct that whereas tn the
Eisenmenger complex cyanosis 15 late 1n appearance 1 transposition
of the vessels cyanosis 1s evident at birth and increases with the age of
the subject Angiocard hy has been employed successfully by
Goodwin Stetner and Wayne (1949) Their pictures clearly demon
strate that the apparently enlarged puimonary conus in the comven
tional anteroposterior radiogram was in fact the ascendmng aorta
anstng from the night ventricle

Fig 114 Tt of the vessels with 1!

septal defect Male aged 20 years

ELECTROCARDIOGRAM The electrocardiogram commonly shows 2

;xgrht axis (?g 115) but occasionally there 1s sufficient enlargement of the
eft ventricle to negative thus finding A case of this latter t

Schnitker (1940) yeeisciedby
DiagNosts Diagnosts 1s essenttally radiologteal and 1

n the cyanotic

case the entical 'ﬁndmg 15 evidence of an enlarged heart an adequate

y and changes 1n the Iung fields Apart
from this a nacrow vascutar pedicle in the posteroan(:no§ view b:cgm
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ing wider on rotation to the left oblique view 1s charactersstic In the
mfant there 1s usually concavity at the site of the pulmonary are
Diagnosis becomes more difficult 1n those cases that have survnied the
first few years of ife and who may present a defimte promumnence of the
{ 'y are and radiol t findings not ¢ tar to those of the
E; 2 lex In these cir the paramount clmnical
point 1s that cyanosts has exssted from birth 1n those cases with trans
positton whereas in the Eisenmenger case cyanosis develops later A

farnnbe
=

s A A

Fic {15 Transposition of the vessels with veatnewtar
septal defect Male aged 13 years Marked rght axis
Talt P waves

Turther potnt of distinction would be that m transposition exercise
results sn a fall 1n oxygen consumption whercas yn the Eisenmeneer
there 1s an Increase 1 oxygen Ce ption per litre of 1

COURSE AND PROGNOSIS In plete tr Treved by 2
septal defect death usually takes place in the first few days or weeks of
Ife although one case survived to the age of 11 When there 1s 2
ventricular septal defect Abbott finds the average ape at death to be
2 75 years Excep I cases of 1 with a ventricular septal
defect may Iive unul the second decade or later Survival 1n these cases
may depend upon the posttion of the pulmonary artery which may
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advantageously override a hugh septal defect or upon the size af the
defect atself

Teeatmeny f{anton and Blalock (1948) have begun experiments i
the sutgery of transposition of the vessels The pulmonaty vems are
anastomosed to the Supenior vena cava at the opemng af the azygos
san an ther expenmental anumals The successful results of these
aperations canses the authors fo contlude that the opesation might be
feastble sn man and ofiec a possible approoch to the amehoratron of
complete transposttion of the vessels

Fio {16 Corrected reansposion Aateror sentrile opened
tcuspnd auriculoventrcutar saive

Corrected Transposition

In corrected transposstion the vessels are fransposed the aorta
fying in front and pulmonary artery behmd but 1 spite of thes trans
posihion they are placed m therr respective ventnicles There 1s generally
an wterventrcualar septal defect and the mutral and tricuspid vahves are

d The 1 d peesent 1§ well diusteated by an
unpubleshed case of the awthar (figs 116 and 117} In a female child of
10 months with Lattle s disease the heart was enfarged The aorta tay
w frons and the pulmonary artery behind The aorta opened wnto z
smatl anterior ventrcle which commumeated with the Ieft auncle by
a valve with tvo cusps The pulmonary artery opened mio a large
postenor ventncle which formed the whole apex of the heart and which
communicated with the right auncle by a tricuspid onfice The ductus
arteniosus was Closed and shight coarctation was preseat Just below
the aortic valves there was a round defect of the ventrenlar septum
The left auncle recetsed two nght and one feft pulmonary vens The
nght auricle Tecerved a normal supcrior and nfertor vena cava and an
additional left supenor vena cava winch descended to the left of the
aoria and ran along the Tower margin of the left auncle m the auariculo
ventricular groove to reach the night auricle The foramen ovale was
closed A ssmdar case ts desenibed and figured by Therermun (1895} and
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also by Rokutansky More recently cases have be 11
(1931) and Carns Rutchte and M{xsser (1941) e described by Stefa
Not the least interesting feature of several of the reported cases Is
that the correction of the transposttton by the interventricular septum
18 apparently negatived by the transp of the auricul seular
valves for a tricusprd valve 1s the hall mark of a venous ventricle as 1
the mitral valve of an artertal ventricle No adequate explanation of
this 1s as yet forthcomng and 1t cannot be explained by Spitzer s

Fie 117 Corrected transposibon Female aged 10 months
Anterior and posterior views The dotted ltne indicates the
itmuts of the anterior arterial ventricle

theory Rokitansky concetved erght possible variations of corrected
transposition but Spitzer avers that he has never seen an example

CLINICAL PICTURE There are no definite features to distinguish these
cases during hfe and diagnosis 15 usually made at autopsy In the
author s case there were no symptoms or physical signs In Steyfa s
case which attained early adult iife there was dyspnoea on exettion
cyanosts and enlarpement of the heart A loud systolic murmur was
heard over the heart and was loudest 1n the second left space

RADIOLOGY In the author s case there was some general enlarpement
of the heart and the vascular pedicle appeared to be smatt In Steyfa s
case there was no cnlargement of the heart but there was a large
pulmonary arc

ELECTROCARDIOGRAM Left bundle branch block was present n
Steyfa s case Complete heart block and a Jeft avis was present ta the

case of Abbott (1936)



CHAPTER XVIII

DENTROCARDIA

Destrocardia 1s the term applied to those cases 10 which the heart
assumes a posttion 1n the nght stde of the chest with 1ts apex powting
to the right The destgnation detrocardia 1s properly teserved for those
cases where the posttion of the heart 1s the result of 2 developmental
abnormality and not due to disease ot other changes in the adjacent
structures

Dextrocardia was first noted by Sevennus (1643} 1n complete situs
snversus and 15 thus one of the earhest recognized heart abnormalitses
Senac (1749) acquired and ! types Boulland (1835)

i d between p and displ: of the heart
and first recognized 1solated dextrocardia chncally

The cause of dextrocardta 1 obscure and must be sought 1 the
events of the tenth to fifteenth davs of mtrauterine ife 1n cases where
the heart cavities are 1averted At this trme the heart assumes the
appearance of an S shaped tube A kinkny, of this primitive tobe tn an
opposite direction to normal has been thought to be the cause of
dextrocardia

Several vaneties of dextrocardia are recognized (irg, 118) and they
may be classtfied as follows

(1) DEXTROCARDIA WITH STUS INVERSUS TOTALIS (Symonyms —
Transpostion of the viscera complete heterataxy murar unage
dextrocardia) The heart and all the thoractc and abdomunal viscera are
completely transposed but as their relationship to each other is
wnaltered a murror image of the normal results

Situs mnversus totahis 1s the vaniety of d dia and
15 of no cmreal sigmficance Macera and Bordato (1930) were able
10 collect 250 cases from the Iiterature and since then a considerable
number have been added Kartagener (1933) stressed the frequency of
bronchrectasts in this condition The discovery of dextrocardia 1s often
accidental at a Me assurance or mass X ray examipation A farmibal
incrdence has been recorded m four generations by Lancist The
genetres of transposition of the viscera have been discnssed by Cockayne
{1937 There 1s left handedness 1 about 40 per cent of cases In this
the commonest type of dextrocardia the heart 15 usually exempt from
other abnormality The apex beat 15 1n the fifth night space otherwise
the heact appears normal and there are no symptoms

Radiography shows a mirror 1mage of the heart and thorax the
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tortic arch hang on the nght side ind the left dirphraem beng higher
than the vight Banum ex tmination shows the stomach on the neht
stde and the caccum on the left
The clectrocardiogram in the T § crse s

All waves are myerted 1 lead | and leads 2 and :'i change places
ihg 119} Modifications of the electrocardrogram may be found n
cases compl { by other cong I cardiac defects The sentricular
complex may be uprichtinfead | as 10 the cases of Abbott and Moffatt
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dextrocardia with transpostiton of viscera (c) isolated destrocardia with

i ersion of heart cavaties () 1s0lated dextrocardia without imersion of
heart cavutees (After Mandelstam and Reinberg)

{1929) Banerjea (1935) and Beaujeu and Benmussa (1939) despite
lesions of the Fallot type tending towards nght predomunance In
other complex cases the P wave may be uprizhtan lead | asnthecase
of Beaujeu and Bege (1937) Cases with coronary disease are those of
Manchester and White (1938) Cranford and Warren (1935) and Cam
(1945) There are no symptoms in the uncomphcated case The con
dition requires no freatment and ts entirely compatible with a normal
Ufe
(2) IsOLATF D DFXTROCARDIA WITHOUT TRANSPOSITION OF THE VISCERA
In this condition there s heterotawa of the heart alone with normat
posttion of the viscera The subject has been exhaustively studied by
Lichtman (1931) Other associated congenital anomalies of the heart
are frequently described 1n thus proup and reference 15 often made to

pheated  of pl d 1solated dextrocardia dependine
upon the presence or absence of such abnormaliies Roesler (1930}
matatained that every case of isolated dextrocardia was compheated
by other cardiac anomaly Lichtman s study of 161 cases from the
Iterature revealed only three cases 1n which there was no assocrated
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cardiac malformation St (1937) pubhished a casc of il
cated 1solated dextrocaria and discussed the anatomical specimen of
the same condition prepared by Thomson 1 1854 A recent case 1s that
of Beaujeu and Benmussa (1939)

Two mam types are described depending upon the presence or
absence of nverston of the heart cavities

(a) Heart Casities Imerted n thus type the heart 15 transposed in the
same way as in complete transposition the nght ventricle Iying 1n

F16 119 The electrocardiopram 1t mrror tmage
dextre a

front and the left ventricle behind forming the apex The aortic arch
may be either on the night or the left side the latter being rather
commoner The genesis of the condition 1s apparently the same as 1n
the situs 1nversus totalis with the exception that only the heart 1s
mvolved With the X ray there may be either a true nurror image or
the aorta may be on the opposite side Signs of congenital heart disease
often of the cyanotic type are frequently present although the con
dition may be uncomplicated asin the cases of Stevenson and Thomson
above

The electrocardiogram may or may not show the alterations charac
teristic of dextrocardra of the murror image type The uncomplicated
type presents the classical picture of dextrocardia Associated cardiac
abnormalities may cause alterations n the picture

The symptoms and signs are those of the associated heart lesion
Severe malformations lead to early death while those of the
uncompheated type may attain adult life

{B) Heart Cavities not Imerted (Dextroversio Cordis) In this type
which furmshes the larger number of cases of 1solated dextrocardia
the heart lies on the right but the heart chambers are not inverted
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There 15 thius no mirror image of the pormy! The sortie arch 1
usully on the left side The anomaly may arise 1n the fifth or sith
week of mtre ulenne Iife when an arrest of development takes place
and appears 10 be independent of any change tn the direction of the
primutive § shaped heart It seems to be rather a persistence of the
carly foctal posttion of the heart § or some reason as yet unexplained
the heart appears to have been rotated round 1ts vertical axis from left
to right The left sentricle becomes anterior and the night postenor

T 120 Apparent dextrocardia due to eventration of
the daphraym The clectrocardiogram was physioe
logical

forming the apex The aortic treh 1s generally on the left side and the
aorta descends on the left In many of the reported cases pulmonary
stenosis or atresia and transposition of the great svessels has been
present and the aorta lies tn front of and to the leR of the pulmonary
artery Such changes might be anticipated as the condition arses before
the septa have closed The general anatoruical picture conforms to 2
type of corrected transposition of Rokitansky where although the
vessels are transposed they yct anse from their respectise ventrcles
because of these anomalies cyanosis 1s often present In the case of
Mayer (1937) a man of 60 with hypertension and 1solated dextro-
cardia the electrocardiogram was normal and diagnosis Wwas made on
d 1 grounds a of the great vessels bemng recog
nized by an )} P of the ding aorta 1n the left

antertot oblique position
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In cases where an electrocardiogram has been done (Vaquez and
Donzelot 1920 Molarnt 1936 Meyer 1937) there was no change tn
fead 1

In general the progrosis is bad 1n this group because of the complex
assocated abpormahties usvally present

{3) DEXTROCARDIS ASSOCIATED WITH CONGENITAL DNSEASE OF THE
Diapnracy In diaphragmatic hermia or 1n evemtration of the dia
phragm the heart 1s displaced to the right {fiz 120) The heart 1s normal
and thete ate no electrocardsographic changes



CHAPTLR \IN

INFECTIVE ENDOCARDITIS IN CONCENITAL
HEART DISEASE

The abnormal tssues of the congenstal heart defect even of the shehtest
type are pecuharly vulnerable to infectine processes This fability of
abnormal tssues tnd structures to bacterial insasion was first ponted
out by Paget (1844) was confirmed by Osler (1866) and Horder (1909)
and agan emphasized by Abbont (1927) Infective endocardits 1s the
most scrious nisk to which the case of conzenntal heart discase 1s
exposed The actual d of infecttve end: vartes with the
diffesent abnormahitses and 1s greatest an those cases where there are
sigorous shunts or obstructne vahular lestons Thus the hizhest
tncidence 15 tn the acyanotic group of cases notably the patent ductus
arterosus mtersentriculur septal defect aortic and subaortic stenosts

and bicusped aortic valves OF Abbott s (1927) 395 acyanotic cases

22 per cent had bactenal endocardiis In contrast the case with the
nterauncular septal defect of even when d with
mitral stenosis  so rarely develops infectne endocardis that sts
occurrence Is g pathological cuniosity On the other hand the inter

auricular septal defect presents a peculiar frequency of associated
rheumatic valvular discase most often of the mural vahe This was
first stressed by Roesfer (1934) and agamn emphasized by Gelfman and
Lesine (1942) and subsequently by Burrett and White (1945)

The very mteresting analysis of 453 autopsted cases of congennal
heart by Gelfman and Levine discloses that the incrdence of bactenial
endocarditis was 6 5 per cent IT however the 181 cases above the age
of 2 years are considered the merdence 1s 16 5 per cent In regard to
icidence 1 speetfic lestons n cases aver 2 years of age their figures
are as follows

Auricular septal defects none interventricular septal defects 57 per
cent of the uncomplicated cases patent ductus artertosus 20 per cent
bicuspid aortic valves 21 per cent tetralogy of Faliot 29 per cent
pulmonary stenosts 29 per ceat These figures are perhaps surprisine
as most have agreed hitherto that the patent ductus exhibits the greatest
susceptibility to infective endocarditss {Libman 1910 Abbott 1927
Of equal 1nterest s therr finding that 14 per cent of the cases abare the
age of 2 were complicated by rheumatic disease and bteuspd aorhic
valves and interaunicular septal defects were the most frequent lestons
with which rheumatic valvular disease was assoctated Bacterial endo-
cardutts was present 1n a third of the cases complicated by rheumatism

eyl
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Burrett and White (1945) state that 62 per cent of thesr collected
4 cases of lar septal defect show mitral stenosts
although #s elimieal recogmitton during hife 1s much less frequent The
few cases i which bacterial endocarditss has been associated with an
nterauncutar septal defect are discussed under the latter lesion

In the group of grave 1 8 d with ¢y mfective

decarditts 5s relatisely rare and d 1n 14 per cent of Abbott s
(1927 29} cases and m 29 per cent of Gelfman and Levine s 131 cases
The different incrd as between the and

nd cy groups
may perhaps be due to the greater longewity of the acyarotic case which
therefore has an sncreased nisk of infection

The inttial site of infection 15 at some potnt of mechameal strain
This 55 well exemplified 1o the patent ductus arteriasus where the
smfective provess begns at the pulmonary end of the ductus and on the
wall of the pulmonary astery opposite the ductus opesing At this
Iatter site the impinging stream leads to the formation of local ather
matous lestops the surfaces of which become covered with platelets
and are in thewr furn wfected In the ¢ase of coarctation the lestons
most often appear erther near the site of coarctation of on the ascend
mg aorta tu the interventricular septal defect vegetations occur an
the margias of the defect or on the area of the right ventricular wall
where the apomalous shunt wmprages In the cyanotic case the chosen
sites are the margins of the septal defects or the defarmed cusps of
pulmonary stenosts The overnding aorta furmshes a direct route for
cerebral embolism and cerebral abseess may occur m these cases but
only rarely cerebral abscess betng more common in the absence of
mfective endocarditis

The mode of snfection 13 not embolic Damage 15 done at the posnts
of stratn and sclerotic and degeneratsve changes take place These areas
becomung covered with platelets afford a rudus in which orgarusms
crealating in the Yiood stream may setile aud probiferate An wflam
matory process s set up and wegetauons of remarkable luxuriance
appear the le 10ns spreading but at the same time showang a tendency
10 heat Thus mode of ongin by direct tavasion of $he muma was first
shown by Hamulton and Abbott (1914) The preciptateng event may
be a tooth extraction o tonsillectomy

By far the commonest infecting organisi is the Streptococcus vindans
Other organisms arethe 8 nffuen ¢ hacmolytic stseptotoeat pneumo
coces and the gonococcus The Streptococrus sirdans grves rise 1o an
endocarditis of the subacute or Libman type the other cocer tending
(0 cawse a more acute and rapidly fatal form of endocardus 3 which
the endocardstis 1s merely an madeat m 4 grave septicagmys For some
unexptained reason the acute forms often attack the night side of the
heart and patent ductos with some {1 {Avbott) The
has a predilection for the tricuspidt valve
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The vepaions spring from the 1ected stes and are often small m
the wute Cise where there mayy be considertble ukeration of the
trssues In chronie ¢ ses the vectatians miy show some evidence of
healing and tibrosis and even caleihication” Amonast the results of
this process are the formation of mycotic ancurysms of the vahe cusps
or of the membranous septum  rupture of the chordae and durect
spread to adyicent sructures In addiion there mav be patches of
vegetation on the walls of the hert opposite te and n hine of eut of
0 abnormal shunt through a septal defect These are ciused by the
constant bombardment of the walls by 1 stream carryins infecuse
paricies Suth patches may be tound on the wall of the right ventricle
or on the septal cusp of the tricuspd valve n the maladic de Rover
This rather interesting finding recalls the mural vegetations in the lft
aunle which tre a feiture of mutral stenosis and which were con
sdered by Thayer (1926) to be the hall mark of pre existing rheumatic
he it disease and the murror of damace previously done to the auncutar
will The vegetations consist microscopically of large thrombr tormed
of ibrin and platelets On the surlice of this thrombotic mass are
aumbers af otganisms whilst 1n the depths of the thrombus there may
be numerous leucocytes and red cells The ¢rusal oreanisms appear to
flourish on the surfice but perish n its depths

From these secctative lesions embolt may be detached and gne nise
to the charactenstic mycotic ancurysms These reselt from weakemng
of the vessel wall by an cmbolus of a vasa vasorum of weakening of
the vessel wall proumal to 1n embolus They occur most frequently at
the bifurcation of sessels lying 1n soft tissues and are found 1n the bramn
heart and puripheral vessels

The types of remal leston 1n wfectne endocardius are well known
There may be infarcts due to embolism of branches ot the renal artery
The commoner and perhaps climenlly the more important type 1s an
embolic focal nephritis due to the rrest in the glomerult of clumps
of streptococet or other orgamsm This occurred 1n sixty sic of sixty
erght cases of Bachr (1912) and results m hiematuna which may
require the mucroscope. for 1ts idennification In other cases there may
be a difTuse acute glomerulo nephritts

CtinicaL Fratores The signs and symptoms of infecti e endocarditis
depead lareely upon such factors 1s the virulence of the mnfecting
organism and the susceptibiity of the patient A virulent infection
a su cepuible patient may result i a rapidly fatal sepicaerm in which
carduc 1ol t may not be d duning hife [n the com
moner subacute or chronic types the cardiac sizns and chinical features
provaked by toxaemia and embohsmt usually provide a clear cut pic
ture Most often the disease 1s instdious 1n onset and the first symptoms
so vague that the underlying endocardrtis may be un uspected Common

early symptoms are those of lassitude anorexii and low prade fever
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QOceastonally a catasirophe such as a cerebral or other embotus may
1ead to Tecogmition of the diease

Once the disease is established there are an wfinte vanety of
symptoms and signs Fever 1s a constant feature although there may
te tong persods of apyrexta Apyrexia may be associated v ith uraemia
Rigors are not tonstant but they vsually eccur at some persod of the
disease and are d with high P and severe sweating
Nausea ard vomiting may be present so that the patsent loses wesght
and i time becomes emaciated Pame may be present apd associated
with embolization of various organs or sessels The steraum is often
tender Precordial pan radeating ¢ the neck and arms may oceur in
patients with aortic valve safecton Jownt pains afe common and
generally only transtent Queasnignally the joints are swollen and
tender and lead to a d of r polyarthotts unul embol
or other incidents make the diagnosss clear Painin other bones may be
due to genostitis Horder (1920) refers to the spes endocarditiea m
which the patient remains optimistic and fadls to realize the gravity of
s situation ¢ condition comparable to the spes phthisica

There are a whole group of special symptoms and signs of diagaostic
wnpartasce The spleen is teader and enlarged and wlaction of the
spleent may be accompamed by severe left sided abdominal paw and
tenderness

The cardiac signs are those of the underlying valvuylar or other
structural cardsac abnormality Entargement of the heart 1s common
Murmurs may change i character or pew murmurs appear durmg the
course of the disease Thus the appearance of a drastolic murmur 1 a
case of coarctation may be due to infection of the aortic valve Egually
the murmurs may not alter sigmficantty duning the whole course of the
disease When fadure takes place 1t 1s generaily with 2 normat rhythm
and aurrestar fibndiation 35 extremely rare Conducton disturbances
are unusual but do occur Libman (1913) remarked on a charactensue
palfor the cafe aw fat colows of the skin which developed 1 the
more chronie cases and affected the whole body but predominantly
the exposed parts Sk lestons may be present and a number of types
have been deseribed There may be a rash on the face of butterfly wing
distrsbution Tesembling the rash of tupus erythematosus and lesions
have been described on the wists aed knees A charactenstie Tesion 18
the Osler s node present in about half of the cases and first described
by Osler (1809} These nodes suddenly appear in the pulp of the fingers
or toes as small red pamnful and tender swellings with wiite centres
and about the size of a lentt! They may fast for a few days and dss
appear without trace and are somettmes the first complaint of the
pattent They are possibly due to smafl embol: but there 35 some
evidence that they may be a port of a general arterio capiflary endo
thehal {Jowve 1938) p ked by allergic of tovie changes
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1n the capillary walls Janeway (1899) refers to small haemorrhages with
a shghtly nodular character occurring on the palms and soles of the
feet The lesions which may be macular or papular are small and
erythematous and disappear on pressure leaving a shpht browmsh
ptementation They may be best recogmzed if the imbs are elevated for
nkmlnute when they stand out in reltef agamst the paler surrounding
skin

In the retina haemorrhages may be flame shaped or circular and
often have a white centre  Boat shaped haemorrhages have been
described by Doherty and Trubek (1931) The circular white spots
sometimes seen 1 the retina are referred to as Roth spots  or by the
French as Litten s sign  They are commoner 1n the more acute forms
of bacterial endocarditts

There are other vascular signs which should be sought for  Sphinter
haemorrhages small finear haemorrhages resembling a splinter are
found beneath the natls and may be tender on pressure Petechiae
the commonest vascular leston tending to appear in crops or showers
may be tound in the palms and soles clavicular regions and on the
mucous membranes The compunctiva of the Jower bid 1s a favoured
stte and the petechiae have a white or yellowish centre and are sad
to be pathogmonic of the distase In long standing cases the fingers
may become clubbed the earliest change bemng the assumptton of a
patrot beak appearance of the nails

Ultimately more dramatic symptoms appear and are largely the
result of embolt The spleen becomes enlarged and pamnful and
tenderness and pam 1 the left side may be complained of Hemiplegia
may result from embolism of a cerebral artery Cerebral abscess may
occur 1n the cyanotic case Mycotic aneurysms miy be recognized in
peripheral vessels of the limbs or suspected elsewhere from chimicat
signs There may be gangrene of the fingers from artenal occluston
The emboltc and other lestons of the kidney and their sigmficance have
been discussed above 1t should however be mentioned that some vases
die of uraema Pulmonary embolism occurs when the right side of the
heart 1s mvolved and m the patent ductus multiple pulmonary
mfarcts are charactenstic

DragNosis Horder (1926) states that the essennal features of the
disease necessary for diagnosts are the occurrence of multple embolt
pyrexiz and signs of congeattal or other valvular disease An enlarged
tender spleen and retinal haemorrhages might be added as unportant
corroborating signs A posttive blood culture on one or more 0CCasions
and 1solatron of the causative organtsm 1s naturally an important help
but a negative blood culture does not exclude a dragnosts Cotton {1920)
and Merklen (1929) pomnt out the frequency with which petechtac
occur Indubitably Osler s nodes and white centred pele‘chmc of tf}j

ot

conjunctisa and elsewhere are almost p M
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evid nee of haematuria 1s held to be of preat importance and 15 stated
to be present at some time in every case

The protean nature of the signs and svmptoms of subacute bacteral
endocarditrs Jead to many p md The d
wasting and pyrexia may be mustaken for evidence of pulmonary tuber
culosts partcularly 1n those cases 1n which there 15 recurning pulmon
ary infarction as i the mfected ductus Rheumatic fever may also be
diagnosed tn error on the basis of mugrating arthnts pyrexta and
cardiac signs A positive blood culture or the presence of some typical
siga of bactenal ot the develop of nodules or
percardstis wsll d h the two d; R fever and
bactertat endocarditts may occnr together Typhond fever malana and
pneumonia can be excluded by appropriate laporatory tests Libman
Sacks disease presents the rash of acute Jupus erythematosus and 1s
most often in the female Enlargement of the spleen 1s infrequent
Perarteritrs nodosa can be recognized by bropsy In sum any acute
febrile illness may enter into the differential diagnosss

Course AND Proghosts The progrosis once extremely bad s
reasonably good with modern therapy It w probable that the spon
taneous recovery sate 3s about 2 per cent Hemsted (1913) reposted
recovery from an infection imvolving the tght side of the heart
Chester {197) records a case 1 which a patent doctus arteriosus with
subacute endocarditis recovered Other cases exsst wn the hterature
but not all of them are convincing The general course of the untreated
illness 1s that of a lony, febrile disease lasting from four months to two
years with steady detertoration of the pattent The longer the case lasts
the more likely are the major embolic incidents to occur Repeated
embolic mwidents may occur with periods of apyreva m which the
patient feels relatvely comfortable The cause of death may be
toxaemua embolism of vital centres uraemua or heart fatlure

TreATMENT Horder (1926) strongly advocated treatment along
sanatorium knes Until recently there were no spectfics and endless
cemedies have been tried Capps (1922) spraks of cures from the use of
sodium cacodylate Att mpts have been made with biood transfusions
and mucus transfusion gold salts and other agents For a while the
sulphonamide drugs claimed a few successes

The d: of hin has i d the of
this hitherto almost untreatable and fatal condstton It must however
be remembered that however successful the treatment with pemeilin
may be m aboltshing infection a number of deaths are wevitable
these result from beart fallure uraemua and mayor emboly

Before treatment 1s commenced the mfecting orgamsm should be
dentified by a blood culture and 1ts susceptibility to pentaillia and
sulphonamide drugs tested A bone matrow cultute will often give past
tive results when other methods fail (Mallen Hube and Brenes 1947)
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Inad dosage of p ihin 1s prejudicial to later success British
expcnence(chnsuc 1946 Ward ela/ !946) suggests that the mmimum
effective dosage of penicilin should be 500000 to 1 000 000 units a
day 1 divided tramuscular doses three hourly or by a contiavous
intramuscular drip The dosage 1s kept up night and day and 1s con
tinved for twenty erght days Should a relapse occur the course is
repeated as many tmes as appears to be necessary In certatn cases a
refractory 1nfection may reqiire massive dosage of pemtaillin com
bined with sodium p amntohtppurate (Beyer ef o/ 1943 Wood and
Felson 1946) Ths latter drug produces a renal block and leads to a
high peniciiin Jevel in the blood Recently caronamide has been
employed for a sinular purpose and results 1w a fourfold tnerease of
the penicillin Jevel in the blood (Stuart Harris Colquhoun and Brown
1949)

The results of penicilhin therapy are extremely satsfactory and
many cures have been reported The outlook for these patients ts
transformed but one must be aware that healing of lestons may
ncrease valvular deformity and lead to failure Pemciin should
alwnays be gnen for prophylactic reasons i patients where tonstllectomy
or tooth extraction 1s necessary



CHAPTER XX

SPECIAL METHODS OF INVESTIGATION

Radwology m Congenital Cardiovascular Disease

Recent advances mn casdiovascular surgery have made it ymportant
that a correct anatomical diagnosis should be made as often as posstble
1f these benefits are to be apphed 1o the patient A correct diagnosts
fortifics any prognosis that may be given It 1s thus desirable that
wherever posstble X ray exammation should be undestaken in order
to acquire evidence of passtble anatomical change 10 the hear: and
great vessels

The first essential of rad ! e s a dardized
method that can be applied to young and old alike For this reason 1t
has been the author s custom to take a photo at 6 ft distance
Whilst this method 15 expensive when compared with an orthodiagram
1t does not imvolve the prolonged darkness so ternfymg to young
children A brief period of darkness 1s however essential as a prelimin
ary to a photograph and the opportumty may then be taken for a
fluoroscopic examnation Screen examtnatton s of great importance
n the observation of the pulmonary arteries and of hilar pulsation
The Jung fields should not be neglected

‘The normal radiological anatomy of the heart 1s depreted 1y hg 121
which may serve as a guide to the identification of the vartous regions
of the heart The conditton of the auricles may be imvesn_ated m the
right oblique position preferably with barium m the cesophagus The
left oblique view may be valuable in coarctatton of the aotta when st
may be possible to identify the stricture of the aorta Recently kymo
graphy in the same posttion has proved valwible tn contrasting the
pulsation of the zorta above aud belos th= constriction (Laubry and
Balsac 1937)

The pulmonary artery 1s of great imporiance w congenital cardio
vascular pathology and constitutes the second or muddle arc of the
left cardiac border the lower portion of the curve heing formed by
the pulmonary conus Itis rately bove er that these tua conponents
of the arc can be separated but they may occassonally be recognized
10 the congenital evanotic The hila of the Jungs consist as shown by
Assmann (1928) princrpally of the dwision of the right and left pul
monary artenes and the accompanving bronchus The feft hilum 1s
often hudden by the overlying pulmonary artery and conus The
pulmonary artery and conus may be seen m the left obhque positta
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runming 2cross the space beneath the aorta and just beneat

bronchus This has been very clearly demonstrﬁltcd an%caﬁl;ulrtfi!;?
Schwedel and Epstemn {1936) Thrs view admirable as 1t 1s 1 cases
where the pulmonary artery 1s dilated and consequently gives a denser
shadow 1s almost mapplicable 1 children and has a limsted apphica
tion where there 1s hypoplasta of the pulmonary artery Bedford and
Parkinson (1936) first drew attention to the value of examination of
the pulmonary artery with barium filled oesophagus Below the aottic

Fic 121 Radialogeal anatomy of the heart (After Parkinson 1933)
| Anteror 2 right oblique 3 left oblique position

n and best seen 1n the night oblique view 152 second nmpres
of the aunicle This impression 1s most marked
disease and enlargement and 1
postenor

JPIESSLO
sion lytng above that
1n those cases with pulmonary artery
these cucumstances will be equally obwious n the antero-|

position of the patient
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Opinions have differed widely as to the value of X ray exammation
m relation to the diagnoss of congenital heart defects All are agreed
that 1n the very young infant with the obvious exceptions of conditions
such as 1dtopathic hyperteophy and situs inversus radiology does not
always offer much that 1s not discermble by the ordinary methods of
examnation Undoubtedly there are numerous cases where the X ray
pieture furnishes no assistance mn dtagnoss 1n a subject with obvious
phystcal signs On the other hand radiological exammation may give
confirmatory evidence 1n a chinically suspected leston and may in some
lessons furnish a diagnostic picture It may also suggest the presence
of some other unsuspected anomaly In many cases surviving infancy
that s to say cases with abnormalitses compatible with ife 1t 1s possible
to make a quite )l 1 d We have d
dextroposttion of the aorta 1n infancy and have been able to confirm
this by serial examination over a period of years with ulttmate autopsy
Perry (1931) working in school clinies was of the opimion that the
X ray examination was at that ume of Iittle value Muir and Brown
(1935) working 1n a similar milien considered that such examuation
was 1nvaluable Roesler (1937) m a group of sixty eight cases of an
average age of 16 8 years found definite posttive abnormal radiological
findings tn 85 per cent these being of diagnostic value 1n 60 per cent

There must of course be frequent difficulties 1n interpretation of
the radiological pieture caused by the presence of combined lestons
and by the possible coexistence of acquired valvular disease Such may
be the case in the interauricular septal defect The radiological aspects
of certain anomalies are at times obvtous Dextrocardia 15 shown by
a murror 1mage picture of the heart and the presence of a situs inversus
totahs can be confirmed by a barium meal A night aortic arch can be
readily identified

The most important and readiy recognizable radiological changes
to which attention may be directed are dsscussed below under therr
appropriate headings The characteristic pictures presented by certain

lies are under the indwidual lesions

CHANGES IN THE AORTIC hNos The aottic knob may be small
Inconspicuous or even absent in coarctation of the aorta interauricular
septal defect and conditrons associated with hypoplasta of the aorta
Tts presence on the night side with displacement of the oesophagus and
trachea to the left and forwards characterizes a right aortic arch

CHANGES IN THE PULMONARY ARTERY Changes in the pulmonary
artery are among the most striking 1n congenital cardiovascular
roentgenology The pulmonary artery and its conus occupy the middle
arc of the left border the hila of the lungs or lung roots bemng largely
made up of the right and left branches Dilatation of the artery or
hypertrophy of the conus 1s shown by a bulging of the arc the part
corresponding to the conus being shghtly lower than that representing
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the artery The mght pulmonary branch 1s clearly visible the Ieft
branch 15 often hidden by the conus and 1s reyealed by rotation of the
subject Dulatation of the pulmonary artery accurs i a patent ductus
arteriosu  aortic septal defect pulmonary stenosis with a closed
septum  the Eisenmenger complex and 1n interauricular septal defects
Aneurysmal dilatation of the artery may occur 1 the latter as also 1n
a patent ductus arteriosus Very rarely an enormous pulmonary artery
may accompiny an interventrieular septal defect Hypertrophy of the

1900

0

1

li
4

F1G6 122 The cocur en sabot 1 Pulmonary stenosis 2 Fallot 3 Fallot
4 10 show part played by right ventricle

conus may occur n conus stenosis of the pulmonary artery and m a
few cases of the tetralogy of Fallot A rarer cause of dilatatton 15 an
nfective arteritis Widening ind pulsation of both hila 1s known as
Assmann s sign of pulmonary dilatation and 1s observed 1n the patent
ductus and other conditions of dilatation of the pulmonary artery

The causes of dilatation 1n valvular stenotic lesions are hittle under
stood unless they are allied to defécts 1n the walls of the vessels T'xpert
mental hgature of the vessel 1n amimals has shown a poststenotic
dilatation In other conditions dilatation s due to a shunt and to over
Joading of the nght side of the heart

A straight left border to the heart may be found 1n the maladse de
Roger A concave pulmonary are corresponding to hypoplasia or
atresia of the pulmonary artery 1s found in the tetralogy of Falfot
(fig, 122) Diminished hular pulsation and small hilar shadows with
marked translucency of the lung fields characterize the tetrafogy

ENLARGEMENT OF THE RIGHT VENTRICLE When the right ventricle
enlarges the enlargement 15 almost exclusiely to the left of the mid
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hne Wth enlargement of the right entrscle there may be an altefation
10 the contour of the heart gning w a coeur en sabot sihouente (g 122}
The apex of the heart 13 blunt and raised above the diaphragm the
hypertrophued nght ventrich. bemg visible as a conveuty below the
apey A coeur en sabat may occur 1 pufmonary stenosis with or with
out an terventicular septal defect and m any condiion cavsing
nght ventsseular hypertrophy The left anterior oblique view furmshes
wunportant mformation

Fio 123 The cardac sdhouete w patert ductus artenosus with
machinery mumue

ENUARGEMENT OF THE LEFT VEnTRICLE The chief sndications are
an mcreased curvature of the lower arg of the left cardiae border
{fig 123) The apex 1s depressed and displaced to the left The general
impresston 15 of hypertrophy of the heart in the left antertor oblique
view entargement of the left ventricle 15 readily recognized A hyper
trophied left ventricle 1s found in shight degree 1a subaortie and aorte
stenosis 1 coarctation of the aorta where hypertrophy may be marked
if there ss aorhic incompetence and occasionally 1 the patent ductus
M 15 a feature of abnormal arigin of the left coronary artery from the
pulmonary artery

ENLARGENENT OF TuE HEARY AS 4 WROLE fn 1fants and young
children large hearts oceur s the sp calted 1dsopathic hypertrophy
glycogen diseast abnormal ongin of the coronary astenies aortic
atressa matral attesta tncuspid atresia persistent truncus arteriosus
and 1 the cor ttoenlare At alf ages a targe heart s present m the
mreraunicular sepiat defect and i anomabies compheated by aorne
incorapetence
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ABNORMALITIES WITH A CHARACTERISTIC RADIOLOGICAL PICTURE
These are
Coarctation of the aorta
Patent ductus arteriosus
Interauricular septal defects
Pulmonary stenosis with closed septum
Eisenmenger s complex
Tetralogy of Fallot
Rught aortic arch
Dextrocardia
Idiopathic hypertrophy of the heart
These are considered under each lesion separately

The Flectrocardiogram in Congenstal Heart Disease
Emthoven (190%) first r d an electr am of
heart disease and opened up a new field destined to become an mtegral
part of cardiac examination Stertopulo (1910) and other early workers
n the electrocardiography of congemtal heart disease assumed that
right axis deviation was the general finding in these circumstances
Usoff (1911) noted vaniations 1n the electrocardiogram of four cases
of patent ductus artertosus and thus destroyed the conception of a
spectficity of night axis deviation 1n congemital heirt disease

It 1s perhaps peculiar that there have been so few reviews of the
electrocardiogram 1n congenstal heart disease The contributions of
McCulloch (1916) and Roesler and kass (1931) covered 112 cases but
there were only eleven autopsies Similarly the reviews of Battro and
Quirno (1935) Katz and Wachtel (1937) and Drawe Hafkesbring and
Ashman (1937) lack post mortem control Schrutker (1940) assembled
108 cases from the literature with autopsy control He reached the quite
reasonable conclusion that with certain exceptions such as situs
mversus there were no features persistently occurring to establish the
presence of a specific leston

At the outset 1t should be realized that the electrocardiogram 1s
most often physiological and shows but lttle alteration from the
normal It 18 with rare 1 no sense d Tt 15 useful
1n that 1t adds to the completeness of the climcal picture and affords
gencral confirmatory evidence

The general features of the normal electrocardiogram of the adult
are well known As the mvestigation of congenital heart disease will
mostly be concerned with children the essential features of the electro
cardiogram 1n early age are briefly recapitulated In chifdhood the
P wave m lead 1 tends to be larger than in the adult and i lead 2
may reach a height of 2 5 mm Inverted P waves are not uncommon 11
Jead 3 The PR iterval vanes to a shght extent with age and up to
about the fifth year 1s about 12 secs At 141t 15 said to be about I4secs

1
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The upper limit of normal 15 about 18 secs The QRS complex shows
a night axs devtation at buth aad with the ensuing wonths as the
heart s as rotates to the left a normal axis deviation becomes evident
A low voltage QRS 1n all leads 15 rare 1n childhood The Q wave 1s
large n lead 3 1f nght axis deviation is present The R wave 15 normally
taller 1n lead 2 than in lead 1 and an R wave excess of 18 mm may be
considered as abnormal Slurning of the R waves if at all marked may
be dered as signifi The T wave amplitude 1s about the same
as 1n the adult Inversion of the T wave 1s common 1n lead 3 The rate
of the heart varies with the age of the patient The approximate rates
at various ages are given 1 the table below

Burth 130-150
1st month 120 140
1 6 months about 130
6 12 months about 120
12 years 110-120
2 4 years 90 110
6 10 years 90 100
10-14 years 80-90

It has been stated that abnormalities of the electrocardiogram of a
degree that would be suggestive sn an adult are generally mndicative of
candac damage 1n a child

The only pathognomonic electrocardiogram 1s that of the situs
1versus In this anomaly all the waves of lead 1 are mnverted and leads 2
and 3 are transposed (fig 119) There are a few exceptions to this rule
as when a case of dextrocardia 1s complicated by other severe defects
or when bundle branch block 1s present An electrocardiogram will
differentiate between a congenutal and an acquired dextrocardia there
being no 1nversion of the P wave in lead 1 1n the latter condition

One of the principal purposes of an electrocardiogram s to obtain
confirmatory evidence which when taken in conjunction with the
clinical findings will lend support to an anatomical diagnosis There
fore 1t 15 evident that the findings of right or left axis deviation may cast
valuable Iight upon the nature of a defect as changes 1n axis deviation
speak for the relative mass of the two ventnicles Right axis deviation
1s found chiefly where there 1s pulmonary stenosis with or without a
ventticular septal defect the most matked degrees being found 1n the
former (fig 124) It may also be found 1n other conditrons tending
to nght sided hypertrophy and 1s almost invaniable in the auricular
septal defect and mn tucuspid stenosis and msuffictency A cor pul
monale always causes a right axis or a tendency thereto but npot
necessanly of marked degree It must be remembered that 1n
weeks of life there 15 a iight axis d so that el d:
examnpation mn extreme infancy may not have the signtficance ;nd
confirmatory value that such an examination may have at a later age

the early
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Right 1xis deviation may occur 1n lestons of the acyanotic group and
then depends upon the position of the heart In the Lisenmenger
anomaly it precedes the development of cyanosts In the patent ductus
arteriosus  where a normal electrocardiogram was considered as
charactenstic by Lewis (1928) the presence of right axis deviation has
been suggested by Laubry and Pezzi (1921) to be evidence of the
presence of some comphicating abnormality The same reasoning has
been appfied 1n the maladie de Roger where a normal axis 1s the rule

Fic 124 Right axn deviation Tetralogy of Fallot Age 14

The paucity of cases 1n which an electrocardiogram 1s supported by
autopsy evidence prevents any dogmatic statement refative to these
pomnts and the form of the electrocardiogram may not always be con
sistent with the autopsy findings Repeated electrocardiograms 1n the
same subject are usually consistent with the possible exception of the
auricular septal defect It may however be said that mght axis
deviation fotnd 1n a case where mitral stenosis kyphoscoliosts and
fibrosis of the lungs can be excluded 15 generally evidence of a con
genual etology the more so if there 1s a basal systolic thnil and
murmur It 1s probable that night axis deviation s the nvanable
concorutant of pulmonary stenosis

Left axis deviation (fig 125) may occur in those conditions where
there 1s obstruction m the outflow portion of the heart as in aortic
stenosis or coarctation or where there 1s left ventreular ypertrophy
from other causes Left axis deviatton 1n the absence of bundle branch
block in a cyanotic case at once rules out pulmonary stenosis and s
generally due to tricuspid atresia but may oceur in a persistent truncus
arteriosus and occastonally when there 1s a common ventricle and nght
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ventncular hypoplasia Normaf axis deviation does not exclude aorhic
stenosis or coarciation but may suggest the presence of other anomalies
when the signs of an obstructive aortie fesion are present In some
cases years may elapse before left axis deviation becomes apparent in
the electrocardiogram

Al My 1l i\ P! when thevy otour are sug
gestive of congental heart disease A height in excess of 18 mm above
the base line mav be considered abnormal Such complexes are not so

Fiu 125 Left axis deviauon Subaortc stenosis Age {6

frequent as 1s commonly supposed and were found i1n all three leads
of & to 190 cases exammned by Brown and Mwir (unpublished) A talf
ventrseular complex may occur 10 one lead especially in those cases
where there 1s marked abnormality of axis deviation Perry (1931}
suggests that a tall ventricular complex may be a suggestive finding
1 the absence of any marked ventricular preponderance (fig 126}
Roester {1931) drew attention to the frequency with which diphasic
ventncular complexes were found 1 congemtal heart disease Petst
(1926) suggested that a diphanic complex was due to asynchromsm of
the ventricles the tracing ind pred of one
or other of the ventrides Exanunatton of the tracings show by com
panson with the first phase of the diphasic complex m leads 1 and 3
which was the predominating ventncle This mgemous explanation
lacks corroboration afthough 1t has been suggested that diphauc
t may be d with of the first sound at
the apex (Talley and Fowler 1936) Katz and Wachtel (1937) have
satveyed 43 congenital cases accephng as a standard diphasic wave
one m whick the smaller phase has an amphtude of one fourth or
more of the farger They found 56 such complexes out of a posstble
129 theit frequency bemng 25 times in Jead } 141 lead 2 and 16 times

L
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1 lead 3 They ) that a diphasic wave of the amphtude ndi
cated was confirmatory in diagnosis and that where the two phases
were large and of equal extent they were pathognomonic of a con
genttal lesion A personal sertes of 300 cases similarly surveyed showed
such complexes i 30 per cent It seems probable that the diphasic
Wave may have a certain confirmatory value but much remains to be
done before its defnite as a path feature In
the author s experience diph: compl are not m

children with rheumatic heart disease

Fiu 126 Abnormally tall ventricular complexes 1n congenital
heart disease

An 1nteresting group of cases are those where there 1s 2 downwards
major deflection of the QRS 1n all three leads (figs 101 and 102) Such
tindings have been described tn the Eisenmenger complex by Talley and
Fowler (1936) and in the patent ductus arteriosus by Schnitker (1930) A
personal example occurred 1n the tetralogy of Fallot and 1n a persistent
truncus artenosus This finding 1s not completely explatned but 1t
appears to be an expression of night ventnculat hypertrophy

Seaham (1924) suggested that prolongation of the ST interval was
a characteristic of these cases Our own sertes does not lend support
to this view The T wave may occasionally be negatve 1n lead 2
particularly mn cases with right avs deviation The T wave 15 quite
commonly negative m lead 3

An exaggerated P wave occurs mn about 20 per cent of cases and 1s
associated with aurrcular hypertrophy such as occurs i the cyanotic
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group or 1n the interauncular septal defect The P wave 1s farge n
lead 2 m these conditions and mav be tall and pointed particularly
cyanotic cases with pulmonary stenosis or atresia and nterauncular
septal defects An inverted P wave 1n lead 1 18 pathognomme of the
situs inversus The P wave may be imerted occasionally n lead 2 and
frequently 1 lead 3 An mnverted P wave i lead 3 may be assocrated
with left axis deviation or with hypertension or may occur commonly
tn the absence of exther of these conditions The £ wave 15 inverted and

4 aJ,q»—»——;Q‘t"‘?
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fie 127 Abnormal electrocardiograms m congenttal hear disease

follows the ventnicular campiex 1 nodat thythm as wm the case of
1 aubry Soube wnd Vincent (1938) A notched P wave 15 very occaston
ally present

The abnormalities of conduction (fig 127) usually found are lengthen
mg of the PR interval aunculoventmicutar dissoctatton and buadle
branch black Arbonzation block has been reported by NissE (1928)
The electrocardiogram s the sole method of accurately detecting such
changes A lengthemng of the PR mterval 1s not so common as might
he expected and seral that
such changes are only tempor iry and are possibly the result of 2 rhen
maue process which may occur here as in any other heart In two cases
a fengthened PR imtervai observed by the author has been replaced
by permanent block In the absence of the rheumatic infection winch
may be exchuded 1 15 actve phases by a sedimentation test a raised
PR mterval 15 suggestive of an mtervemncular septal defect when the
other chimeal findimps are appropriate

Bundle branch block has been stated to be only of occasional occur
rence m congemtal hewt disease {Sampson 1948) bur personal
expenence differs from this view The charactertstics of typical bundle




294 CONGENITAL HEART DISEASE

branch block are widenmng of the QRS complex 1n excess of OI sec
notched QRS either nght or left aus deviatton dependng upon which
branch of the bundle 1s affected and a T wave 1n oppasition to the
mam ventricular deflection Where sections have been made n bundle
branch block 1t generally transpires that both branches are involved
1n the pathological process Bundle branch block may also be associated
with p. auricul eular d and 1 this case may
be attributed to a defective artertal supply because the lower part of

Fio 128 Congemtal heart block 1n a female chid
aged 3 presenting signs of an mnterventricular septal
defect Gross enlargement of the heart

the common bundle and the first part of the branches are both supphed
by the posterior perforating branch of the nght coronary artery The
rest of the right branch 1s supplied by branches of the left anterior
descending coronary which also supphes the fower part of the left
bundle While 1t will be appreciated that most cases of bundle branch
block arise from arterial causes 1t may also result from developmental
abnormalities of the interventricular septum and of the lower part of
the aurtcular septum both of which may entail damage to or deflec

tion of the bundle from its normal course Jt has been reported 1 cases
of the tetralogy auricular septal defect anomalous coronary artery
coarctation and tricuspid valve disease Atypical forms appear to be
more common than the well defined night and left types and occur
most often with the auricular septal defect These changes may gradu

ally develop over a pertod of years The prognosis of bundle branch
block m congenttal heart disease 1s better than the average but gener

ally poor with the atyptcal forms Cases which survived more than two
years from discovery scem to have an mcreased expectation of Iife

Complete heart block can only be recogmzed with certitude by the
electrocardiographic picture because complete dissoctation may occur
with a comparatively fast rate The finding of complete block 1 an
obviously congenital case suggests a defect of the ventricular septum
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(figs 57 and 128) Transtent heart block has been reported by Wadman
(1945)

Nodal rhythm 1s occastonally present In Calo s (1937) case of the
tetralogy the impulse onginated alternatrvely from the sino-auricular
and auniculoventricular nodes giving mse 1n the latter case to the
well known charactenistic P wave changes Auncular fibnllation s
very rare and occurs most frequently m cases of the interaurtcular
septal defect complicated by mutral stenosis or hypertension It also
occurs 1n cases of coarctation Auricular flutter has been present with
an mteraunicular septal defect Electrical alternation of the ventricular
complexes 1s not uncommon and 1s of undetermined stgnificance

Further detailed surveys of the electrocardiographic prcture in
congenttal heart disease will be found 1 the works of Perry (1931)
Steyfa (1931) Brumhk (1936) Laubry and Souhe (1939) Schmitker
{1930) Mannhesmer (1930) and Eisenberg and Gibson (1941) To these
the reader 1s referred

In summary 1t may be said despite the opinion sometimes given to
the contrary that the electrocardiogram has a certain value 1n con
genntal heart disease as a complement to the clinical examination

Angiocardtography

Forssmann (1931} showed that 1t was possble to pass a ureteral
catheter through the great vemns of the neck mnto the nght aurcle
This observation was the foundation of considerable expertmental
work notably mm Portugal and Latin America whereby radiopaque
substances were introduced 1nto the right avricle with a view to out
hntag the pulmonary tree Ameutlle and his co-workers (1936) pub
lished phs of the pul y tree ob d by this direct
method Castellanos Pererras and Gareia (1938) sucweeded 1n obtain
ing excellent pictures which displayed alterations n cardiac topography
such as septal defects and pulmonary stenosis These methods have
been developed by Robb and Stemnberg (1938) Steinberg Grishman
md Sussman (1943) Sussman Grishman and Stemberg (1943) and
Weber (1943) Its technical value has been assessed by Rayes Castel
fanos and Pereiras {1943) and by Taylor and McGovern (1943)
Angiocardiography calls for a high level of technical skill and specral
apparatus 1s essential not only to rapidly imntroduce the contrast
meduum  but also a raptd plate changer 15 necessary Preltmmary
pulmonary sensitisation tests are essenttal The child 1s anaesthetised
with cyclopropane and liberal oxygen A vemn in the antecubital fossa
1s dissected out and a large cannula mserted A specral syringe with a
nozzle of wide bore 15 destrable and 15-20 ¢c m children and up to
45 cc 1n adults of contrast medium 1s then njected within two seconds
tnto the vein Films are taken during the tnjection and at ntervals of

1 to I4 second> The pattent may 1f necessary be then placed in the
u* '
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left anterior obhque position and a further series of films taken Tn
the unanaesthetised patient a sensation of ntense heat and often
actual pamn 15 produced over the whole body Vomiting may also occur
Some workers mtroduce a catheter nto the night auricle through the
arm toute and use this to introduce the contrast agent Chavez Dor
becker and Celis (1947) pass a catheter into the jugular vein There
15 accumulating evidence that the procedure 1s not without its dangers
and fatalities are known Perhaps the chief danger of the angrocardio
graphic examination is that 1n a very severe cardiac anomaly 1 which
the subject already betrays signs of a dangerously low oxygen satura
tion the iyjection of contrast medsum may further decrease the supply
of oxygenated blood That such dangers exist 1n relation to pulmonary
artertovenous aneurysms has been shown by Stsson Murphy and
Newman (1945) who have produced evidence of leakin,, of the materral
1n the aneurysms and interference with the oxygen exchange 1n the
lungs In the author s opmion this particular nvestigation should not
be a routine performance on every case of congenttal heart drsease

For a fuller discussion of the technique and results of angiocardio
graphy the reader should consult original sources and the excellent
review of Sussman and Grisham (1947) 1s recommended Keele (1948)
should also be consulted

In the normal case the right auricle 1s filled 1n about one second
Some contrast mediem may linger mn the innomnate vein The right
ventricle 1s then rapidly filled and 1t may be posstble to identifv the
tricuspid valve The general appearance 1s that of a V shaped shadow
the imbs being formed by the shadows of the supertor vena cava and
right auricle on the right stde and the right ventricle and pulmonary
conus on the left stde The pulmonary artertes may also be readily
1dentified 1 the three second film About six seconds after the inection
the left auncle s filled and occupies the gap in the V shadow of the right
heart The left ventricle and aorta then fill In the left antertor oblique
view 1t 1s possible to 1dentify the auncular and ventricular septa These
findings will necessanly vary in the case with abnormal anatomucal
structure of the heart For example concurrent filling of both ventricles
may be observed in the mterventricular septal defect stmularly both
aorta and pulmonary artery may be filled at the same time 1n cases of
tetralogy In severe stenosis or atresia there 1s delay n filling of the
pulmonary artery It has been possible to xdentfy the site of a stenosts
1n pulmonary stenosis and the stenosed segment 1n coarctation of the
aorta Obviously the procedure ts a valuable one and 1t may have
1mportant bearings in the pre operative investigatton of a case

CARDIAC CATHETERIZATION This procedure may be of great value 1n
some cases particularly of cyanottc congenital heart disease where
the diagnosis Tematns sn doubt and the question of operation 1§ under
consideration By this method samples of blood from the vanous
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chambers and vessels may be obtained for analysts of their oxygen or
other chemical content pressure measurements may be made at various
sites and lastly diodrast may be rapidly injected for X ray photographs
auming at the delineation of the chambers and vessels
For full details of the techmque of mtroduction of the catheter the
reader 15 referred to the works of Cournaud and Ranges (1941) and
MeMichael Briefly the procedure 1s as follows
‘Under local anaesthesta and with full aseptic precautions the median
basilic vein at the elbow 1s exposed and a metre catheter similar to a
ureteral catheter with an opeming at its distal end 1s introduced nto
the vein and passed towards the heart 1t 15 necessary to use a fluoro
scopic control and the catheter may be mampulated into the right
auricle night ventricle and pulmonary artery Where there 1s an inter
ventricular septal defect 1t may be possible to manceuvre the catheter
1nto the left ventricle and even 1to the aorta At the vanious levels
P are d by a d to the catheter and
samples of blood are collected under orl At the end of the examination
20 40 ccs of diodrast may be rapidly injected for contrast radiography
Tt 1s desirable to have a definite plan 1n regard to the operation and
1t 1s customary for this exammation to be performed on patients 1n
hospital Geiger et al (1946) state that they have used this method with
out patients with no particular preparation and have allowed them
to return home immediately afterwards In the very young child
may be necessary to introduce the catheter via the saphenous vein and
approach the right auncle through the tnfenor vena cava
Customarily samples of blood are collected from the superior vena
cava the right auncle nght ventricle pulmonary artery and a distal
branch of the pulmonary artery If the other sites are reached samples
should be collected from these as welt The oxygen content of these
samples 1s then esttmated using a Haldane apparatus
Oxygen estimations furnish information of the greatest value In an
nterauricular septal defect the oxygen content of right aurscular blood
15 stgnificantly mcreased in comparison with that of superior vena cava
blood because of the artertalized blood shunted through the defect
from the left side of the heart For stmtlar reasons the oxygen content
of the nght ventricular blood m the presence of an interventricular
septal defect may be sigmificantly fugher than that of mght aurnicular
blood In the patent ductus arteriosus the pulmonary artery blood
oxygen 1s significantly higher than that of the nght ventricle owing to
the shunt of artenal blood from the aorta The pulmonary artery
blood flow may be determined from the oxygen content of pulmonary
artenal and pulmonary venous blood and for full details the reader is
referred to the work of Dexter et al (1947) Bing (1947) has calculated
the collateral blood supply through bronchial arteries cyanotic
cases by a combination of catheter and respiratory methods Depending
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upon the abnormality present there may exist constderible variation
m pulmonary arternl blood With large interventricular septal defects
or with the patent ductus muxture may be mcomplete and multiple
sampling from a pulmonary artery branch may be necessary to yeld
an average figure The oxygen content of pulmonary venous blood 1s
caleulated from a sample obtained from a distal branch of the pul
monary artery the furthermost pownt that the tip of the catheter will
reach

JThe r&l::ul(s obtained by these methods of examination have been

bul

d by Bing Handel: and Campbell (1948) on

y
the appended table

RESULTS OF CATHETERIZATION 1N CONGENITAL HEART Diserse

Analysis of Gases
o Blood

Pressies
Mm of Mercur
Normal RASO
Rv-250
PA-258
Tetralogy of Fallot
Pseoperative RV elevated
PA lower than RV
RV elevated

Pastoperatne
PA lower than RY

RA-RV-PA within 05 vol
per cent

O in RV suwmificantly higher
than in RA

0, In RV significantly higher

than i RA

Eisenmenger s RV elevated

omplex
elevated
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CHAPTER XXxl1

DIFFERENTIAL DIACNOSIS

The Recogmtion of Congemtal Heart Disease

Congenutal defects of the heart and great vessels are not uncommon
Many of the abnormalities would be umimportant were 1t not for thew
lLability to involvement 1n a bactenal endocarditis Until quite recent
times a diagnosis of congenital heart disease was considered to be
adequate and 1t was exceptional to attempt a precise anatomical
diagnosis The recent 1 surgical of some
anomalies and the prospect that careful study of cases may furnish
additional advances 1n treatment makes 1t tmportant that diagnosis
should be as precise as possible

The recogmition of congenital heart disease usually offers no great
difficulty and 1t should be possible to assign a case to its particular
group and in many cases arrive at the diagnosts of the anatomical
fesion present Whilst exact diagnosss 1s possible in a number of
anomalies on purely chnical grounds corroborative and 1n some cases

or even path: evidence 1s furnished by the radio

graph and electrocardiogram

In the general 1nvestigation of a case of congenital heart disease a
careful history 1s essential Special reference should be made to
symptoms and the order of their appearance and as to the age when a
lesion was first suspected or diagnosed

A history of a heart lesion since infancy affords very valuable
evidence In this connection w the Brush Isles the routine school
entrance record 15 a valuable source of information In some cases
some intercurrent infectious disease such as measles has led to the
discovery of a heart lesion A definite heart lesion encountered before
the age of 3 1s almost p p evidence of its 1 etiology
The of ther 1nfection 1s between the ages
of 6 and 12 consequently there should be a careful inqurry as to
theumatic antecedents Further as most congennal heart lesions anse
before the eighth week of intra uterine life the general question of the
mother s health during the early weeks of gestation should be explored
if only for academic interest If this were done as routine and data
collected concermng the time of occurrence duration and nature of
wfections or illness during the period of pregnancy much lLight
mught be thrown upon the problem of foetal endocarditis and u};on
the genesis of cardiac defects In practice 1t 1s rare to obtain a history
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300 CONGENITAL HEART DISEASE
of maternal disease and above all of rubella It 1s mteresting to note
the posttion of the cinid 1n the family and the age of 1ts parents at the
tme of 1ts birth
Points that may be elicited 1n the early history of the case refer to
whether the child was born a blue baby or as fo the occurrence of
pertods of cyanosis especially n relation to feeding or to respiratory
nfections It may here be emphasized that epilepsy 1s quute common
mn congenital heart disease and conversely epileptic fits frequently
masquerade as  heart attacks the comeidence of a systolic murmur
and the cyanosis of the convulsive phase leading to an error 1n diag
nosis Specific questions as to the occurrence of comulsive attacks
should alwnays be asked The presence of either established or episadal
cyanosis m the young child 1s usually due to congenttal heart disease
The presence of other congemital abnormalities elsewhere 1s of
importance and may give a clue as to the etrology of a particular case
This association may perhaps have been over emphasized by some
authors The widely dwvergent figures of incidence are mentioned
elsewhere Nevertheless 1t 1s always advisable to search for these
associated abnormahties The abnormabties most often associated
with a congenttal heart lesion are deformittes of the chest wall in
particular  Harrison s suleus  accessory mipples  mongolism  and
arachnodactyly In both of these latter conditions the commonest
heart lesion 15 a defect of the interaurscular septum and consequently
heart signs may be minimal or possibly late 1n obvious appearance
Again the signs of congemtal heart disease may be masked by rheu
matic heart disease which 1s prone to accompany certain defects
The proper appreciation of physical signs ts of fundamental tmport
ance Many cases 1n the acyanotic group remain undiagnosed during
Iife or only recogmized at a late age because symptoms are few and
the patient has adapted himself to his condition Some cases are
assumed to be rheumatic owing to over emphasis of the teaching of
carditis without other rheumatic manifestations Because of marked
and noisy physical signs a quite unnecessary gravity may be attributed
to cases with minor anomalies The conception still lingers that the
congenital cardsac case ts 1nevitably a puny chuld with extreme cyanosis
Therefore n examing a case 1t 1§ essential to note the murmurs
present their distribution and propagation and therr sites of maximum
itensity A thrill must always be sought mn all postions of the patient
and 1n inspiration and exptration As a part of the routine examenationt
1n all cases 1t 15 Wise to feel the femoral artenies and note 1f pulsatron
1s present Murmurs and thrlls m abnormal positions which do not
correspond to those found 1 acquired valvular disease are charac
teristic The physteal signs tn congertal heart disease particularly m
the acyanotic group may be peculiarly well marked and have a remark
2ble constancy oser the years although there may occastonatly be
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gradual regression and ultimate disappearance of the physical signs
of certatn abnormalities Attentton should also be paid to the aortic
and pulmonary second sounds as they may be important when exact
diagnosss 15 being considered Finally a heart has not been completely
exammined until the blood pressure has been taken and the presence of
hypertenston ot a very [ow pressure may be of diagnostic sigmificance
The occurrence of infective endocarditis may suggest the possible
presence of a congenital cardiac anomaly 1f there 1s no history of
antecedent rheumatism

There remains the laboratory methods of diagnosis the X ray and
the electrocardiogram The use of these methods 1s invaluable and may
enable a complete diagnosis to be made The presence of an abnormal
cardiac silhouette and in particular abnormalities an undue promm
ence of the pulmonary arc are of suggestive importance These aspects
of are fully d d under the indrvid lesions The
electrocardiogram which 1s usually not a specific diagnostic procedure
serves to show right or left ventricular preponderance and abnormalities
of conduction and so affords important confirmatory evidence It
may be necessary to study the case further with circulation rate
cardiac catheterszation and contrast rad; phy butsuch
are of exceptional employment

THE SIGNIFICANCE Or A SYSTOLIC MURMUR Recognition of the
presence or absence of heart disease 15 of very great importance to the
pattent Diagnosis 1s largely based upon the presence of murmurs in
certamn situattons and with certan characteristics The factors in the
production of a murmur are numerous the most important being the
passage of blood from an area of small diameter into an area ot greater
dirameter This results in the formation of jet eddies which are the most
audible 1f they impinge upon the walls of the heart or great vessels
Sunilarly abnormal structures such as chordae or vegetations may
vibrate 1n the stream of blood and give mise to murmurs The loudness
of the murmur depends also upon the velocity of the blood stream
passing through a constriction this being determined by the difference
of pressure on the two sides of the constriction If for any reason the
velocity of the blood stream 1s increased as by exerense the murmur
may be intenstfied Where there 1s a very small difference 1n pressure
between the two sides the velocity of the blood stream 1s diminished
and 2 murmur may be absent or if present 1t may under the 1fluence
of stresses tending towards the equalization of pressures between the
two sides become diminished or disappear Thus m the interauncular
septal defect the pressure relations between the two auricles are such
that a murmur 1s generally absent despite the presence of a shunt
Changes n the shape of a valve or obstruction may also modify the
character of the murmur present and funnel shaped valvular onfices
are especially important in this respect In the funnel shaped deformity
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50 often found 1 aortic stenosis the funnel 1n this case directed ith
the stream of blood  the murmur may be loud 1n systole A regurgitant
murmur winch post mortem examunanon sugpests might have been
present 1s often faint or inaudible and 1s damped by the funnel now
opposed to the regurgitant stream and perhaps sumilarly affected by
the funne! shaped aortic conus likewise disposed Such mstances mght
be multiplied as m the case of pulmonary stenosis where actial
recognition of pul y ffi 1s relatively rare

The term functional murmur 1s applied to those murmurs which
are produced 1n the absence of deformity of the valves or septa or
indeed of any part of the heart It may refer to murmurs which are
exocardial and which may be produced by frction between the
pleura and per A cardior y murmur which charac
tenstecally varies with the phase of resprration and 1s perhaps abolished
on deep mspiration 15 probably caused by the movement of air wathm
the alveoli that part of the lung in contact with the heart Many mur
murs heard about the base of the heart may be explained on the above
grounds In addiion 1t seems concetvable as Thayer (1925) pomnted
out that the passage of blood through the relatively rigid valvular
rings mnto the more distenstble vessels beyond may reasonably be a
cause of murmur formatton Relative mutral stenosts has been discussed
by Bramwell Obsenation shows the extreme frequency of murmurs
in the traditional valvuiar sites Indubitably a systolic murmur may
appear 1 childhood 11 assoctation with anaema or with infections
and bemg due to relattve msuffictency the result of stretching of the
valve rings may properly be termed functtonal murnturs

Systoli murmurs are quite commonly present in infancy apart {from
recogaizable pathology Lyon ef al (1940) found a murmur 1n 19 per
cent of newborn tnfants OF 147 cases with a systolic brmt mnety
two of which wete followed into later Iife four died and at post
mortem on two eases there was congemtal heart disease Fourteen had
persistent systolic brusts thought to be some form of congenital heart
disease and of the remaining seventy four three cases had functionat
bruits or extrasystoles Cox (1948) found that § per cent of 630 children
had a systolic bruit at some time The murmur was most often recog
mzed when the child had attamed the age of mine months or more
that 15 to say at the tume of transition from the vegetative to the more
active state It scems clear that some of these were cases of congenital
heart disease but they were not differentiated {t 15 quite certarn that
a patent ductus or an nterauricular septal defect may not be the canse
of murmurs 1n the neo natal persod On the other hand grave casduc
anomalies are eatly recogmzed because they give rise to poth symptoms
and signs

In regard to fater childhiood Holt (1932} states thata systole murmur
35 present 10 about 50 per cent of pormal chitdren Other authorities




DIFFERENTIAL DIAGNOSIS 303
do not place the incidence so highly but are of the opinton that 2
systolie murmur 15 frequent m otherwise normal children The actual
incidence of organic heart disease in childhood to yudge from the reports
of schoo! medical officers 1s a trifle over 1 per cent There s thus a wide
gap between the cases presenting signs which nught be attnibuted to
organc disease and the case with recogmizable cardiac damage This
serves to emphasize the importance of a close consideration and
observation of cases presenting murmurs Of recent years there has
been a swing of the dulum towards the of
a systolic murmur although actual statistics show a greatly increased
mortality 1n the group with such murmurs The generally accepted
critenna of organic heart disease are enlargement of the heart with
constant physical signs a drastolic murmur being always indicative of
cardiac damage A diastolic murmur may be a transient event during
the course of the rheumatic infection but usually tn childhood 1t
signifies mitral or aortic disease The types of murmur gving the
greatest difficulty 1n childhood are the functional and cardiorespiratory
murmurs These are as ymportant to the child as an organic murmur
because their wrongful interpretation leads to much unnecessary
restriction and may induce 1nvalidism or an inferionity complex during
the formative stages of a child s career Consequently all the critena
which may be employed 1n judging such a murmur should be applied
to these cases Inconstancy and variation with position and phase of
respiration are ymportant 1n this respect Famibanty with the cardiac
auscultatory signs 1n childhood soon removes most of the difficulty
m the nterpretaion of such a murmur Recent advances n
phonocardiography hold promise of being of the greatest help in this
Tespect

Undoubtedly n certain cases of congenital heart disease the phystcal
signs may undergo considerable regression if observation 1s extended
over a period of years It 1s our experience that a thnll may disappear
or be inconstant or a murmur become so altered as to become indis

le from a fi 1 murmur the murmur may
entirely disappear as has been discussed under the maladie de Roger
The regression of physical signs has been statistically examined by
Wilson (1938) who finds that 1n a group of congenital cardiac cases
observed over a long period of 30 per cent the murmur changed
character and transmsssion and in seven instances became ndis

le from the D y murmur Even cyanosis dis
appeared 1n some of the cases Wilson however emphasized that the
cardiac sithouette as observed fl pically remains h J
Wilson (1934) wmsists that a teleradiogram m the frontal plane 15 in
adequate for the diagnosis of moderate degrees of enlargement and
that only with the oblique view 1n addition can an accurate determina
tion of the size of the heart be made
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CLINICAL DIAGNOSIS OF INDIVIDUAL LEStONS A summary 1s gteen
below of the principal diagnostic pomats mn certatn lesions that are
recognizable Reference should also be made to the classification of
Abbott where defects are arranged according to the preseace ot
absence of cyanosis and the degree of cyanosts presented

SUBAORTIC AND AORTIC STENOSIS A systolic thnll s felt 1 the aortt
area and a systolic murmur 15 conducted along the vessels mnto the neck
and axillae Thril and murmur are maximum 1n the second right space
In aortic stenosis there may be alterations 1a the aortic sevond sound
There 1s 2 small radal putse 1 marked contrast to a rather foreible apex
beat The blood pressure 1s low Under development 1s most likely fo
occur in aortic stenosis 1nd may amount to actual dwarfism The radio
graph shows a shghtly enlarged left ventricle and the efectrocardiogram
normal or left axis deviation

COARCTATION OF THE AORTA A systolic murmut 1s present over the
base of the heart and 1s characteristically heard along the borders of
the vertebral column It mav also be eard over the visible and palpable
vessels forming the collateral circulation Pulsatton in the abdomtnal
aorta and feroral vessels 1s reduced or absent Hypertension 1n the
arms and low blood pressure in the legs 1s the rute The radiograph
may show the pathognomonic notching of the under surface of the
nbs and there 1s usually a small aortie knuckle Ieft axis deviatron
may be present but it is more common to find a normat axis

IsoLATED VENTRICULAR SEPTAL DEFECTs A systolic murmur occu
pies the whole of systole and 1s usuaily loud and rasping 1n marked
contrast to the absence of symptoms The murmur 1s foudest m the
fourth left space close to the sternum and 1s heard in dimimshed
1ntensity at the periphery A thrill frequently accompanies the murmur
There 1s no definite radiological pieture The electrocardiogram 1s
normal but rare cases may show conductton disturbances such as
bundle branch block or complete heart block This type of congenital
defect may give the greatest difficulty in diagnosis particufarly 1n those
cases where a thril 1s absent Recent developments 1 phonocardio-
graphy hold promise of being of great value in the diagnosts of these cases

PateNT DUCTUS ARTERIOSUS In 1ts most typical form a machmnery
or continuous murmar 15 heard n the second left space close to the
sternum and 1s conducted towards the left clavicle The pulmonary
second sound 1s accentuated or reduplcated Evidence of dilatation of
the pulmonary artery 1s furmished by Gerhardt s nibbon dultness 1
the second and third left mterspaces There may be a charactertstic
cadiograph of a dilated pulmonary artery but this s not mevitable

Hilar pul! may be p The d shows no
abnormahity

PERSISTENT RIGHT AORTIC ARCH The diagnosts 1s mainly radio
Togical but there may be dullness to the nght of the sternum 1a the
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upper intercostal spaces The radiograph gives the pathognomonic
picture of displacement of the oesophagus and trachea to the left with
absence of the aortic knob 1n its usual situatton

AURICULAR SEPTAL DEerEcTs Dyspnoea is habitual Pallor with
shight cyanosts may be present the cyanosis being vanable and more
pronounced with exertion Symptoms charactenistically appear tn the
second and third decades The heart 1s enlarged There are no typical
thrlls or murmurs but both may be present or absent A diastolic
murmur of pulmonary incompetence may be present Occasionally the
murmur of mitral stenosis may be recogmzed but not so frequently as
post mortem experience would anticipate  Alone 1n congenital heart
lesions auricular fibrillation 1s not tnfrequent and 1t occurs m those
cases comphicated by mutral stenosts or hypertension The radiological
picture shows gross cardiac enlargement with a Jarge promunent
pulmonary ar¢ large comma night pulmonary branch and a small
aortic knuckle Right axis 1s present 1n the electrocardiogeam

PULMONARY STENOSIS WITH A CLOSED INTERVENTRICULAR SEPTUM
Cyanosis may be absent until the third decade but once 1nstalfed 1s
usually progressive There s a systolic murmur and thnll 1n the second
left space and the pulmonary second sound may be dimimshed or
absent The radiograph shows a prominent pulmonary arc and hyper
trophy of the night ventricle The electrocardiogram always shows right
axis deviation

THE TETRALOGY OF FaLror Cyanosis appears early 1s progressive
and becomes extreme Symptoms are mainly dependent upon the
cyanosis A systolic murmur may be present 1n the second left space
but rarely of the mtensity shown 1n 1solated pulmonary stenosss The
radiograph shows a coeur en sabot suhouette with a concavity at the
site of the pulmonary arc corresponding to the hypoplasic pulmonary
artery The hilar vessels are small and there 15 absence of congestion 1n
the lung fields The electrocardiogram exhibits 2 marked degree of right
axis deviatton

THE EISENMENGER CowpLEx Cyanosis appears late and 1s rarely
marked A systolic murmur may be present and a dastolic murmur of
pulmonary incompetence has figured in the reported cases The diag
nosis 1s mainly radwological and 1s based upon enlargement of the
pulmonary artery Right axis 1s present m the electrocardiogram
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CHAPTER XXII

GENERAL PROGNOSIS AND TREATMENT

The problems of prognosis are so vaned that some consideration has
been given to them in the discussion of the individual defects There
are however certain general principles which may be applied to the
different groups of cases The congemtal heart defect differs from all
other heart lesions i that 1t 1s permanent and stable from birth The
patient becomes adapted to Ins lesion and 15 able to tolerate much that
would be virtually impossible had the defect been acquired at « later
age The relation of the defect to the heart as a whole mav varv with the
growth of the heart and a defect of significance 1n infancy may become
relatively ummportant as the heart and the organism generally matures

The converse may be true as witness the liability of the subject of
coarctation to break down 1n the third decade at a time when activity
1s greatest A valvular stenotic leston may become a severe handicap
with growth and increased activity It may even be inhibitory to growth
as 1 the dwarfism of aortic stenosis or 1n the slender gracile bodily
conformation and retarded development of the patent ductus arteriosus
with a large shunt The prognosis thus turns upon the stresses and
strams to which the anomalous structures may be subject and the
degree of interference to the circulation imposed by the lesion These
stresses are most likely to occur mn infancy or during early adult hfe

Factual knowledge of the prognosis of congemtal heart disease 15

largely based upon post mortem statisucs These are open to the
criticism that in general only remarkable or peculiar cases are reported

and no account 1s taken of the hving The incidence of congenital heart
disease 15 to some extent mfluenced by the mterest of climcian and
pathologist and 15 naturallv higher m those hospitals devoted to
infants and children Lastly some of the well known series such as

that of Abbott (1931) comprise a relatively high number of neonatal

deaths some at an early age when an abnormality such as a patent

ductus artenosus can hardly be regarded as an anomaly

The ever present danger 1n all groups 1s infectnve endocarditis The

risks appear to be greater 1n the acyanotic group and Abbott 5 statistics

show an mneidence of 22 per cent cases with infective endocarditis in

this group compared with 14 per cent in the cyanotic groups The

disparity 1 incidence between the two groups may perhaps only be

superfictal for as Perry (1937) pomts out the acyanotic case fives

longer than the cyanotic and consequently the risk 1s greater On the

306
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other hand the acyinotic group furnish more obstructive lesions and
sites of vigorous shunts Gelfman and Levine (1942) in therr analysis
of patients over two years of age placed signtficant defects according
to nisk as follows interauricular septal defects none interventricular
septal defects 57 per cent patent ductus artertosus 20 per cent
bicusprd valves 17 4 per cent tetralogy of Fallot 29 per cent pul
monary stenosts 29 pef cent The source of infection 1s generally the
mouth and upper air passages Other potential sources of infection are
matnly surgical and n relation to appendix abscess and post operative
femoral thrombosis Infection from these sources may not only give
nise to infective endocarditis but also to cerebral abscess in the cyanotic
case with a dextroposed aorta

The of pul ry tub 1! mn heart disease
has long been a subject of discussion and controversial optmon
Rokitansky (1875) stated that pulmonary tuberculosts and heart disease
were incompatible espectally when the latter was associated with
cyanosis This can hardly be d at the present trme
Peacock (1866) menttons mine cyanotic cases with pulmonary tuber
culosts The recent French hiterature furnishes a number of examples
Abbott (1931} lists 110 cases with pulmonary stenosss of whont 22 per
cent had phthists Auerbach and Stemmerman (1944) have studied a
group of thirteen cases of whom ten had pulmonary stenosts (in five a
component of the tetralogy) and three acyanotic congenital heart
disease all with phthisis In the acyanotic group Abbott s figures dis
close 55 per cent with phthisis the highest secttonal incidence being
1n the interventnicular septal defect where of sixty two cases 14 5 per
cent died with pulmonary tuberculosis Gloyne (1936) found seven
cases of phthisis 1n twenty one cases of congenital heart disease and
thought that 1t was uncommon in the cyanotic case In our own
experience tuberculosts and cyanotic congemital heart disease has
occurred ten times and six times n acyanotic disease It seems there
fore that there 1s some increased liability for the cyanotic case with
pulmonary stenosis to develop phthusis This ncidence requires
explanation for 1t has been argued that cyanoss should protect the
subject from pul 'y infection as plified by the low
of phthists 1n mtral stenosis In this Tatter condition st has been sug
gested that an excess of blood in the pulmonary cireulation may be a
factor 1n because pull Y by inducing pul
monary fibrosts mught well protect the subject agamnst the tubercular
infection  Such considerations are hardly applicable to the usual
cyanotic case where cyarosis depends upon the quite different factors
of a shunt and above all upon madequate blood supply to the lungs
Modern studies of the circulation 1n the lungs have shown that blood
arculates i them at a relatively low pressure and the position of the
subject largely determunes the amount of blood that reaches the apex
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o base In recumbeney when the effects of gravity are femo ¢ e
urculation in the lungs 1ncreises venous pressute nses and the output
of the heart may be increased by as much as 30 per cent Lymgh fov
increases with nise of venous pressure and when the patient 1s e
bent removal of bictera from the lunys 15 effective at both the pices
and bases In the upnght or orthopnoeic position venous pressure 5
low and arterial flow reduced at the apices of the Jungs The ocgin o
the right pulmonary arterv at an acute angle to the direction of flow it
the pulmonary conus and its tortuous pith round the 2orta leads to2
definite fall 1n pressuse along 1ts course and Dotk {1947) states that
the apical third of the right fung and the apical fourth of the kft 1
hase practically no effective flow for two thirds of the day m sederte
people Lymph flow 1lso decreases and actordmgly antibodies formed
tn the body and antibiotics gaven parenterally do not reach these are
An deal situition 15 therefore created for the development of (¢!
culosis i these arcas where dust bactera and towns cannot easiy b
removed It seems therefore that pulmonary artenal inllow m?
crucial factor for putmonary stenosts lowers putmorary arer
pressure whereas in mutral stenosis pulmonary attersal pressur® 3
considerably elevated Other changes such as oxygen unsaturation agd
increased carbon dioxide tension or alterations m the Ph of the blo
have been discussed by Gloyne and Shiskin (1937) In our o1 opinio
tuberculosts yn the cyanotic case 15 more common than B3 beer
therto supposed The general clhimeal features and course ofrpur*
?ag"ﬂry tuberculoss 1n congenttal heart disease are 1o d flecent ra[
h S¢ 10 cases without heart disease The patient has a good pro’m
o earéy recopnition of his disease because of the frequency Wik “;m)’
l-orur(] erg0es X ray examination on account of hus heart “b”?rm eart
Fer reatment bed rest may be sufficient but the preserce of & fully
S310n 15 not a contradiction to collapse therapy This has SUCESs
:’hcen carried out on several occasions It 15 well to msute coﬂal’;:
fcr:liy At an early stage before adhesions have formed The Prcsc{rplu
Io adhesions may have a certain value m providmg 2 coliateral & of
Aion with the tetralogy of Fallot and the actual production
ilomlzﬂs has a place in the treatment of tis condiion The !n:e i
the l:?c : methods of closing cavities may have consderible et
Capam; ment of these patients s they avolve Intle Jessenng ©
The wncrdence of the rheumatic infection 1n cases Ofca"em'”l h:;;:

di ease 1s a matter of interest because acqutred rheumitic heart dlsdul(
appears o be farrly common 1 congemit 1l he wet cases thit ceach 2 ter
lfe This is partiularly trye of the ynteraunicular septal defect (RO
1934 Bedford Papp and Parkin {941 Burrett and Whte 1949 5
High 1s the werdence of myra) stenosis 1 the anomals that 1 muhc
fiable to suspect that ip 4 proportion of cases mitral steno m
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the primary event leading to the transformation of a potentially patent
foramen ovale 1nto a wide aperture Geliman and Levine s series of
congenital heart disease showed a superadded rheumatic infection 1n
14 per cent of cases A predilection to rheumatism has also been
noted 1n respect to bicuspid aoruc valves

With certain exceptions 1n those cases where there 1s no communica
tion between the two sides of the heart and 1n the group with cyanose
tardive the outlook 1s generally good and the subject should be
encouraged to live as normal a hife as possible Generally speaking the
unfavourable signs are the presence of symptoms and of enlargement
of the heart A diastolic murmur should always be considered un
favourable The actvities allowed should be proportional to the
subject s capabiliies Where there ts no communication between the
two sides as 1n aortic stenosts or coarctation there 1s a nisk of strain
Coarctation demands especial consideration In many cases 1t 1s as
well tolerated as other defects but certain danger periods are undoubt
edly present These occur duning early adult hfe when failure may
supervene in response to strain Infective endocarditis claims a large
number of cases There 1s liability to accidents due to hypertension
such as rupture of the aorta or a cerebral catastrophe may result from
the rupture of an associated cerebral aneurysm The comcidence of
aortic 1s d f: able Severe hypertension
signs of tmminent failure and cardlac enlargement are indecations for
operation 1n the young The adult case should 1n the light of present
knowledge and experience be judged on its merts In subaortic
stenosis a leston that offers very httle impediment to the circulation the
outlook 15 reasonably good although sudden death may occur here as
m other forms of aorttc stenosis It may be said of the acyanotic group
as a whole that the prognosss 1s reasonably good when certain features
are ehminated Unfavourable crrcumstances are the presence of gross
enlargement of the heart this being most hikely to be found in cases
complicated by aortic mcompetence or by high grade obstructive
valvular lesions There 1s a considerable mcidence of infective endo
carditis The presence of ngh blood pressure and 1ts complications must
1nevitably lead to some restuiction Death 1n the group 1s most hikely
to be due to a complication or intercurrent disease Sudden death may
occur m stenotic lesions and congestive failure 1s rare In the group
with cyanose tardive the prognosts is quite good In the maladie de
Roger statistics show that there 15 considerable nisk of infective endo
carditis Congenttal heart block may be a complication but generally
causes ltile 1nconvenience 1o the panent Isotated mnterventricular
septal defects are usually entirely benign during the school period and
no restrictions are necessary The patent ductus arteriosus demands
more care In this lesion there 1s a considerable strain on the heart and
further there 1s a high incidence of infective endocarditis Surgical
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treatment may be Iy 1 ded tn cluldhood and 1s urgent
at any age 1f infection supervenes Little 15 known about the remote
prognosis of the untreated ductus save that 1t is rare 1n the consulting
room 1n adult hfe The matter 1s more fully discussed 1n Chapter 1X

The aunicular septal defect presents certain points of difference from
the other types of congemital heart disease It may be entirely latent
untl the second or third decade and compatible with normal activity
After that ime cyanosis and failure tend to appear With the frequent
medence of rheumauc valvular disease and in particular mutral
stenosis the heart ¢ grossly enl and auricular fibnll
may occur Infecuve endocarditis rarely if ever occurs with the
uncomphcated auricular septal defect It thus appears that each case
of the cyanose tardive must be considered on 1ts own ments and
restrictions will occastonally be necessary Unfavourable circum
stances are the presence of symptoms attributable to the leston and the
presence of enlargement of the heart Intercurrent infection may clarm
a large proportion of the members of this group and with the exception
of the aunicular septal defect the occurrence of congesuve falure 1s
relatively rare

In the cyanotic group the marm factors for constderation are the
degree of cyanosts and the seventy of symptoms Cyanosts appearing
. early childhood 1s of sertous prognostic import although some
regression of cyanosts may occur {(Wilson 1936) Perry (1937) suggests
that 1n the main cases showing cyanosis at or soon after birth rarely
survive five years Cyanosts becoming permanent after five years usually
results 1n death before puberty whilst those developing cyanosis after
puberty may lead 2 comparatively long if restricted life There are
however exceptions to tius broad prognostic classificatton but n
general the peniod of active growth at puberty 1s a critical tume
Observation of these cases over a pertod of years shows that the degree
of cyanosis may remain singularly constant and suggests that there
1s a need for revision of the current 1deas of prognosis mn this group
An 1solated blood count has not the same sigmficance as blood counts
taken at mtervals A rising blood count 1s of sertous significance The
lesions of the group that are best tolerated are the tetralogy of Fallot
the Eisenmenger complex and a complete defect of the interventricular
septum Infective endocarditis does not appear to be as frequent as 1n
the acyanotic groups A possible reason for this 1s that survnal s
longer 1n the acyanotic group and there 1s consequently more oppor
tunity to acquire a bactenial infection Each case must be considered
on 1ts ments bearing 1n mind the high mortality m early childhood
from the sevenity of the defect The presence of symptoms 1s almost
imvartable tn the group and the more severe these are the more serious
ihe outlook Surgical treatment offers the only possible help for the
patient and should be employed wheneser 1t 1s possible to establish




GENERAL PROGNOSIS AND TREATMENT 3
that the fundamental physiological difficulty 15 an madequate blood
supply to the lungs

PregnanCy Congenatal heart disease 1s a comparatively rare finding
i pregnant women because the majonty of patients with sefous
cangenstal beart disease die before the age of puberty There are many
wsofated examples of congenital keart disease and pregraacy mn the

but few collected series N Json and Pardee {1941) have
reported twenty of thexr own cases There was no mortahity 1 thewr
sertes contrasting with the 11 per cent mortalnty of 135 cases collected
from the lterature With the possible exception of coarctation preg
nancy dogs not appear to be contra indicated 1n acyanotic congemtal
feart duease Naturally ¢ach case mwust be judged on 1ts ments and
unfavousrable powts ate wnportant cardic enlargement sigas of
farlare or of funchonal wcapacity In our own experence we have
observed uncomphcated pregnancy i a wase of subaoriic stenosis
five cases of patent ductus arteriosus and three cases with an anncutar
septal defect There 1s 3 very definue fisk in cases of coarctation of the
aorta and Mendelson (1940) after the study of three cases of his own
and twenty nmne from the bterature decided that of pregnancy was
duscovered early therapeutic abortwn was desiable If termunattonq
was not feasible delwery shoufd be effected by Cagsarean section and
the patient stepthized He observed that there was definste deteroration
of the patient s condiion duning pregnancy and his analyns shows five
deaths due to aornc rupture cerebral accidents cardrac faslure or
endocarditts Personal expensence with four cases confirms the view
that ¢ s ad ! of y and preg
nancy 15 best termmated by Caesarean section and stenlazation per
formed Each of these four cases were referred from antenatal clses
with a diagnosts of hypertension and the average panty was 2§ The
frequency of preghancy tn the Lutembaches syndrome 15 a feature of
the reported cases of this group In cases such 23 the patent ductas
mtenventricular or auncular sepiat defect there as a danger of reversat
of the shunt if much haemeorrhage occurs and these dangers should be
watched for and forestalled or promptly treated by appropnate
transfusion and other means

It 1s rare for pregnancy to be observed w the severe cyanotn case
partly because few cases attaw the reproductive age and partly on
account of placed upon w this stite Shapwe
and Sunons {1934} were of the optnwon that congenstal beart disease
even if assocsated with severe cyanosss was not m stself a contra

ch {0 preg) she cyanouc case represents the
most severe type of congemtal heart anomaly and pregaancy 1 best

terminated early I some compelling reason ewsts for conteninng the
pregnancy deltvery should be by Caesarean section Expetience mn the
surgery of cyanotic congenutal heart disease shows that an anaesthetic
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1s well taken 1n these cases Uncomplicated pulmonary stenosts 15 well
tolerated and requires no special precautions

The management of pregnancy should follow the usual lines and
depends largely upon the functional capactty of the patsent The pattent
must be carefully observed and rest and digitalis used as necessary
together with any obstetrical procedures likely to mimmize strain
during the course of | and labour Sympi may appear or
e aggravated from the fourth month enwards The presence of falure
should not necessanily be regarded as an indication for Caesarean
sectton or for early induction of labour Neither should the presence
of a heart lesion be ¢ dered as an absoll d for £
treatment Digitalis should be used sf falure appears and the patient
kept 1n bed Rest should be encouraged 1n the last two months of
pregnancy

LiFE ASSURANCE Sometimes an acyanotic case with marked phystcal
signs and absence of symptoms may present himself for hfe assurance
Obviously certain types of congemital heart disease such as the cyanotic
case or coarctation of the aorta are unacceptable A well tolerated
patent ventricular septum or even a patent ductus arteriosus may be
accepted for a limited term of years not exceeding the age of 40 (East
1937) A heavy load 15 essential to cover the nisk of an infectne
endocarditts

Mebptco-LEGAL Rarely cases of congenrtal heart disease may have
a medico legal importance A large number of cases of congemtal
heart disease come under the observation of the physician and are
warned as to the amount and nature of work that they may undertake
being usually forbidden to engage 1n strenuwous work Cases of the
acyanotic type and in particular cases of coarctation and aortic
stenosts may become matters of litigation where symptoms have been
brought on by effort made dunng working hours Where a fatal attack
occurs presumed to be the result of some strenuous effort or where
ncapacity arses from sinilar causes compensation may be sought for
illness or death ansing out of or during the course of employment
d upon of a small abrasion

Tofective
or punctured wound sustained during the course of employment may
be ble A { hypopl: of the aorta and of the

coronar;' arteries has been the subject of a claim agamst a school which
was held to be hable for the sudden death of a puptl Apart from the
above aspects sudden death 1n congental heart disease may be a matter
of nterest to the coroner T Skene kerth {personal communicatton) 1
1 280 autopstes performed for the coroner found twenty two (1 7 per
cent) cases of congenital anomaly seventeen of these cases being
e year
bc?:s:::«:r%: qll"hoe“» eﬁy nature of a congemtal cardiac defect conststing
of a stable anatomucal change 1n the heart makes treatment a matter
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66

use of i diagnoss from con
stitutional precocity 66
pathology of 63-65
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treatment of 66
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Patterson s colour test for adrenal
disorders 50

Pemis 7 23 4344 46 60-62
70 74 19

hypospadias of 70 74 79

m congemtal adrenal hyper
plasia 4344 46

m constitutional precocity 23

m mterstiial cell tumour of
testis 60-62

Penrenal air msufflation 50

Pineal tumours 4 10 28-31 34—
35 93-94

mental precocity in relation to
10

Prituitary gland 31-33
Polyostotic fibrous dysplasia (see
Albright s syndrome)

Precocity (see Sexual)
Pregnancy precocious 7 19 22
youngest record of 19
Premature development
of breasts only 26 68 86 130
case reports 250-255
diagnosis  from constitutional
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of pubic harr only 28
Presacral teratoma 68 87
Prostate gland 70
Prostatic smear 4748
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male pseudo )
Psychology 9-10 22-24 79-81
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24 95
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Pubarche (see Pubic hair pre
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Puberty
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209 213

Pyloric stenosis 1n differential
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Schilder s disease 41
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93-94
case reports 194-217 230-245
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94 108-193
classification 12-13
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earliest record of 3
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frequency of different causes of
in boys 14 23 33-34 44 95
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gonadal type of 7 12 20 51
53 58-67 93-94 218-229
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Sexual precocity—(Conninued)

physical acuvity m 8

pregnancy n children with 7
19 22

psychology of patients with 9—
10 22-24 79-81 95

sex incidence of 6 34 94

skeletal development 1 10-11
19 93

study of

methods used 1n 4

reason for 4

table 13

wallung age of 1n patients with

8
Sheletal development 10-11 19
93 (see also Epiphyses
early closure of)
Spermatogenesis 7 12 25 46-47
4
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150-152

use of 1n the treatment of fe
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1sm §1-82

Strae development of in female

fol

Teratoma—(Continued)
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pineal 35
presacral 68 87
Testis 7 24-25 33 44 4649
51 54 58-63 94-95 164
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54 58
biopsy of 46 164
snterstinal cell tumour of 8 51
58-63 94
case reports 218-227
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cocity 59 62 224
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62-63 224 226
17 ketosteroids m 61-62 218
2.
malignancy of 58
pathology 58
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following removal 63
size of
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51 59 95
1n cerebral lesions 46-47
m constitutional precoctty 24
46 51

lowing cortisone 78
Substannia mgra 41
Suprasellar cyst 35 38
Syndromes
Albrights 53 68 82-86 96

case report 246-249
Cushings 43-44 78 142 215
McCune Albrights (see

Albright s)

T

Teeth (see Dental)
Teratoma

n cell tumour 59
61
normal 25
use 1n differential diagnosis of
sexual precocity 7 46 51
59
Testosterone (see Androgens)
Thyrowd disorders
hyperthyroidism (thyrotoxt
cosis) 88
association with Albright s syn
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Tuber cmereum bamartoma of
5 36-37 182
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Tuberculosis
menngitis cansed by 40
case report 185-187
meningo encephalifis caused by
40

miliary 40
Tuberose sclerosis 34 3940
case report 188-191
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Urethroscopy use of i diagnosis
of female pseudohermaph
roditism 75 230 233 236
242 244

Urogemstal sinus 69-71 75

Uterus

carcinoma of 68 87
visualised by urethroscopy 75
230 233 236 242-244

v

Vinlism 23 42 44 51-52 69 95
Vulvovaguutis 90
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Wallang age of commencement
of 1 children with sexual
precocity 8§
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precocity 10

X

X ray therapy

in cerebral tumours 38 162
173

1 constitutional precooty 1
auels 23 120

1n cranwpharyngiomata 38 173
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ism 82

z

Zona fasciculata

as site of cortical hormone pro
duction 5+

replaced by hyperplastic tissue
53
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