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CHAPTLR |

INTRODUCTION -

Congenital heart disease has become of recent years an important
branch of cardiovascular pathology Largely owing to the impetus of
the work of Abbott (1927) an increasing interest has developed not only
1 the embryological aspects but also in the clinical features and
anatonucal diagnosis of certan lesions With the development and
more universal appl of radiot I and card hic methods
many hitherto unrecognized features have been brought forward and
a reasonably accurate diagnosts has become possible 1n many abnor
maltties The recent advances in the surgical treatment of certain
anomalies has made correct diagnosis of paramount mmportance
Despite these advances the published cases are still © vely rare
where cltnical X ray and electrocardiographic data have been cor
related with post mortem findings In the minds of many there stll
lingers the conceptton of a puny cyanotic child often of indifferent
mentality as the typscal picture of congenital heart disease This 1s an
erroneous 1dea for in pont of numbers acyanotic congenttal heart
disease greatly exceeds in ncidence the cases of cyanotic disease The
acyanotic case 1s frequently overlooked because 1t may be entirely
symptomless and 1ts recogmtion purely fortustous Further there 1s a
tendency to designate any unexplained cardiac murmur as functionat
or as the result of a rheumatic carditis without arthritis the possibility
of a congenital etiology being ovetlooked

Certam features of congemtal heart disease at once command
attenuon In the first place there 15 a fixed anatomical leston with
structural alterations in the heart or great vessels that cannot generally
be removed Consequently the course of the patient 1s largely moulded
by the factor of adaptation and the m(crplay of various mechanical
forees 1n otder to assurr_ 2n ad desptte the hand
of a gross I abnormality Exceptionally some leston such as
anisolated interventricular septal defect which may be of considerable
tmportance when the heart 1s small may become as the heart enlarges
with normal growth unimportant relative to the size of the heart as a
whole and 1ts physical signs may disappear Equally a leston such as
coarcfation may become more important as age advances because
givwth of 1he defect may not be commensurate with growth of the
aorta This furnsshes an mmpetus to the development of a collateral
circulation In most cases a congenutal lesion smposes a stratn on esther

1




2 CONCENITAL HEART DISEASE

the left or the right side of the heart and with certain rare exceptions
these sites of stramn are exposed to the lethal effects of a superimposed
bactersal endocarditis

The various factors of adaptation are well known 1n coarctation of
the aorta where a collateral circulation may be the means of prolonging
life to 1ts normal span despite such a gross lesion as occluston of the
aorta m the distal part of its acch Again the polycythaema of the
morbus caeruleus 1s a classical example of adaptation by the indivdual
to a gross anatomical handicap

The maintenance of a pulmonary circulation in the severe anomaltes
must always be a matter of paramount importance 1n view of the
necessity of a supply of aerated blood 1if Iife 1s to be maintained In
some severe anomalies and 1n transposition of the vessels the per
sstence of one or ail of the foetal onfices the ductus arteriosus the
foramen ovale or a defect of the nterventricular septum at feast
assures that a certain proportion of the blood stream 1s deflected
through these channels to gain access to the lungs Where transpositton
15 assoclated with a common ventricle the phenomena of the tuctle
heart are plainly vistble Not only 1s admixture of blood slight in the
common ventricle but the very fact of transposition tends to bring the
vessels adjacent to their appropriate aurtculoventricular onfices In
Spitzer s theory the morphological stmilarity of the deformed heart to
that of the reptile 1s clearly exemplified In pulmonary atresia the rok
of a patent ductus as the sole source of blood to the pulmonary circu
lation is only too cleatly emphasized It 1s remarkable that late closurc
of the ductus may take place 1n pulmonary atresia with lethal effects
to the indwvidual Other anatomical adjustments again made necessary
by the need for a pulmonary circulation adequate to the patient are
the hypertrophied bronchial arteries evident 1n some cases of pulmonary
atresia some cases of persistent truncus artertosus and n a few cases
of transposition of the vessels

In spite of these adaptations there occurs from time to time a case
where the anatomical conditions present are such that the greatest
difficuity 1s experienced 1n determiming how an adequate supply of
aerated blood reaches certain organs

The blood supply of the heart itself may be impenlled in certain
abnormalities The possible sources of a blood supply to the heart have
been summanzed by Mahon (1936) 1n relation to a case of aortic
atresia  where the aorta was a cul de sac of 2 mm diameter The
coronary arteries arose 1n thetr usual situation and blood reached the
ascending aorta through a widely patent ductus artersosus Wearn
(1933) and his co-workers showed connections between the coronary
arteries and the cavities of the heart by means of ceflordin injections
and wax plate reconstruction They noted two types of vessels arterto-
fuminal and arteniosinusoidal  The latter 1 virtue of their coutse



INTRODUCTION 3

amongst muscle bundles and fibzes appear to be consected with the
poutishment of muscle In Bellet and Gouley 5 {1932) case of aortic
atresia with closed septa such small channels were demonstrated and
no doubt 1f matenial was more {requent and exvamination more rnute
it would be possible to add other examples of such 2 mechamsm An
addutional blood supply to the heart may be furnished through the
extracardiac anastomoses of Gross (1921) Beck (1935) has shown

p ally that the to this h 15 greatest when
there 15 most need for 1t It 1s possible that some blood supply to the
heart may be acquired through the coronary sinus and sts ramifications
Lastly the coronary artenes may have abnormal ongins as shown else
where {page 90) Other aspects of adjustment of the crculation are
discussed under the respective lesions

Certain congenttal cardrac defects have been considered by Holman
{1937) m tegard to thew role as intracardiac fistulae Where there age
septal defects and some associated obstructive lesion as for example
pulmonary stenosts the general result 15 that the volume flow of blood
18 d amongst the thus producing notable
effects Not only may cyanosts be caused by abnormal venous arterial
shunts but the increased flow of blood through the chamber feads to
its hypettrophy and didatation The dilatation 15 simply due to the
mereased volume of blood that the chamber has to accommodate
Hyperirophy s the result of the work performed by the heart in
ejecting this increased volume of blood and 1n overcoming an abnormal
peripheral reststence imposed by the defeet Thus a dextroposed aorta
lymg astnde a high ventricular septal defect leads to the night ventricle
shaning s the work usually uadertaken by the left Sumilatly an
abnormal communication such as a patent ductus arteriosus whete up
to 70 per cent of the blood ejected into the aorta may pass mto the
putmonary artery there 15 a gradual hypertrophy of the left ventricle
which may be reflected both in the electrocardtogram and i the radio
logieal picture It 15 singular that the patent ductus does not produce
more marked symptoms aad signs of cardiac embarrassment A pert
pheral arteriovenous fistula Jeads to marked ecardiac enlargement
because blood escapes 1o a capacions venous system at low pressure
In the patent ductus constrction of the smaller pulmonary branches
probably creates an area of peripheral resistance tending to himt flow
tnto the pulmonary artesy by mamtaning a degree of pressure 1t the
tatter vessel

With a view 10 1esting that an sncreased solume fiow was a productive
stimulus to ventricular hyp phy Holman ity created
ventricutar sepial defects i dogs The effects produced were dependent
upon the size of the defect ereated Where the defect was large there
appeared dilatation of those chambers through which the shumt passed

the changes being most appatent in the left ventriele nght ventnicle
B

-



4 CONGENITAL HEART DISEASE

pulmonary artery and the left auricle Dilatation was confirmed by
sertal X ray pictures and the presence of hypertrophy established at
autopsy The converse may be true and a diminished volume flow
leads to hypoplastic changes from functional inactivity Such changes
are apparent 1n the left ventricle in mutral atresta or i the small
aorta of aortic atresta and of some cases of ventricular septal
defect

THe Cor PULMONALE Congenital heart disease tvolving the night
side of the heart pulmonary stenosts and dilatattion tricuspid incom
petence and to a certain extent the long standing patent ductus
arteriosus may be the cause of the cor pulmonale Fineberg and
Wiggers (1936) using a method of compression of the pulmonary
artery showed that when the lumen of the artery was reduced up to
58 per cent there was a fall 1n venous pressure and the right ventricle
became distended At the same time owing to less blood reaching the
pulmonary circulation and hence the left ventricle there was a
diminished output from the left ventricle and a fall 1 aortic pressure
Brll and Robertson (1937) indicate that 1n these circumstances there
15 less blood avatlable for the coronary circulation and a vicious circle
15 estabhished which accelerates failure of the right ventricle Death
may result from congestive failure or from failure of the pacemakers
before there 1s trme for congestive faure to appear Thompson and
White (1936) estimate that hypertrophy of the right ventricle appears
within two months of obstruction 1n the pulmonary circuit The same
authors state that the most frequent cause of right ventricular hyper
trophy 1s left ventricular strain and failure for when the left ventricle
farls the lungs become congested and thereby place a load on the right
ventricle

The cor pul le develops quite mnsidiously and may be present
for years before actual fmlurc appears The signs of failure are those
of congestion distended vemns in the neck an enlarged liver and
oedema The physical signs are those of enlargement of the night
ventricle together with the signs of the causal valvular or other disease
The pulmonary second sound 1s accentuated and the blood pressure
tends to be low The assessment of the enlargement of the right ventricle
may be difficult owing to its ana!omlcally antertor position It may
however be rad d by all in the contour of
the heart or by nght axis dcvnatmn 1n the electrocardiogram Although
dilatation of the pulmonary artery may be apparent on the screen 1t 1s
not always present at autopsy This dynamic dilatation of the pul
monary artery has been noted by Brill and Robertson (1937) Schwedel
and Epstein (1936) and oth:rs Cough and dyspnoea are often present
as well as symp! by of dual viscera In
congenital heart cases death often occurs without the :ntervention of
mnrlcd congestive failure In the cyanotic types where there is some
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fesson of the pulmonry tract death ss often the result of some respt
ratory wfection which 1dds embartssment to 1 tirewdy embarrassed
nght side Death with congestve fuddare and wusieulir tibrllation o
practyally only seen a the aunsular septal defect and perhaps i 1hus
case may be the result of the commonly assoctated vahular leston of
mtral stenosis

PARADOVICAL EvroLisy When thrombotic or other matetwal from
the night side of the heart reaches the systematte circulation through a
defect of the lar septum parad 1 embolism 1s sad Vo occur
Rostan {(£874) who observed seven cases at autopsy where he thought
that an embolus derned from the aght side of the heart had passed
through the foramen ovale seferred to the condiion as  crossed
embolsm  The term  paradoxical embolismy Wwas subsequently used
by von Recklingh The classicat P 1s af ats occurrence
only 1a cases of patent foramen ovale or other auncylar septal defect
Actuatly it may take place i cases where there is dextroposion of the
aorta and an smterventnicular septal defect or in the patent ductus
atteniosns  Abbolt has teporizd twehe cases i which paradoucal
embolism occurred m the above anatonucal conditions The typical
case shaws a coted thrombus passing through the auvrcular sepeal
defect mto the Jeft avncle The embolus sa usvally denived from a
thrombus 1n the femoral or other vens Zahn (1881 was among the
first to report such a typrcal case and others are those of Barnard (1930)
and Thompson and Exans(1930) The laster authors and Beatue (1925)
discuss the changes that may favour paradovical embohsm i the
auriealar septal defect It appears that attacks of pulmaonary embolism
precede the paradoxica! embolus A sudden acclustan of the pulmonary
artery or of one of its important branches leads to a nse in the pul
monary pressure and a steep fall i the systemic blood pressure
Comaidentally there 15 2 nise 1 pressure m the nght awncle which
favouts the possible transmussion of the embolus through a defect of
the aurteular septum Nosmally the pressure n the left auncle 1s
sufficient to keep closed the valve hke flap of the foramen ovale in
cases that are potentrally patent In pareathests it may be remarked
that a simafar sharp falt w the blood pressure may ocewr m coronary
thrombasts and may give rise to dificulty m the differeatiation of this

from y emb partcularly 1 post operative
cases There is the expersmental evidence of Haggart and Walker (1923)
to show ¢hat a sudden occlusion of the left braach of the puimonary
artery causes & rise of 29 per cent 1 the pulmonary pressure angd that
in total o~clusion of the trunk a nise 5o pressure up 1o 250 percent may
be antrerpated These rises m pulmonary pressure were shown to be
actompanied by a sharp fall in systemec blood pressure Consequently
1 there 1s a defect of the auncudat septum elot and throwbotic matenal
rmay pass from the right auncle to the &&ft Accordins to Thompson
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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

lex cor triloculare bratriatum and the atral 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 Blauner and Heys {1946)

It 15 almost ble to be ly certain of the d of
paradoxical embolism 10 cases where an auricular septal dcfccl 1523
latent abnormality although the condition may be suspected mn cases
which show 1nf: 1 both 1 Itis ble to be more
posttive 10 diagnosis when embolism occurs in both circulations 1n
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cases of patent ductus arteriosus and the tetralogy of Faliot The
occurrence of a bramn abscess m the Jatter condstion 1n the absence of
local predetermining causes s almost certamly due to paradovical
embolism However the dragnosts wiff rarely be positively made durmg
hfe although it may be suspected of the chinical phenomena are kept in
mund Usually the extreme rapidity of death following upon mmpertant
pulmonaty embolism gives small opportunty for the recogmtion of alf
the of the di The t picture from a diag
nostic point of views 15 one m which pulmonary embotism 1s followned
by numerous embolt in the systemuc ewculation The diagnosts 15
naturally strengthened by the presence of congenital heart disease
The p 1510 general poot




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

T of its parts the tube t hinked upon itself
and rotated upon its long axis It assumes an S shape the two

°
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curvatures of which are not in the same plane the lower curve being
1o the left and behind (fi, 1) The common ventricle 15 antestor 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 yenosus are situated
slightly above and posteriorly In the fifth week there also appears the
first signs of the septum primum the bulbar ridges and the endocardial
cushions of the atrtal canal As the auricle develops 1t expands laterally

230

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

&~

and tends to overlap the bulbus which embeds ttself 1n the auricular
furrow The smus venosus opens 1nto the right side of the aunicle and
1s still a separate sinus 1nto which enter the venae cavae The atnial
canal connecting the common auricle and ventricle opens 1nto the left
side of the latter In the sicth week the septum primum fuses with the
endocardial cushions of the atnal canal and the septum primum 1s
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 sinus
venosus tnto the auricle the formation of the coronary sinus from the
duct of Cuvier and the development of the septum spurium 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 1
the heart of the fish and 1s provided with valves 1ts function being to
provide a means of regulation of the blood supply to the branchral
system As the ammat scale 1s ascended the necessity of a pulmonary
crrculatton leads to 1ts restriction to the night side In the embryonic
human heart the bulbus forms the outflow portron and 1s situated at
the night end of the common ventricle 1ts extrapericardial portion
being continued as the truncus arteriosus Within the bulbus ate various
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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 transitory structure disappearing dunng the course of normal
development and becoming mainly incorporated 1nto 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 associated 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 congemital heart anomalies arise as the result of
arrest or interference 1n the normal process of involution of the bulbus
Reflection on 1ts role 1n the formation of the infundibulum and 1ts
contributtons 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 stenosts and hypoplasta of the pulmonary tract but
also to transposition Its persistence 1n the left ventricle results in sub
aortic stenosts

In the early stages of development the bulbus hes 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
ventricular 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 artertosus 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 ridge 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 1o lie on the right hand side and the antenior division on the
left Subsequent modtfication 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 Il valves The 1 valves th Tves are derved from
four endocardial cushions 1n the distal portion of the bulbus The rizht
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and left of these cushtons fuse 1 such a manner 25 to form the dustat
bulbar septum and to leave 1n each half of the divided bulbus three
cushions from which the sequiunar valves are developed The distal
bulbar septum Jomns the aorticopulmonary septum abose and the
proxtmal bulbar septum below The protimal bulbar septum 1s denved
from the proxtmal bulbar swelltngs or fidges which are centinuous
with the right and left bulbar swellmgs so that when unton 15 effected
the bulbus is dissded nto acstic and pulmonary channels The fusion

Fia 2 The bulbar septum a drsposition of the butbar
ndges ® normal absorption of bulbus ¢ excessive
back torsion about fidge A

of the proximal bulbar septum with the mterventricular septum com
pletes the diviston of the heart 1mto a nght and left side

The recent work of Pernkopf and Wittinger (1915) suggests that
there are two main stages 1n the development of the heart The first
stage 1s concerned with the formation of the bulbo-ventricular bend
and the bulbar Jank At the completion of this stage the bulbar ridges
pursue a spiral course of 270 (fig 2)

The second stage is related to the absorption of the bulbus This
process 15 necessanly a complex one and various twists or torsions
take place 1n order to bring the different parts wmto their carrect align
ments Inspection of 2 normal heart shows that 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 normlly ends 1n 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 aurcutar spur showsng farture of atrophy w this
region
Pulmonary stenosts and hypop result from ks on of the
conus of the pulmonary artery between an abnormal bulbo-auncular
spur and a septum des eloped by excessive back torsion about Ridge A
A septal defect 1s cluefly the result of maldevelopment of Rides 3 B
Correct torston brings Ridge 3 over Ridge B whilst detorsion tends to
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116 3 Dragrams of dital and proximal bulba osts2 in vanious ypes of transpasthion
With increased boek tormon at ine proxpat osuem esther around ats ceptre or
round nidge 4 there 15 a lack of torsion at the dustat ostiwm (Lev and Saphury

place these structures apart Whete there 1s improper formanion of the
aortic vestibule Rudge 3 B 15 under developed and a seplal defect
vecurs

Lev aad Saphir s work wiile difering 1 datadt has conficmed the
broad cenclusions of Ketth that transposition was the result of defectne
absorption of the bulbus It has also emphasized the sntegral part
played by the bulbus 1n the early stages of cardiac development

The Atrial Canal This sntervenes betveen the single auricle and
ventricle of the pnmitwe heart Four endocardial cushions appear
within 1t and the antentor and postenior of these fuse to form the
auniculoventnicular ontfices Up to this Uime the musculature of the
auricle and ventricle ts continuous but with the formation of the
orifices connective tissue grows m from the atnal ning seversng the
muscular hnk between auncle and ventndle A few strands of muscle
tissue escape and run down on the antero Tateral 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 mterauricular 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 aurculoventricular
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

FiG 4 The formation of the interauricular septum (After Walmsley

Quain s Anatomy }AC atrialcanal aec and pec antertor and posterior

endocardral cushions cs coronary stnus Ev Eustachian vahe ro fora

men ovale P foramen primum Rsv and 1sv right and left sinus valves
s1 septum prnimum s? septum secundum

wards towards the atrial canal Its lower margin 1s concave and when
fusion of 1ts extremities takes place with the endocardral 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 onginal attachment of the septum primum This 1s the septum
secundum which grows down towards the atnial canal so that the two
septa overlap and a sht ltke passage the foramien ovale intervencs
between them The free edge of the septum primum 1n the left aurtcle
persists as the valve of the foramen ovale The foramen ovale remains
patent until birth when 1t may erther completely closc or persist as a
shit Ithe commumication between the two auricles

Failure of devclopment of the interauncular septum results n 2
persistent ostium primum  persistent ostium secundum or a patent
foramen ovale A perststent ostium primum 1s assocrated 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 formation of an adequate pulmonary circulation The first nds
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 point
1s not by upwards extension but by hollowing out of the primine
ventricular musculature to form the two cavities Dorsally the septum
1nfenius fuses with the postertor endocardial cushton of the atnal canal

Fi6 5 Separation of the aortic vestibule (Adapted from Gray s
Anatomy 1932 25thEd fis 188 189)

near its ight end The septum wnfenus at this stage has a free concave
upper margin

Between the auriculoyventricular orifice and the proximal part of the
bulbus cordis there 13 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 formation of the
aortic vestibule During the formation of the septum infertus this nidge
1s absorbed with the result that the night end of the atnial canal comes
to lie beneath the bulbar onfice The nght and left bulbar ridges
continuattons of the might and left bulbar endocardial cushions
together form the proumal bulbar septum The right bulbar nidge
grows across the wall of the bulbus to the right extremty of the fused
auriculoventricular cushions where 1t fuses with the free margin of the
septum inferius obhterating part of the auriculoventricular onifice The
left bulbar 1idge grows along the free margin of the septum mferius
until 1t meets and fuses with the right bulbar ndge As the proxtmal
bulbar septum develops the ventral portion of the bulbus becomes
1ncorporated in the nght veatricle to form the 1ofundibulum The dorsal
portion 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 interventricular septum fuses with the right
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extremity Thus between the nght 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 mvolution of the bulbus and abnormahties of torston as
discussed above Most defects of the interventricular septum are conse
quently assoctated with other cardiac anomalies The isolated defect of
the ventricular septum 1s generally anterior to the membranous septum
and due to arrest of development of unknown origm It 1s rarely due
to a persistent interventricular foramen It may be due to a slight dextro
position of the aorta a minimal form of transposition Defects towards
the apex of the ventricular septum have a morphological interest as
such 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
gental 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 simple muscular
organ designed to drive venous blood forward to the gills Ongnally
1 the lowest animal orders a stmple straight cylindrical tube it
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 1s roughly bilaterally symmetrical The most
posterior of the chambers 15 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 tmpulse otiginates in the sinus venosus and the
blood 1s propelled forward by rhythmic contraction passtng successtvely
over the chambers This b 1s of fi for 1n the human
heart the impulse arises in the sino-auricular node A venous valve of
tWwo cusps mienenes 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 sttuated somewhat dorsal to the common ventricle
The common auricle commumicates with the large thick walled ventricle
which tapers towards 1its 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 gises off the branchual arches
at 1ts extreme anterior end The development of the bulbus vaties in
the different orders of fishes In the Elasmobranchs (sharks and rays)
1t 1s 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
Dipnor (mud and lung fishes) where there 15 a double resprration by
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Fi 6 The heari of the tsh & 5 elasmobranch © b teleost {Band ¢
% Quam s Anztomy 1929 Vol %I partd paged g B

Fi 7 The heart of the frog avv zutcufosentricular
vahe 2vo bulboventncular anfice sy spiral vahe
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lungs as well as gills the bulbus 15 spirally twisted upon stself 1nc
partially divided 1nto two channels by fused valves thus representing ¢
stage 1n cardiac development between the fishes and the amphbia I
addition 1 the Dipnor the auricle 1s divided by an interauncula
septum and the sinus venosus opens 1nto the night atrium

In the amphibia certatn changes take place in view of the development
of a pulmonary cireulation and the disappearance of the gills (fig 7)
The heart acquires the shape charactenstic of the higher vertebrates
and the S shaped curvature of the heart tube 1s such that the auncle 1s
carned dorsal to the common ventricle so that the latter opens back
wards into it The sinus venosus s also carned dorsally and opens
downwards into the auricle The auricle 1s partially subdivided into 2
large right and a small left auricle by a crescentic interaurscular septum
the free margin of which 1s above the auniculoventricular onfice The
left aunicle recetves a pulmonary vein and the sinus venosus opens Into

Fic 8 Duagram of reptilan heart (After Quain)

avy auriculoventricular valves Bvk bulboventriu

lar idge above which mises the left aorta LA € VEN

and ¢ ART divistons of the dorsal ventricle vy night
{(ventral) ventricle

the night auricle The sinus venosus still remains a separate chamber
recenving the ducts of Cuvier the nferior vena cava and a coronary
vein The bulbus 1s spirally twisted and contans a sptral valve but s
however incompletely partitioned Small coronary arteries are derived
from the first arch

In the reptiia (fig 8) the heart 1s more specialized and 1s dided
1nto two sides by the auricular and ventricular septa The interauncular
septum meets the auriculoventricular onfice and divides it Inthe higher
types the sinus venosus ts more or less incorporated mnto the nght
aunicle but i many species it remains an actual chamber guarded by 2
sinusvahe The pulmonary veins open into the left auricle The ventricle
15 divided 1nto two chambers a small anterior and a large posterior by
an interventnicular septum with a free concave upper margin in the
lizard snake and tortoise In the crocodile the interventricular septum
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15 complete A nght and left zorta are in relation to the posterior or
left ventuicle and a pulmonary artery springs from the anterior or night
sentucte Al three great vessels are furmished with a breuspd vahe
A feature of the reptihia 1s that the bulbus no longer exsts as a separate
chamber and has become submerged sn the ventricle It has undergone
a spiral twist and by fuston of sts valves been partitioned 1nto the two
aortae and the pulmonary artery

In the bird the septa are completely formed The bulbus has dis
appeated and both aorta and pulmonary artery bear thtee cusps The
SIUS \enosus 1$ imeotporated in the night aunele The tncuspid valve
consssts of three thick muscular folds and the mutral valve has three
cusps The aoria crosses the night bronchus

Tt 35 thus possible to tace the penerat evolationary hines of the heart
{fig 9} It begins as a sumple muscular enjargement designed to pump
blood to the gitls Later 1t 1s subdtvided wto four d
by valves sn order to ensure the forward flow of the blood Beginning

| ﬁlL F
WE WE A ’JV A
A B8 ¢t E F

Fig 9 Dagram showing the heart i differant verte

brates a elasmobranch s teleosts ¢ amphiba

& lower septifes v alkgatar £ buds and snammals

a awrcle b bulbus cordis s smus venosus v
sentrle {Afier Kingsley)

with the fish 1t gradually acquires an § shaped bend and valves appear
30 the bulbus cordis As the scale 15 ascended and the transition ocenrs
from the gil breathing to the lung breathing types the heart 1s divided
snto two sides for the purposes of a pulmonary and a systemse circu
fation Defimte subdnssion of the auncles takes place i the amphibia
and smportant subdiviston of the ventrcle tn the reptilia becomung
complete i the crocodiia The bulbus cordis ceases to exist as a
definste sepatate and functional chamber afier the amphibia but 15
present in the embtyontc state of all the vertebrates It first becomes
spuratly twnsted and pattrally subdivided n the Dipnoean Gishes An
incomplete spiral septum dwndes the bulbus 1 the amphubia This
becomes complete 1n the rephlia where the butbus 15 partitioned into
three compastments comprising two ortac and a pulmonary artery
Above the reptihia 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, ETIOLOG?
CLASSIFICATION

Frequency

It 35 difficult to atrive at any exact figures selative to the madence of
congenttal heart disease The recognstion of congenttal heart disease
15 to some extent proportional to the knowledge and intetest of the
observer and 1t 15 onty within the last few years owing to the pioneer
work of Abbott {1927) and the more recent advent of surgical treat

mert that any deep interest in the subject has been penerally displayed

Previously it was considered unwise to venture beyond the mere diag

nosis of congemtal heart disease probably because hitle could be done
m the way of treatment and many cases especially i the acyanotc
groups escaped ctrological recognition Even to-day despite the imph

cattons of surgery there 1s some hesitancy 1n diagnosts although a
Jarge votume of clinical and other evidence pernuts reasonably accurate
recogmtion of a number of anomalies There remans howeser a
singular dearth of 3¢ of de such as 15

falling mto two mamn orders post mortem and chimical A mass of
autopsy evidence mostly from American sources 1 gradually aceumu

fating owing to wpetus given to the matter by Abbott {1936) but
there 15 Iittle of such work from Bntish sources The more recent
information 15 summarized 1n the table below

Tantk 1 {PosT MORTEW INCIDENCE)

Caser of
Congemial
Total Hears Percentage
Autopnes Disease of Cases
Rannels and Propst 4255 36 08s
Szypulsia 7500 111 017
ris 27017 197 €009
Dolgopal J 082 &4 59
MeGunn and White 7500 67 om
Philpat 7240 20 1t
Lreech 13118 170 129
Wcholson 1851 37 20
Ferplan and Sanes
[children under three) Buffalo — — 54
Prague o 13
De fa Chapelle 2683 31 036
Jacotnus and Moore 1600 31 81
¥agham (Mayo Chinic) 8314 87 108
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From these figures 1t appears that the average mcidence 1n all post
mortems 1s in 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

Clhinical statistics are equally scarce and are again mostly denved
from sources other than British This 1s surprising because there exists
tn the British Isles a school medical service whose responsibility 1t 1s
to examine all school entrants at the age of five Heart cases are how
ever only segregated into organic and functional and only where
special heart elimies are conducted by the vartous authotities 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 derived
from this source

TABLE I
Cases of
Congemtal Percentage
Heart Disease of cases
Whate and Jones (1928) 1543 25
Wyckoff and Lingg (192 1001 05
‘Wood Jones and Klmbmugh (19°6) 300 10
Stone and Vanzant (! 913 10
Myers (1927) 510 20
Willuss (1926) 330 10
1ko (1930) 867 10
Coffen (1929) 1344 o1
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 organte heast dlsease are of congenttal etiology It seems probable
that with the d m the recog of these cases by
chinic1l methods this figure may shghtly mncrease

Etiology

From an etiologreal pomnt of view congemtal abnormalittes of the
heart fall into two muin groups The first group comprises those cases
due to a primary arrest or defective development occurring before the
eighth week of 1ntra uterine ife "The second group includes those rare
cases which are the result of infection transmitted by the mother to
the foetus after the second month when the septa have closed

Hope (1839) believed that the commonest cause of heart anomalies
was an arrested development Bouiltaud (1835) recognised the dual
origin by arrest of development or infection Defective or arrested
development 1s responstble for by far the greater number of congental
heart cases and most experts would now doubt the tmportance
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ongmnally attributed to foetal endocarditis What other factors may
cause errors 1n development remarn largely a matter of conjecture

A study of any large seres of congenital heart defects will reveal the
not mnconsiderable frequency with which there are defects elsewhere in
the body and dispel any doubt that their comncidence 1s accidental
Figures of such an association vary within wide imuts from the extreme
of 54 per cent (Jones 1926) to 18 per cent (Abbott 1927) and 11 per
cent (Vierordt 1898) Brumhik (1937) noted 6 per cent tn chinteal cases
and 23 per cent 1n avtopsied cases Such associated visceral or somatie
abnormalities may be transposition of the viscera cleft palate hare lip
poly and syndactyly congenital herata spina bifida and others In
our experience one or more accessory mpples appear to be the

of all d cong: I abnormalities

Chest deformities are quite common 1rrespective of any history of
infantile asthma pneumoma bronchitis or rickets Attention has been
called to the frequency of Harrison s grooves 1n severe grades of con
genital heart disease by Naish and Wallis (1948) Luttle 1s known of the
exact causation of these sulct Sheldon (1938) suggested that pulmonary
atelectasts occurring as a2 complication of heart disease probably caused
indrawing of the intercostal spaces

Mongohsm and arachnodactyly are of especial interest owng 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 occuras 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) and 1t 1s within the expentence
of most physicians to observe the first chuld of a famuly thus affected
1t 1s only rarely that more than one mongol occurs in a family Maternal
age 1s stil held by many to be a most rmportant factor and both

hormones (Brousseau 1928) and vitamins have also been incrimunated
as etiological factors The work of Meyer and Cook (1937) shows that
1n some cases there 15 4 fibroglal sclerosis involving 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 mongoltsm 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 n the absence of a congenrtal heart
lesion The frequent assoctation of congemital heart disease with
mongolism has long been recognized Figures of the mncidence of con

gemital heart disease 1n mongols have been grven by Thompson (1920)
who found heart signs tn one of every five examined Other statistics
have been contrsbuted by Thursfield (1926) who found heart disease m




24 CONGENITAL HEART DISCASE
16 per cent Spuhler (1929) 25 per cent Edelhaus (1932) 21 per cent
Abbott (1927) considered that the defects of the atrial septum and 1
particular a defect of the septum primum were the commonest abnor
malities present 1n mongols Silvy (1934) found signs of the maladie d
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 i the mongol Arachnodactyly was first described
by Marfan (1896) and 1s an hereditary disease The most promunen!
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FiG 10 Showing age of mother at birth of mfant with congemital
heart disease and place mn the family of congenstal heart disease
and mongols (From G F Sti))

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 The joints show excessive
mobility owing to relaxation of the ligaments ~Associated with the
skeletal abnormalities there may be deformties of the feet kyphos:$
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 congemital abnormality of the heart or
aorta 1 present 1n a large number of cases Rados {1942) analysed the
Iiterature up to 1940 and collected 204 cases cardtovascular abnor
malities being present 1n sixty three Aurcular septal defects occurred
mn three of four cases of Piper and Irvine Jones (1942} and inter
ventricular septal defects patent ductus arteriosus aortic regurgitation
and cardiac enlargement have all been mentioned An nteresting
associated anomaly 1s J osis of the aorta {ly accom
panted by dissecting aneurysm in some 1nstances 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 Oppenheimer (1943)
Etter and Glover (1942) and Uyeyama Kondo and hamins (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
multiplicaity of structures that may be wvolved Whatever its exact
etiology may be 1t seems clear that the factors 1 its production
operate early 1n foetal life at 2 time when the heart may be mfluenced
Elhs and van Crefeld (1940) have described a syndrome charactenized
by ectodermal dysplasta polydactyly chondrodysplasia and congenital
heart disease

The occurrence of congental heart disease m monsters has only as
yet been partially studied In the embryological sense the term monster
designates a foetus or full term child 1 which malformations are
present whether of the heart spine or other organ Mall (1917) stated
that monsters were not due to any hereditary fluence but were due
to factors 1n the environment of the foetus The tendency towards the
predominant mvolvement of one system was thought by him to be
evidence that different tissues were affected at critical stages m their
development He found that most monsters developed before the
eighth week Scammon (1925) stated that monsters could be produced
by certain chemical or physical agencies such as extremes of tempera
ture X rays and chemical changes tn the surrounding fluid of the
developing embryo These experimental and enviropmental matters
have been discussed by Reid (1931) Keith found a malformation of
the heart 1n fourteen of twenty three malformed foetuses and a personal
unpublished series shows a high mncidence of cardiac anomalies 1 spina
bifida anencephaly and other severe malformations Mall found
monsters to be twelve times as frequent amongst abortions as 1o full
term births The causes of abortion are well known and include patho
logreal conditions of the chofion and amnion uterine disea e rmperfect
implantation of the ovum endocnne disturbance and avitammosis In
regard to this latter 1t has recently been shown (Warkany 1944) that
female rats fed and maimtaned on a diet deficient in vitamn A produ ed
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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 cardiac septa are all but formed and there 1s
no evidence that they are functioning organs apart from this The sub
1ects of congenital heart disease supposedly mitrated by rubella have
not been demonstrated to be cases of simultaneous hypoadrenalism
The of arachnodactyly I cataract and defect of
the auncular septum mught now bear imvestigation 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 significant
disease The best approach will be the examination of the children of
mothers definitely known to have had infectious diseases 1n 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 mught well recenve an injection 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 disease attain maturity and fewer still reproduce so
that any assessment of the importance or otherwise of this factor
remains almost mmpossible 1n the present state of knowledge The
reported cases mainly suggest that heart anomalies arc more often
found 1n members of the same generation than 1n the ancestors Abbott
(1927) found a heart anomaly in brother or sister m eleven cases
Patent ductus arteriosus has been found n twins (Smuth 1929 Brown
unpublished) (fig 42) 1n sisters (Jewsbury 1912 Elhs 1933 Snelling
1937) Congemital idiopathic  hypertrophy has occurred 1n sisters
(Sprague Bland and Winte 1931) the maladie de Roger in mother
and child (Debre 1923) septal defects 1n a father and four children
(Seitz and Baumann 1935) congenstal heart block in 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
sister 1 s1¢ 1nstances (g 43) On the other hand m dextrocardia a
defect of no chnical signficance 1ts occurrence 1n four generations was
noted by Lancist (1701) and in three generations by Muir (unpub
lished) In all the hterature contains sixty three reports of congenital
heart disease 1n two or three members of a family (Courter et al 1948 )
The genetics of transposition of the viscera and dextrocardia have
been studied by Cockayne {1938) Rosler (1928) observed consangutnity

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 in either the sperm or the ovum
before fertthzation and 1f this view 1s correct there must always be a
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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 d by une il 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 1s unclosed and the ductus arteriosus sl
pervious conditions which clearly point to the eustence of obstructions
at the pulmonary onfice duning foetal Iife It may be nferred that
the disease processes on which they depend are 1n 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 sttnbuted this to
the more intimate connection of the nght ventnicle 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 increased
Tability to disease of the night side of the heart i the foetus The theme
of foetal end ditis was sut 1y lified and for a long time
1t was a well recogmized etiologscal factor 1n certain lestons Increase
1n knowledge and expenience has largely displaced foetal endocacditis
from 1ts former role of importance As a matter of climeal observation
3t 1s uncommon to observe 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 m
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 nfluence 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 nfection 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 simularly 1n those cases where a coronary artety arises from the
pulmonary artery

SEX INCIDENCE In Abbott s (1927) series the males are 1n excess of
the females the ratio being about 4 3 In a serses of 300 cases (unpub
Iished) observed by Brown and Muir the females are shghtly 1n excess
of the males There are however certain pecultarities 1 the distribution
of the cases between the sexes at once discernible 1f any long series 1s
reviewed Simple patency of the ductus arteriosus 1s nearly twice as
frequent in the female as in the male while the Lutembacher syndrome
(mitral stenosis and nterauricular septal defect) appears to be almost
exclusively found tn the female The uncomplicated auricular septal
defect 1s commoner 1n the female A bicuspid aortic valve 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 incidence i
the sexes 15 about equal but 1n more complicated anomales such as
the cor biloculare and cor triloculare the d 1n the male exceeds
that 1n the female

Congenital heart disease may be encountered at any age but naturally
1S more common 1n 1nfants and young children As many cases dre
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 comparattvely old age The
race to which the patient belongs does not mfluence the incidence as
far as can be ascertained

Classification

Several classifications of congemital heart disease have been proposed
The importance of cyanosis has tong been recogmzed and 1ts existence
or non existence o 1ts occastonal occurrence has been used by Abbott
and Dawson (1924) as a basis for their well known groups Their

classification 1s as follows

(A) OF CLINICAL SIGNIFICANCE
1 No~ Cyanotic Grour

(1) Cases 1n which no abnormal communication exsts but in which
the defect may produce a mechanical interference with the circulation
and become the seat of strain

Perncardial defect

Ectopa cordis

Primary 1dopathic hypertrophy
Congenttal heart block

Anomalous septa

Pulmonary and tncuspid insufficiency
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Aortic and mitral stenosts
A lies of ) ang auricul icular cusps
Coarctatton and hypoplasia of the aorta
Anomalies of the aortic arch
Congenital arteriovenous aneurysm
Anomalies of vewns and of the pulmonary artery

{2) Cases of artenal venous shunt with possible transient or termunal
reversal of flow (cyanose tardive)
(a) Defects of the auncular septum
Persistent ostam primum
Persistent ostium secundum
Patent foramen ovale
Muluple defects
Complete defect Cor biventriculare and triloculare

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

(c) Patent ductus arteriosus
(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 atresta with atrial septal defect and transposition of
vessels
(6) Marked Cranosis
Tetralogy ot Fallat
Pulmonary atresia with ventricular septal defect
Transpositton of trunks with ventricular septal defects

(¢) Extreme C)anosis
Cor biloculare
Persistent truncus artertosus
Transposttion with closed ventricular septum

Pulmonary atresta with closed septum
Aattic and rmitral 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

I Anomales associated with septal formation
Cor biloculare
Cor triloculare biatriatum
Aurncular septal defects
Ventnicular septal defects
Persistent truncus arteriosus

11 Anomalies assoctated with torston of the cardiac tube and

11 A \ d with the devel of the bulbus cordis
Subaortic stenosts
Pulmonary sterosis
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 concerns those cases
which are compatible with hfe and th of interest to radiofogist
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 Fallot

Eisenmenger s Complex

3 Evtracardiae Shunts

Patent ductus arteriosus
Arteriorenous aneurysm

4 Miscellaneous Anomalies

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

Jdiopathte dilatation of the pulmonary artery

Congenital aortic aneurysm

Aberrant pulmonary veins with atrial septal defect

Anomalous onigin of coronary artery with left ventricular
dilatation and hypertrophy

Congenstal hypertrophy from whtch von Gierke s disease must
be distinguished

The clasufication of Abbott and Dawson ts mamly 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
aoruic stenosis mitral stenosts co. of the aorta hypopl 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
doubtedly pl dh penicard Southworth and
Stevenson (1938) could find but fifty two undoubted cases seven of
these being monsters Since then cases have been reported by Dahl
(1937) Osgood and Spector (1941) Ronka and Tessmer (1944) and
Sunderland and Wright Smuth (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

a4
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developing Iner The two cavities remam tn communicatton 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
penicardtal and peritoneal cavities At this time the ductus Cuvien
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 nidge which reduces its lumen The craneal 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 15 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
smgly or 1n combination have been summarized by them as follows

(1) The normal stretching of the pencardium cotnctdent 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 pers 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 pericardivm 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 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
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PATHOTOGY Abnormahties of the pericardium can be divided tnto
distinct groups

(1) Complete absence of the parietal pericardiem the heart and left

lung occupying a common pleuropericardial cavity 76 per cent of
cases (Southworth and Stevenson)

(

LIGHTLY ATTACHED
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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 pencardium and left pleural
cavity the heart occupying the pericardial sac 24 per cent of cases

(3) Complete absence of the partetal penicardium the heart lying in
1ts normal mediastinal position Probably never occurs (Southworth
and Stevenson Sunderland and Wnight Smith) The reported cases are
st all probability examples of adherent pencordwm It has been
deseribed 1n dogs by Schiotthauer and Stalker (1936)

Pericardral 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

G 12 Deficent pericardmm and plestopericardial cyst
al

Fi
Male aged 49 Cyst successfully removed and patient 10
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 mse 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
strangulation 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 Smith
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
conststs of a protrusion of the panetal per d: so that a gyst ike
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 pred to the di
Some cases arc however developmental but tn older patients
where the possibility of mﬂamm:ﬂo:y qrsc:sc cannot be excluded

the unreserved e of a origtn 15 often

1mpossible
Enemcula may anise from any part of the paretal pericardium but
they afe most common on the night stde The diverticulum may be

aled off or may commumcate with the pericardiaf casity

qurte s
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by means of an orifice of varying size or even by a long tubular neck
There are no symptoms 1n the great majonty of cases butin 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 15
undertaken for pulmonary or cardiac disease It 1s thus of importance
because 1t enters into the differential diagnosis of aneurysm or

medastinal tumour
Radrol 1 discl

2 a rounded tumour intimately
associated with the heart border and pulsatton 1s present This can be
clearly d d with the radioky h and other radiologreal
methods (Ernst 1935 Kembock and Weiss 1934 Arnlaga Donovan
and Taquim 1938) Cushing (1937) injected air 1nto the diverticulum
and this entered the pericardium

Unless there are pressure symptoms there 1s no obvious need for
surgical extirpation

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

Several types of ectopra may be recognized dependent upon the
position of the heart In the cervical type the heart ltes in 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 15 no covening by sk or other tissue In the abdominal
type the heart passes through a defect m the diaphragm to reach the
abdominal cavity It may remain entirely intra abdomnal or it 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
1n 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 s a primary event and the ectopia a secondary
phenomenon or whether the reverse 1s the case and adhestons between
the heart and ammon cause ectopta are matters for speculation The
longitudinal axis of the heart 1s generally abnormal and frequently the
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apex pornts towards the chin and the base towards the abdomen so
that the normal anterior surface of the heart comes 1n contact with the
chest wail The pericardium 15 ly defective and frequently
absent In the cervical heart the pericardium 1s 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 covering Where the heart 1s without
covermg mflammatory changes rapidly set 1n and lead to speedy death
Other cardiac anomalies may be associated as well as bodily deformuty
The tetralogy of Fallot was present in Byron s case The male sex 1s
most frequently affected Death generally occurs early but a case of
Foy (1910) where there was only a small sternal fissure lived to the
age of 37 before dying of cardiac farlure

Attempts at surgical treatment have so far been without success
Cutler (1925) found no room 1 a chest where the tissues had become
accommodated to the abnormal state and could only cover the heart
with skin flaps under too great a tenston Bvron 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
summarized by Labate (1939) The rhabdomyomata are primary
tumours of the heart Superficially therr structure may resemble the
Purkinje tissues but there 1s no connection with them The tumour
tustologreally consists of large embryonic muscle fibres of greater
diameter than wn the normal heart muscle fibre and large vacuoles are
present in the individual hbres Glycogen granules may be demon
strated 1n the vacuoles by appropnate methods Striation may be
vistble at the margin of the fibres The types of rhabdomyomata are
(1) solitary (2) multiple (3) diffuse The multiple type 1s often assoct
ated with tuberose sclerosts and adenoma sebaceum (Yater 1931
O Flynn and Mackay 1937 Labate 1939) The diffuse type where all
of the heart muscle may be replaced by rhabdomyoma fibres 15 dentical
with the glycogen disease of von Grerke which furnishes many examples
of the so called 1diopathic hyperirophy of the heart

Although rhabd occur most 1y 1n young peop'e
thetr occurrence 1n the seventh decade has been observed by Bradley
and Maxwell (1928) The naked eye appearance ss of single or multiple
rounded masses Iying 1 the ventricular wall and projecting exther from
the external surface of the heart or mto one of 1ts cavittes A heart
cauty may be almost completely filled Reeves and Michael (19363
deseribe rupture of the heart at the site of the tumour In peneral the
climteal effects of a rhabdomyoma depend upon its posttion and af it
obstructs a valvular onfice death may be carly
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Congenital Idiopathic Hypertrophy of the Heart

The first case was reported by Simmonds 1n 1899 and since then
about eighty similar cases have been described mainly on the basts of
an enlarged heart occurning 1n 1nfancy The work of Stoloff (1928) and
Kugel and Stoloff (1933) and later Kugel (1939) has led to the ehmy
nation of more than two thirds of the cases ongnally descnibed 1n
this group

The term 1diopatiuc hypertrophy of the heart was at first apphed 1o
a massnve enlargement of the heart occurring 1n nfants and young
children Such a definition 1mphes that there should be no recogmizable
etiology 1f the term 1diopathic 1s to be retained The work of kKugel
and Stoloff by analysis of fifty two cases revealed that there were only
fifteen cases to which the term 1diopathic might be applied The
remaining cases all presented gross anatom:cal m:ﬂformfmon capable
of producing hypertrophy or mucr
and degeneration and thus are pmperly excluded from tHis group It
15 not 1mprobable that these numbers will be further reduced when
cases presenting a large heart are subject to detaled and ertical
examtnation

kugel s (1939) classification of the causes of enlargement of the
heart n nfants and young children 1s of nterest and value He hists
the following conditions

(1) Congenital defects
{(a) Heart
'(b) Coronary arteries
¢} Aorta and pulmonary artes
(2) Infections @ P & v
(4) Rheumatic fever
(b) Fiedler s myocarditis
(¢) Penartertis nodosa
(a) Diphtheria
(b) Scarlet fever
Known etiology () Subacute bactenial endocarditis with

Unknown etiology

valve defect
l(d) Syphilts
(3) Anaemuas
(4) Syndrome of non dial d with
dilatation and hypenmphy

(5) Metabolic
[(a) Avitaminosts
(b) Thyroid defictency
1(0) Glycogen disease
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(6) Hypertension

In greater
crculation

{(a) Essential

(b} Adrenal tumours
{{¢c) Secondary to renal lestons
!{a) Pulmonary lesions

In lesser circulation 1(b) hyphoscoliosis

(7} Twmours of heart
(8) Unclassified

To this formudable list might be added the cardiac hypertrophy of
the infants of prediabetic mothers described by Muller (1945) Certam
of the above mentioned causes of hypertrophy of the heart in nfancy
are congemtal 1 that they exist from birth Pompe (1933) reported a
case of masstve enlargement of the heart mn a female child of seven
months Microscopical examunation of the heart showed fibres which
were enlarged and vacuolated and appropriate staintng showed these
vacuoles to be filled with glycogen Sections of other organs revealed
the same condiion A similar case was described by von Gierke (1929)
and he named the cond h b gl more
frequently known as von Gierke s disease Schminke {1922) described
the heart of an nfant 1n which were present hypertrophy of its walls
and mucroscopical changes simular to those observed by Pompe He
noted the vacuoles but did not stamn for glycogen He assumed that the
fibres were embryomic and as they were Increased 1n numbers he
thought the condtron to be a neoplastic one and a type of rhabdo
myoma The cases of Stemer and Bogin (1930) and Sprague Bland
and White (1931) are also stmilar to that of Pompe although staming
for glycogen was not undertaken Confirmed cases of glycogen disease
are those of Deelman {1931) Putscher (1932) Antopol (1933) and
Ellts (1935) A personal case presented ttself as a farlure to gain werght
with feeding dufficultres at the age of six months The child developed
preumonta of the night upper lobe at the age of seven months and
X ray examunation revealed a hitherto unsuspected enlarged heart
Autopsy and micr: ! revealed glycogen disease
with involvement of the heart and Inver (fig 13)

Other condittons which may give rise to hypertrophy of the heart
are those dependent upon anatommcal abnormahity The most important
type 15 an anomalous origin of the left coronary from the pulmonary
artery Bland White and Garland (1933) and others have shown that
1nadequate nounishment of the heart muscle as a result of thts anomaly
feads to myocardial degeneration replacement fibrosts and later even

anenrysmal dilatation of the heart wall In addion to the Tocal changes
1n the ternitory of the abnormal coronary artery therctsa well marked
hypertrophy of the heart as a whole which i all probabltty represents
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a compensatory mechamism This type may give the T wave changes
m the diog that are d with coronary disease An
unusual type of hypertrophy 1s furmshed 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
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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 serological tests in these tndwviduals for treatment mght 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
cardiac hypertrophy are potnters to diagnosis Cyanotic attacks

and yp are suggest p The heart returns
to a normal size wathin the first or second month and cardiac and
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respiratory symptoms do not persist beyond the first few days in
contrast with hypertrophy due to other causes

Despite the rapidly narrowing field of idtopathic hypertrophy there
still rematns a certam number of cases where microscopical examination
has shown no abnormality other than an increase i the number of
fibres Examples are those of Moncrteff (1929) and Debré and Busson
(1931) A fanulial tendency or congenital weakness of the germ plasm
has been discussed by Sprague Bland and White (1931)

FiG 14 Radwograph of chest of scven months female
infant showing enlargement of the heart Autopsy
showed glycogen discase

CLINICAL PICTURE The ¢linieal picture will to some extent depend
upon the underlying pathology The usual history 1s that of a child
born at term and 1s apparently normat for some weeks or months
before symptoms appear Occasionally symptoms may be apparent
from the first day of hfe The p are d and
cyanosts although an abnormal 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 Stndor
may be present and the lower ntercostal spaces may be sucked i with
msprratory efforts Cough 1s often present and may resemble whooping
cough (Stoloff 1928) Examination of the chest shows mmpatrment of
resonance on the left side with a dimmshed atr entry into the left base
due to p on of the left hus In Steph s case reported
by Abbott there was hoarseness from pressure on the left recurrent
laryngeal nerve atelectasis and also dysphagia and obstruction to the
passage of a feeding tube

A rapid heart rate 1s generally present with sounds of poor quality
Murmurs are often absent although a soft blowing systolic murmuf
kas been described A gallop rhythm may be present

Sometimes clinical examination of the chest 1s negative and a soutine
% ray examination may 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 chimcally

d ab i} A lous ongn of a coronary artery 1s

more fully discussed on a later page

RADIOLOGY The heart 1s massively enlarged to the left and nght and
vertically On the left side the heart may appear almost to fill the left
chest The discovery of enormous hypertrophy 1n an infant showing
symptoms of dyspnoea and cyanosis 1s adequate diagnosts It at once

F1G 1S Electrocardiogram from same case as fig 11
at eleven days and seven months Note the physmo-
logical change 1n axis deviation

suggests that chidren with these symptoms should always be exammed
radilogically for by these means evidence 1s sometimes obtained that
may be chmcally lacking A c¢ase of glycogen disease 1n an infant 1s
shown n fig 14

ELECTROCARDIOGRAM 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 1a the case of Sprague Bland and White
Inversion of the T waves suggests an abnormal ongin of the coronary
artertes (Bland White and Garland) A personal case of glycogen
disease showed ight aus deviation at eleven days and normal axis
deviation just before death at seven months (fig 15)

Course aND PRoGMNOSIS This naturally depeads upon the basic
course of Once hay d 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
may 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
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CHAPTER V

AORTIC AND SUBAORTIC STENOSIS

Aortic Stenosis
Stenosts of the aorta may occur at the valve at a point distal to the
msertion of the ductus arterniosus (coarctation) and rarely near the
bifurcation of the aorta A further type of stenosis occurs proimal to
the valve 1n the aortic conus A generalized narrowing of the aorta
associated with hypoplasia and increased elasticity of its walls 1s
termed aortic hypoplasta While this latter may be a primary anomaly
1t 15 most often associated with other congenital defects
The types of aortic stenosts may be classified as follows
(1) Valvular stenosis
(a) Developmental
(b) Inflammatory
(¢) Pure aortic stenosis {Gallavardin)
(2) Aortic atresia
(a) Inflammatory
(b) Developmental
(3) Subaortic stenosts
{a) Developmental
(b) Due to hypertrophy of the tissues of the aortic conus
(4) Stenosis of the aortic 1sthmus
(5) Stenosss of the aorta distal to the 1sthmus
(6) Hypoplasia of the aorta
Aortic atresta 1sthmus stenosts and stenosts distal to the 1sthmus are
constdered under anomalies of the aortic arches (page 56)

VALVULAR AORTIC STENOSIS

PATHOGENESIS The aortic valves are evolved from the proximal ends
of the distal bulbar swellings This event occurs m the seventh week
at about the time that the septa are closing and 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 aortic valves after the septa have closed this con
dition being the homologue of pulmonary stenosis with a closed septum
Farber and Hubbard (1933) have collected ﬁwe such cases 1 which a
foetal endomy P d to be le for a valvular aortic
stenosis A special type of valvular aortic stenosis described by Galla
vardin {1936) and others as pure aortic stenosts and presumably due

47
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o an infective process of early ongin and unknown etiology 1s
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 size 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 Despue 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 height
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 examination 1s also of use 1n those cases where
aortic stenosis 1s uncomplicated by incompetence and identical tracings
are obtatned This may cast doubt upon the specificity of the carotid
shudder although as a visible phenomenon 1t may occur solely in the
combined lesion Gushman Steinberg and Sussman (1947) find a
characteristic arterial pulse with slow rise anacrotic notch systolic
vibrations and systolic plateau This however occurs m both aortic
and subaortic stenosts and in aortic stenosis with incompetence

RADIOLOGY The general appearance of the cardmac silhouette
corresponds closely with that found 1n other types of aortic disease
There may be slight or moderate hypertrophy of the left ventricle The
ascending aorta 15 often dilated and the aortic knuckle small and
1nconspIcuous

ELECTROC aM The elect shows normal or left
axis deviation Evans (1948) states that a night axis deviation 1s some-
times present

COURSE AND PROGNOSIS Apart from the special nisks of an infective
endocarditis 1nvolving 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 paw of anginal
type provoked by effort There 1s a distinct hability to sedden death
particularly 1n cases with caleified aortic cusps There 1s some tendency
to the devel, of pul y 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 condition appears to be compatible
n many cases with a reasonably normal life 1t 1s wise to restnct
actvities 1n relation to exercise or tasks that tnvolve considerable effort

The average age at death 1n 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 bref account of this lesion 15 given because 1t 15 held by some to
be of congenital etiology

DEFINITION  Stenosis of the aortic valve arising 1n mfancy as the
result of an unknown nfection (Gallavardin)

The greatest number of these cases are tn males while tn the
theumatic infection the chief incidence of aortic valvulitis 1s 1n the
female Although nothing 15 definitely known about the etiology of
these cases 1t 15 tolerably certamn that they bear no relation to erther
syphilis tut 1 or rh The pathol process 1s a
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sclerosing endocarditis of the aortic valve This may arise m foetal life
tn a stmtlar manner to the foetal endocarditis that determines a pul
monary stenosis with a closed septum It may possiblv arise 1 carly
post natal life 1f 1t 15 accepted that the lesion predomnantly arises in
foetal hife 1t must then be clasuified as a congenital abnormality The
designation pure relates to the absence of aortic incompetence
Gallavardin confends that pure aortic stenosis 1s a guarantee of its
non rheumatic etiology as rheumatic aortie stenoss 1s mvarably
d by aortic The post mortem features are

thase of sclerosts and scarring of the aortic cusps

CLiNicaL PICTURE Symptoms are shight or entirely absent the dis
covery of a heart lesion bemng often purely fortuttous The sympto
matology depends upon the degree of stenoss present In severe cases
there may be infantilism 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 i the second nght space with
conduction of the murmur 1mto the vessels of the neck 1s charactenistic
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 incompetence

RapioLoGYy The X ray shows lowerng of the apex and rounding
ot the leit ventricle proportional to the degree of stenosis present The
ascending aorta 1s dilated

ELECTROCARDIOGRAM The electrocardiogram shows normal or left
axis deviation

COURSE aND ProGNosIs The leston is well tolerated 1n young subjects
and may not give rise to any symptoms The lesion 1s compatible with
long life (Gallavardin)

To the British observer 1t would appear to be academic to segregate
this group of cases from what are generally accepted as cases of true
congenital gortic stenosis

Subaortic Stenosis (Syn Infundibular subvalvular stenosis)

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

ETIOLOCY AND PATHOGENEs's This abnormality 15 admirably
explained on embryalogical grounds as sts site 15 1n that part of the
Teft ventricle which 1s dernved from the bulbus cordis the rest of the
ventricle being derived from the primitnve ventricle Normally the
mayor portion of the bulbus cordis 1s incorporated 1n the nght ventricle
to form the conus of the pulmonary antery It largely disappeats ot
atrophies 1n the left ventricle but a small portton contribules 1o thcr
formation of the upper part of the terventricular septum leurc:
this process of atrophy leads to subaortic stenosis 1ts homologue 11 the
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right ventricle 1s conus stenoss of the
contributes o the formation of the upe
that other abnormahties may be ass
These are aortic valvular stenosts { di
aortic valves defects of the mten entr
the aorta Coarciatian was present i |
{1926) and Stewart and Bellet (1933
$O severe as 1o amount to atrests T
occurs a defect of the interventricular
veptncle and a patent ductus asteno
hypertrophy of the upper part of the s
described as a congenitat conditron

In addition to subzortic stenosss «
there are some acquired types which
may be attnbuted to foetal endocard
reported by French authors of subaos
Two ongans of these cases are posst
matie mitral valvalitis to the subaor
aottie shelf is formed (Vulptan 1868
aortic cusp of the mitral valve may e
below the aortic valve a3 sn the case
In etther case calafication may occu
upper part of the septum sufficient so
1 advanced hypertension and 10 lesion
of the ventricle

ANatoMy The site of the feston 15
aotuc cusps Usually 1t takes the fo
encucing the aortic conus and conts
the mutral valve (fig 16) The case of
branous structure with a small open
formed or else the lesion may be sir
tissue of of endocardsal thicherueg
fesion has shown that st largely consist
the suberdacardial elastic tissue of
This constitutes very strong evidence ¢
doubtful any possitble mflammatory
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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 in the severest deformities the peripheral signs of
aortic stenosis may be lacking Cases do not show the same tendency to
dwarfism or under development that 1s presented by valvular stenosts

The lesion may be entirely latent and only discovered at a routine
schoof medical examination or when life assurance 15 contemplated
In later years the significance of the finding may be overlooked and the

FiG 16 Subaortic stenosis in a young female who died

suddenly whilst cycling A shelf of fibrous tissue

stretches across the aortic conus M_severed cusp of
mitral valve A aorta ta lefi aurcle

signs interpreted as those of acquired disease In the severe degrees of
subaortic stenosis there may bhe shortness of breath on exertion and
children with the leston may not be as energetic as their 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
attnibuted to transitory cerebral anaemia Such symptoms would
appear to be far more likely m the valvular type of aortic stenosts
The heart may be normal 1n size or slightly enlarged enlargement
being dependent upon the sevenity of the leston and upon the presence
or absence of other defects A systolic thrll may be felt diffusely over
the praecordium but 1s usually localized to the base of the heart It
may be felt over the supraclavicular fossae and 1n the episternal notch
The thrill 15 of maximum 1ntensity 1n the first and second night spaces
Muller (1924) suggested that the position of the thrll varsed with lf}c
position of the patient and that when recumbent the thrill was de 1“
nitely most perceptible at the base In the upnght position the tlhnd
was more often apparent at the apex The apex beat 1s forcible A gu]
harsh systolic murmur occupying the whole of the systole and widely
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heard over the heart 1s maxtmum ta the second right space The bruit
1s charactenstically transmitted along the great vessels Such conduction
of a murmur comparable to that obsersed n valvular stenosis 15 very
suggestive of a leston of the aottic tract The aortic sccond sound 1s
normal and unaltered

An expenence of forty three cases for the most part 1n children and
young adults suegests that in about a third of the cases despite the
obvious physteal signs of aartic stenosts the pulse appears to be normal

Fta 17 Mal. aged 14 presenting typical signs of sub-
aortic stenosis The aorta ts further (o the right than
normal and the aoriic knuckle 1s small

and the blood pressure not necessanly low This view 15 shared by
Young {1944) who recogmzed twelve such cases m soldiers between
the ages of 19 and 30 who were accustomed to severe exerfion and
symptomless

More often the pulse rate 1s smafl and the blood pressure low The
polygraphic examination reveals a pulse of simtlar characters to that
of aortic valvular stenosts mawaly a slow tise anacrotie notch systolic
vibrations and a platean

RaDIOLOGY The radiological picture may be typical of that of aortic
stenosis from any cause The general picture 15 of increased convexty
of the left ventricle a smail aortic knob and a dulated ascending aorta
{fig 17 There 1s no change m the pulmonary arc n uncomplicated
cases

ELECTROCARDIOGRAM The electrocardiogram shows pormal or left

axs deviaton A normal axis 1n no way excludes subaortic or indeed
aornc stenosis (fig 18)
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Daanosts Diagnoss from other forms of aortic obstructive lestons
may be a matter of considerable difficulty It may be said that there 1s
no single pathognomuc sign of subaortic stenosts Which serves to
differentiate st from stenoss of the valvular type

Grisham  Stewnberg and Sussman reviewiag twenty three of thew
cases could find no distingmshing sign between the two condttions A
diastolic murmur 1s perhaps more suggestive of aortic valvular stenosis
but Walsh Connerty and Whte (1943) have found a diastolic murmur

Fio 18 The electrocardiogram 1a five children with signs of
subaortic stenosis

1n a case of subaortic stenosis with a bieuspid aortic valve Poiats In
favour of a subaortic stenoss are knowledge of a heart Jeston smce
nfancy an absence of any considerable enfargement of the heand
marked contrast between the physical signs of aortic obstruction an[
the normal well being and development of the subject and & normal
unaltered aortic second sound Absence of a rheumatic hlstor}; m' ::
subject below the age of 20 together with the absence of other valvula
Jesions or gross enlargement of the heart should also fayour ; cm-;I
genital cticlogy Perhaps the newer method of angiocardiography Wi



AORTIC AND SUDAORTIC STENOSIS 55
ultimately furnish the most reltable information and permit 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) ltved to the age of 77 Grishman et a! (1947) and Young
(1944) consider the prognosts to be rather poor The chief danger 1s
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

CONGENITAL  AORTIC INCOMPETENCE The e‘(lstcnce of aortic
1ncompetence as a congenital abnormality 1s extremely rare and White
(1944) 15 of the optnton that no such case has so far been reported
There are however certain congemtal conditions in which aortic
incompetence may occur Complete absence of the aortic valve 1s
mentioned by Abbott (1927) Aortic incompetence has been found with
bicuspid 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 wcompetent quadricuspd
aortic valve 1n a man of 65 Incompetence may coexist with conpemtal
aortic stenosis and occasionally 1n subaortic stenosts An solated
interventricular septal defect may occasionally develop deformity 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
aortic incompetence 1s probably exceedingly 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 stran 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 aorttc arct
(fig 19) have been classified by Evans (1933) as follows

(1) Stenosis of the arch with hy poplasia of the proximal aorta Patent
ductus artersosus

(2) Stenosts of the arch with hypertrophy of the prouimal aorta
Ductus artertosus closed

(3) Congenital atresta of the distal part of the arch Hypertrophy of
the proxmmal aorta Ductus arteriosus closed

(4) Interruption of the aortic arch 1 its distal portion Hypoplasia
of the proximal aorta Ductus artertosus widely patent and
continuous with the descending aorta

(5) Congenztal atresia of the proximal 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 tsthmus

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 nto 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 mn 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 1n group 1 which comprises the
adult type of grave develop I cardiac lies are
uncommon From the embryologtcal point of view group 1 15 con
cerned with abnormality or arrest of developrent 1n the region of the

e fourth and sixth pnmutive arches The remaintng types
teriosus and con

junction of th
result from abnormal development of the truncus arf
56
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scquenﬂy other nbnormnimcs such as transpostian of the ‘essels
‘ Ty atresia of bt [ far heart may be present
" On chotcal grounds only the adult type of coarctation 1s important

and capable of positise recogmtion dunng bfe

STENGSIS OF THE AORTIC IsTHMUS COARCTATION OF THE ADRTA

Derinmion Stenosis or obliteration of the arch of the aorta at a
pot distal to the ongmn of the left subclavian artery and at or
adjacent to the site of msertion of the ductus arterosus

¥ 2 3

Fia 19 Types of coarctation of the aorta (After Evans ) | Narrowing
of the ssthmus and ductys arterrosus patent 2 Narrowsng of the isthmus
ductos closed 3 Obliteration of the ssthmus dactus close

Historicat Nove The first hint of a case of coarctatton comes from
Morgagm {1760} who discosying a post morten observation stated
that the sorta was comract:d to an amazmg narfowness near the
hcan Pans {1791) d the coll \! 10 the first reatly

case of Meckel (1827} furmshed his weil
known plate of the collaterat crrcutation in the thorax This was the
first plate to depict notching of the under surfaces of the nbs and it
also shows notching of the upper surfaces of the trrd and fourth rght
nibs Jordan (1830) 1 hus description of a case a body that had been
raised for the purposes of dissection states that the 11bs had become
deeply absorbed and sulcated 1n some parts by the pressure of the
branches of thus artery  Legrand (1835) appears to have made the first
clinical diagnosts of aortic obstruction duning hie on the basis of a
collateral crreulatian and reduced femoral pulsattan Mareier (1838)
first employed the term coarctation Craigie was able to collect mne
cases tn 1841 and added one of his own Oppolzer (1848) 15 considered
by some to have made the first chtmical diagnosis of coartation at s
usual site Scheele {1870) effected mmultaneous fracangs of the radiat
and femoral pulses Potaw (1892) 15 stated by Flexner (1936) to have
noted hypertension m the upper extremibies Abbctt { 1923) analysed
200 cases from the The d 1 sign of nb

notching was first noted and emphasized by Radsbach and Dock (1929)
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The first account of the surgery of coarctation 1s
th

Nyhn (1945 at of Crafoord and

ANATOMY The classification of Bonnet (1903) 15 often adhered to
and 1s generally accepted Bonnet divided coarctation into two tvpes
the infantile and the adult The infantile consists of 2 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 mfants dunng the first three months

¢ carorio

INNOMINATE

< suscta Ax

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 1 the clinical picture
and will be discussed below In the adult type of coarctation the ductus
15 most often closed If 1t remams 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)
seres 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 as 1f a Iigature had been applied (fig 20) In
other cases the aorta gradually tapers from the onigin of the left sub
clavian to the pont of constriction and then 1t rather abruptly expands
agan the distal expansion being occasionally bulbous owing to the
needs of the collateral arculation The intertor 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 normal A diminution of clastic tissue with connective tissue
replacement has been described at the site of stricture by Ascenzi (1947)
The aorta prouimal to the obstruction may be thin walled and hypo-
plasic and tn a small percentage of cases there may be a true develop-
mental hypoplasta of the aorta which 1s narrower than normal The
aorta 15 more commonly dilated and projects to the right The vessels
of the arch are dilated and may have tous origins Ath
and degencratnve changes in 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 ntercostals are enlarged and dilated as also the supenor
epigastuc artery It 1s upon these vessels that there falls a major sharein
the maintenance of a collateral circulation to the lower parts of the body
Not frequently there are d cardiac il Abbott
(1928) has pointed out that grave cardiac defects may be found with
coarctation of the infantile type whtlst their association with the adult
type 1s rare The commonest complicating anomaly ts the bicuspid
aortic valve present1n 22 per cent of Abbott s 200 analysed cases and
1n over 50 per cent of the cases where rupture of the ascending aorta
led to death Subaortic stenosis aorttc stenosts of the valvular type and
congenital aneurysms of the sinus of Valsalva have been noted
Anomalies of the arteries of the aortic arch are frequently found and
these are of interest as they perhaps throw some light on the genesis
of the abnormahty which 1n coarctation appears to arise at the point
of junction of the fourth and sixth left arches It 1s reasonable to suppose
that from the same cause wregulanties may occur cotncidently 1n the
remainmg vascular arches Thus amongst the vascular anomalies that
have been described in coarctation are the origin of both carotids from
a common trunk mnomnate and left carotrd forming a common
trunk abnormal ongin of the right subclavian below the left and
Tunning behind the trachea and oesophagus sppgesting a persistent
fifth left arch New vessels may be developed from the aorta to assist
1 the formation of a collateral circulation
CoLLATERAL CIRCULATION This 1s gradually developed im those cases
where the obstructton ts severe It 1s necessary in order that a circulation
can be maintained below the level of the lesion With the development
of such collateral channels the subject can often hive comfortably
provided there are no T or other nf and
that the heart muscle 1s capable of supporting the stran that 1s placed
upon 1t The accurrence of a collateral circulation was early recognised

and was well figured by such early workers as Meckel (1827) and
Jordan (1830)

The marn paths of the collateral circulation are as follows

(1) Between the supertor intercostal branches of the subclavians and
the first intercostal within the chest




CONGENITAL HEART DISEASE

60

(ased 5 ueuLIsY
ue) € o o

AN}

S[RWY TR BY) Jo uohedIRoS jo ey v
314 anbIGQ (g)

4 pado
w ssuse

P OYn 95 Page
PN 1T org
A1 souasodossiuy ()




CONGENITAL STENOSIS AND ATRESIA OF THE AORTIC ARCH 61
(2) Between the scapular branches of the subclavians and the upper
aortic intercostals on the thoracic wall
(3) Between the tnternal mammary arteries and the epigastne
branches of the external thacs in the abdommnal wall
These collateral pathways form tortuous and dilated arteries which
may be visible and palpable on the back and abdomunal wall (fig 21)
They also erode the ribs a feature which was early recogmzed and an
anatomical fact of supreme importance 11 radiological diagnosts

Rudmentary dvision
+ between “twa
tompartments

Fig 22 Coarctation of the aorta in female aged 30 who died of
mvolving th A mycotr aneurysm
Projects into the night aurkle

Hypertrophy and dilatation of the heart especially of the left
ventricle 1s often present and 1s the result of hypertension but 1s by no
means invartable Unless there has been mtercurrent snfection such as
rheumatism the valves are usually healthy and competent Even a
bicuspid aortic valve may be perfectly competent Once however the
factor of nfection or d: 15 duced and valvular defe
established a large heart 1s the rule There 1s a tendency for sclerotic
changes to oceur in the cusps which leads to deformity and results 1n

p Infective end oucurs at the site of coarctation
distal to the stricture or at the bicuspid valve It may also resutt in an
arteritis of the ascending aorta In either case mycotic aneurysms or
septic embolt may result (fig 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 tmportance 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 tncidence of bacterral endocarditis where a
bicuspid aortic valve exists as a sole anomaly 1s about 40 per cent

The d between a 1 and an acquired bicusptd valve
may present great difficul and require 1 1on
There 18 some evidence to show that the bicuspid valve ts prone to

h nvol t 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 15 congenitally bicuspid

CONGENITAL ANEURYSMS The occurrence of congenttal aneurysms of
the cerebral vessels mn 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 mav influence aneurysm formation in the
defective areas Bleedng, at first may be only slight 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
trattons of these coewsting 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 Infectton 1s due to rupture of a cerebral
aneurysm

PATHOGENESIS It 15 an observation of fundamental importance that
whilst the mfantle type of coarctation 1s frequently observed before
birth the adult tvpe with severe constriction or complete obliteration
of the aorta has never been found before or at burth 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
taking place 1n the ductus arteriosus extended to and nvolved the
aorta caustng 1ts 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 anatomical 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 1t 1s also
10 be ohserved that the site of constriction may be at some distance
from the insestion of the ductus and 1 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 involution of the ductus
Such considerations as these latter do not entirely reconcile with a
theory that must ly postulate the mcl of ductus tissue in
the wall of the aorta So also on the grounds of pure physiology the
theory mught be refuted for with the transition from the foetal to the
post natal circulaton the pressure n the aotta exceeds that 1 the
ductus a circumstance unfavourable for a narrowing of the aorta

Previously to Crasgre Reynaud (1828) has suggested that the abpor
mality was a congenual one The wtheaus 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 microscopic examsnation of the site of coarctation that the mddle
elastic coat of the aorta was largely replaced by muscular tissue derived
from the ductus arteriosus thys fibro muscular tissue betng most marhed
Tnear the entrance of the ductus An of thist 1
to strangle the aotta at this site and prevent 1ts development A deter
munwg factor was the traction exerted by the tnvoluting ductus in the
carlsest days of hfe In further proof he cites the common presence of
traction or tofsion areas on the left posterior border of the aortic arch
innfants and also mentions the rare cases of coaretation with traction
aneurysms at the level of insertion of the ductus for example those of
Laennec and Willigk (1853)

CunicaL Pieture Coarctation may be entirely lafent and unsus
p cted during Ife 1t ocours most frequently 1n males and 1n Abbot s
(1928) 200 collected cases only a quartet were females There 1s no
factle of the d fi

1n the male but it has
been advanced that the more sheltered existence of women exposes

then 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 congemtal 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 especally 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 2 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 fower extremtties and intermuttent claudication are a reflection of
the diminished vascular supply to the legs There 13 some considerable
liabity to subarachnoid haemorrhage Pain may be an mmportant
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
ure at the tervertebral

the ongin of the pain may be due to press i
foramen Similarly other rare symptoms may be annbutable to a wel

deseloped 1 F hism has been attributed to
enlargement of the dibular vessels { 1947) At 'b e
myelitts at the level of the second dorsal vertebra was shown by
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Haberer (1903} to be caused by a dilated antertor spinal artery Mental
aberrations and transient patsics have been desenibed There may be
some refaine over development of the tissues 1t the more vascular
areas Intermuttent claudication 15 not as frequent a symptom as rmpht
be thought In 2 personal case a woman of 45 complamed of pam
her logs when she walked Thas pun had been present since chtidhood
and was remarked upon at school Other examples are those of Parsons
Smith {1921) and Woltman and Sheldon (1927) Enlasgement of the
thyrod with hyperthyroidtsm ot wathout evidence of wmereased thyrosd
actmty has been reported and some cases have been subjected to
operatton  or other forms of treatment — Blackfosd (1928 Ulnich
{1931) Amberg (1932) Brown (1934) Cookson (1936) Bramwelis
case s particularly interesting because she presented nib notching with
a constamly normal blood pressure fncreased vasculanty of the gland
owng to the collateral airculation tn which its artenes take patt has
been suggested as the cause of this increased thyrod activity It s not
et clear as to whether hyperthyroidism 18 3 matter of chance or of
mereased vascularity and the expertence of thyrowd surgeons suggests
thatstisa very rare happening
f

e ¢ of d case 1s most and sespicton
should be asoused 1n every case of hypertension i1 @ young subject and
m alf cases of acyanotic congential heast disease The most tmporiant
chinical examunations are of the famora! puise and a companson of the
Hood pressure in the arms and fegs in those cases where femoral
pulsation 15 reduced or absent

The apparent absence of a femoral pulse even though there 18 2
blood flow i the femoral artenies calis for comment Bonnet (1903)
states that tactile appreciatron of the pulse daes not depend upon blood
volume but on the sharp repercussions of the Wave passing along the
aorta Normally thes 1s sudden and abrupt and 1s felt as a forcble
Pulsatian When the blood reaches the aorta through numerous col
faterat channels this wave 1s damped the ascent of the wave becomes
mose gradoal and the pulse chingly weaker dbury
Murphy and Hamlton {1940} recorded pulse contours by a direct
optical method from arteries above and belaw the coarctation Pulse
contours above the constriction were narmal m appearance below the
ranstriciion they were somewhat delayed flat and smooth This s 1
ontrast to the pormal state where as the pulse wave passes £o the
Pettphery the systolic pressure nises and the wave increases

Inspection reveals marked pulsasion 1n the neck and perhaps head
nodding with systole the fatter particularly 1o the case comphicated by
dortic incompetence Enlarp~d tortuons pulsating vessels may be seen
or felt 1n the scaputar region and over the upper part of the body
Pulsation may also be wistblc sn the ntescostal spaces ard there may
be visible pulsation of the snternal mammary aftenes Suzman £19847)
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(fig 23) has shown that 1f the patient bends forward with his arms hang
ing down the posterior intercostal spaces are opened up and ddated
Intercostal vessels are rendered visible or more visible Further most
of the phenomena of the collateral circulation 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 over the base of the
heart and root of the neck Femoral pulsation 1s reduced or more often

Fig 23 Suzman s s:ign 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 extremuties feel warmer than the lower and often
look redder than the rather pale legs The heart may be normal n size
or shightly hypertrophied Gross enlargement 15 present if there is
aortic incompetence A systolic murmur may be heard over the heart
loudest at the basc It 1s heard over the back particularly well over the
scapular vessels and characteristically along both sides of the vertebral
column Not infrequently the murmur 15 inconspicuous over the heart
but loud over the back and over the vessels of the collateral circulation
A systolic murmur well to the night of the sternum over an 1ntercostal
space should evoke suspicion of coarctation Pulsation to the nght of
the sternum suggests a dilated aorta especually 1f accompanied by 4
ringing second sound There may be a diastolic murmur of aortc
mcompetence or the murmur of a patent ductus arteriosus Infectine
jocarditis may be d by a diastolic murmur




CONGENITAL STENOSIS AND ATRESIA OF THL AORTIC ARCH 67

‘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 difficult technical 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 occastonally 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 1n early childhood but a personal case had a systolic blood
pressure 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
sorme hold that 1t 1s mainly mechameal 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 coarctauon to be of renal
ongin In fact the effects of aortic constriction are simular to the
Goldblatt clamp Rytland (1938) held a stmilar view Steele (1941) who
Measured 1ntra arterial pressure found the dastolic pressure to be
raised 1n the legs 1n cases of coarctation 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 1ts mechanism In the light 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 congenutally narrowed at its onifice or in its
length as part of a general abnormality of the aortic arch In rare cases
East (1932} and Love and Holmes (1939) there may be an aberrant
origin or an assoctated stenosts of the right subclavian artery When
there 15 a constriction proximal to the origin of the left subclavian
artery the eft arm 15 excluded from the high pressure blood flow This
has important clinical effects which may be recognized by asymmetrical
development with overgrowth of bone and muscle of the night arm and
right upper chest There 1s also dispanty 1n the blood pressures of the
two arms Thus in the case of Bayley and Holoubek (1940) the blood
pressure 1n the right arm was 154/78 in the left arm 98/78 and in the
left ez 90/80 The radtal pulses were unequal in volume The collateral
airculation may not be obvious but X ray examination may show nb
notching which 1s confined to the right hemithorax If there 1s 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 right arm
Autopsy showed that the left common carotid and mnomnate artertes
arose from a common trunk The night subclavian a very narrow artery
arose from the mnomnate Coarctation was present distal to the
ongtn of the left subclavian artery

RapioLoGgy The most tmportant radiological sign 1s erosion of the
under surfaces of the ribs first observed radiologically and correlated
with anatomrcal obsenvation by Railsback and Dock (1929) Meckel
(1827) figured eroston on the ribs 1n a plate of his case of coarctation
Jordan (1830) mentioned that 1n his case the ribs had become deeply
absorbed and sulcated 1n some parts by the pressure of the branches
of the (intercostal) arteries It seems strange that the best part of a
century should elapse before there was radiological recognition of
these anatomical changes When present the erosions are usually
muluple and are found most often on the mfertor surfaces of the
posterior portions of the third to the mmth ribs (figs 21 and 24) Two
types of notching are discerntble either shallow or deep Both types
are due to pressure atrophy ot the rib where it comes 1n contact with
the dilated tortuous ntercostal vessel A loop of the vessel will cause
a deep notch while a straighter vessel will cause a shallow depresston
(Wolke 1937) Although there may be marked tortuosity near the neck
of the b the vessel 1s here distant from the rib and notches do not
oceur at ths site The process of pressure atrophy and eroston of bore
15 wholly comparable to that observed 1n pressure of an aneurysm upon
bone elsewhere Mast observers have considered nib notching to be
pathognomonic of coarctation Laubry 2nd Balsac (1937) have observed
sumilar but Jess marked changes in hypertenston and aortic incom
petence Such notching does occur but it 1s trvial 1n degree Notching
confined to the mght ribs suggests an abnormal site of coarctation
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Notehing of the trbs 15 not nvanably present in all cases of coarctatson
and 1t may not be pronounced 1t 15 absent sn those cases where thete
15 a widely patent ductus attenosus (Evans 1933) In Bramuel » series
1t was presept In seventeen ¢ases bul in mae it was so fittle marked as
10 be of no dagnostic value or completely absent OF these nire cases
1wo Were children and three cases had a patent ductus arteriosus In
young subjests crosion of the nbs 15 comparatively tate the eathiest
recorded case being at the age of six

Fia 24 Coarctatan of the acsta 1u female aged 10
Note the smail aortic ¥nuckle and the well marked
natching of the infenor surfaces of the s

The heart may show shght enfargement «ith emphasis of the arc of
the left ventricle Gross entargement 15 observed when aottic meom
petence or infection are complications The ascending aorta usually
buiges to the nght owing to pre stenotic hypertension although cases
are descnibed where 1t 15 small on account of hypoplasa These latter
arerare andas ly pul g diated ding aorta 1s generaily
observed In some cases diltatign of the zorta may be of aneurysmal
propottion The aortie knuckle 16 small inconspicuous oOr absent but
1n some cases 1t has been large and prominent Often the shadow of the
enlarged left subclavian artery 1s mistaken for an aortic knuckle The
superior mediastinum 15 widened with vigorous puisation on s left
border which usually presents a convex appearance It mav be difficult
of impossible to visvahize the aorhie arch and the adjacent part of the
descending, gorta even i the oblique view This circymstance 15 a verv
suggestve finding (Frav 1930) The surgical expenence of Crafoord
explasns the invisbility of these parts of the aorta as being due to the
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ligamentum arter1osum retracting the aorta towards the mediastinum
with the result that the aorta 1s surrounded by a less amount of air
carrymng tssues with corresponding dimunution 1 1ts visibility with the
barium filled oesophagus Wolke (1937) has shown that in the antero
postenior position there 5s an indentation of the oesophagus orre
sponding to the portions of the aorta above and below the constriction
Rotatron of the subject 25 or 30 to the night may render this more
clearly vistble

Visualization of the descending aorta in the oblique position may be
extremely difficult if not impossible It may be posstble to demon
strate a gap or narrowing of the arch This 1s an unreltable sign for
a number of cases fail to show any marked external constriction of the
aorta despite the presence of a draphragm withm its lumen If however
a gap 1s obsenved 1t will be seen that pulsation below the gap 15
dtminished or absent and 1n marked contrast to that above the con
striction Laubry and Balsac (1937) and others using radiokymo
graphic methods have been able to show the site of constriction of the
aorta Tiis method if successful graphically illustrates the & hed
pulsation of the aorta distal to the constnction Tomography suggests
atsell as a hkely method to employ but 1t has rarely been successful
(Bramwell) Bramwell has noted 1n cases where nb notching is absent
as in those where the ductus remains patent a double zortic knuckle
the upper arc bewng, formed by the lett subclavian artery and the lower
by the blind end of the descending aorta

Angtocardiographt. examination has been successfully employed by
Grishman Steinberg and Sussman {1941) and Chavez et ai (1947) to
demonstrate the site of coarctation

ELECTROCARDIOGRAM There are no charactenistic changes n the
electrocardiogram (fig 25) which 1s often physiological Ultimately as
mught be expected there 1s the prcture of left ventricular hypertrophy
A normal axis devation does ot preclude a dragnosts of coarctation
Auricylar fibrillation 15 sometimes present

COURSE AND PROGNOSIS Many patients are robust and acine unhit
middle hfe 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 if
the stenosis 1s severe and symptoms appear early or if they date from
childhood the prognosts 1s poor Patients who are symptom free 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 anomalies of the heart

1t 15 very difficult to assess the prospects of the sndnidual case Some
have held that coarctation with a fully developed collateral circutation
s 1o demands upon the cardiac reserve and that cardiac hyper
y was absent 1 the uncomplicated case This may be true of some

place
troph
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cases but the post mortem experience of Abbott (1928) who found
cardiac hypertraphy 1n three quarters of ber cases suggests that there
15 a defimte strain 1mposed by the lesion This stran although con
stantly present may not be sufficient to cause trouble in the first hatf
of Ife as long as the coarctation 15 uncomplicated Severe physical
stram or ntercurrent infection may howeser precipttate falure
Blackford (1928} mentons sudden death from rupture of the aorta
during strenuous exertion The 1erage age at death 1 Abbott s series

Fi6 25 The electrocardiogram 1 coarctation of the aorta The
four cases Nustrated are befow the age of 16

was 32 with extremes of 3 and 92 To judge from reported cases about
25 per cent of all cases die before the age of 20 half of the cases do
not live longer than 40 years and nine temuhs of the cases die before
the age of 50 Thus only a tenth of the cases pass the age of 50 The
cavses of death i order of frequency as given by Maud Abbott are
congestive heart falure rupture of the aorta or heart cerebral haemar

rhage and bacterial endocarditis Resfenstein Levine and Gross (1947)
have analysed 104 cases collected since Abbott s (1928) review and
found the average age at death to be 30 § years Sixty one per cent of
these cases died dunng or before their fortieth year The majonty of
deaths from rupture of the aorta or from cerebral haemorrhage
oceurred 1n the second and third decades from bacterial endocardtts
or aorhitis 1n the first five decades and from congestive fajlure 1n 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 bacterial 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 avordance of strain and protectton from infectton
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 before
and afler any operation to the tecth or tonsils

Surgical treatment of coarctatton was first considered by Blalock
(1944) There are two possible surgical procedures Firstly the left
subclavian artery can be used to by pass the stricture 1its divided end
being anastomosed to the aorta distal to the stricture Such an operation
rmight have a possible application 1n some cases of the fantile type of
coarctation It mght well be the operation of choice where the aorta
1s diseased or where there 15 difficulty 1n freung the aorta sufficiently
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 m 1944 by Crafoord and Nylin and by Gross

1945)

¢ “The avowed reason for operation 1s the poor ndividual prognosis of
coarctation with 1ts rather high death rate up to the age ot 40 If the
operation 15 to be performed for the refief of hypertension and its

attendant dangers 1t would seem desirable 1o perform 1t as early as



CONGENITAL STENOSIS AND ATRESIA OF THE AORTIC ARCH 73
possible 1deally before the age of 20 This mimimizes the possibihity of
the permanent effects of renal ischaemma having set m Apart from this
degenerative changes are common 1n the aorta and these may increase
the techmical hazards of operation 1n older subjects Even 1f operation
15 performed the point should not be lost sight of that a bicuspid aortic
valve 15 present 1n a large number of cases an anomaly only second to
the patent ductus arteriosus in its risks of infective endocarditis Equally
there remamns the berry aneurysm which may rupture even in 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 in the artenies of the legs and the legs become warm
Equalization of pressure 1n arms and legs comes after a period 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 a major advance 1n physiological surgery

and must 1n many young cases be confidently recommended to the
sufferer with coarctation

CONGENITAL STENOSIS OF THE AORTA DISTAL TO THE ISTHMUS
(Syn Congemtal Stenosis of the Abdomnal Aorta)

Whilst coarctation of the aortais 1
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 (Haster 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 1 a central thin partition to the descending
aorta It has been suzgested by Maycock (1937) that m stenosss dstal
to the isthmus there ts 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 nise to
aneurysmal dilatation 1n the aorta proximal to the seat of obstruction
and there 1s also a teadency to thrombosts at the site of the lesion It
15 possible for lesions other than congemtal to produce a stenosis or
even obliteration of the aorta The proof of a congenital ongin of the
stenosis lies 1n the presence of a collateral circulation developed by
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compeasatoty hypertroply of the mtercostal and mternal mammary
ves els m conjunction with the superior and inferior epigastric vessels
For a complete discussion of these cases the reader 1s referred to the
work of Mavcock

There 15 no typical symptomatology of the condition and such
symptoms as are present in the few recorded cases are similar to those
of coaretation of the aorta The lesion may be entirely latent There
may be attacks of dyspnoea and palpitation and a sense of fullness and
pressure 1n the chest Eptleptiform convalstons were present 1 two
cases

The physical signs are those of cardiac enlargement hypertension
and the pretence of a collateral arteral circulation

Death may result from imntercurrent infection cardiac lafure of
rupture of a blood vessel The average age at death in six recorded cases
was 32 with extremes of 15 and 49

INTERRUPTION QF THE AORTIC ARCH IN ITS DISTAL PORTION WITH
HYPOPLASIA OF THE AORTA This 15 a rare abnormality and Abboit
(1927) analysed five cases Evans (1933) reported three cases 1 his
seties A recent well documented case 15 that of Stewart (1948)

The principal anatommcal feature 15 the abrupt termination of the
aorta at the level of the left subclavian the arch ot the aorta being
continuous with this latter vessel The pulmonary artery after gnang
off a right and left branch continues by a widely patent ductus arterio
sus wnto 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 tn one of Evans s cases both sub
clavians arose from fhis site la Stewart s cases there was a small
mterventnicular septal defect The interruption of the arch 15 so com
plete that there 15 no tibrous band or any communication between the
aortic arch and the descending aotta (fig 26)

The embryologicil ongin of the anomaly 1s by the abnormal drs
appearance of the distal pact of the fourth left aortic arch and of the
left dorsal aorta between the fourth and last left aortic arch The fourth
Jeft arch connmues as the left subclavian artery There 15 thus mter
ruption n the arch of the aorta the descending portion bemng absent
and the ductus becomes continuous with the descendmny, 2orta

This anatomical arrangement were the sub,ect to survive sufficiently
would be reflected by cyanosis m the lower halt of the body and
2 good colour 1 the upper half Deuth 1s usual in catliest mfancy but
‘Abbott (1927) mentsons survaval of o case lo five and a haff years

(CONGENITAL ABSENCE OF THE ASCENDING AORTA These cases are
and Abbott (1927) bas analysed ten To these may be added the
cace of Evans (1933) which wm addition was an example of a cor
pilocutare  The ductus artenosus 3s widely patent [ar;]d[commucs !u:L
dimmished 1n calibie st the descending aorta Slightly proxumal

long

ra1¢
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the point of yunction of the ductus and aorta a common trunk 1s given
off from which arse the vessels of the arch (fig 26)

Abnormalities of the Right Subclavtan Artery

The night subclavian artery may anse distal to the left subclavian as
the last branch of the aortic arch To reach the right side 1t passes
behind the oesophagus but 1t may also pass between the trachea and
oesophagus or anterior to the frachea Rarely 1t may anse from the
descending 2orta below the ligamentum arteriosum

B

Fic 26 Types of stenosis and atresia of the aortic arch (A(l!r Evans)

I TInterruptton of the zortic arch in its distal portion 2 Atresia of the

ascending aorta ductus widely patent 3 Atresia of the aortic onfice
4 Absence of the ascending aorta

An abnormal right subclavian may gnve nise to symptoms Bayford
(1794) reported dysphagta 1n a case with an anomalous right sub-
clavian artery passing between the trachea and oesophagus and
Holzapfel (1899) refers to the even earlier cases of Murray (1768) and
Brewer (1791) In Murray s case the artery was retro oesophngeal
Most often the cond: remajns symptomless and
abnormal artery may be injured accidentally as 1n the case of Klrby
(1818) where 1t was mjured by a piece of bone penetrating the oeso
phagus a probable factor n the subsequent death of the patient

Hypoplasta of the Aorta

Maud Abbott (1927) defines hypoplasia of the aorta as that
condition n which the lumen of the arterial vessels 13 the greater
circulation remains abnormally small and the walls unnaturally thin
and elastic It appears to have been first recogntzed by Morgagm (1788)
Rokitansky (1844) noted the occurrence of an nfantile aorta with
associated cardrac hypertrophy and gemital hypoplasta Virchow (1872)
noted a narrow aorta and cardiac hypertrophy Spitzer (1897) com
mented upon the same association and stated that only if the subject
lived to adult age would cardiac hypertrophy ensue There are more
than a hundred cases 1n the terature and discussion has centred round
whether 1t 1s a true congemtal abnormality or whether 1t ss due to
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{“‘”0{5 operatng after birth It 15 so frequently assoctated with
fymp and thymic hypopl. that 1t may be the expression of a
constitutional type (Phulpott 1929)

HyPoplasm of the aorta may occur as an isolated condition or as a

of other | cardtac defects This suggests that

cases might well be divided nto these two groups As an isolated defect
1t 1s purely developmental and s often associated with other visceral
abnormalities notably of the genttalta or 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 hypertrophted heart with a normal
sized but very thin walled ascending, aorta and aortic arch The
descendimng aorta was less than half the normal size Atheroma nvolved
the onifice of the left coronary artery and some patches were present
1 both right and left coronary arteries There was m additton 2 left
hydronephrosis and a persistent thymus The spleen was enlarged and
all lymphotd tissues were hyperplastic Hts sdentical twin brother had
died dunng exertion 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 circulatory system so that the descendtny, aorta remamned
mn an fantile state This increased resistance led to carciac hyper
trophy and dilatation and finally resulted in a fatal circulatory crists
Valentine and Nicholl (1945) report the case of a man of 31 who pre
sented a hypertrophted heart with hypoplasta of the aorta and extensive
genttourinary abnormalittes No mention 1s made of the lymphord
tissues QOther examples are those of Whattle (1929) Ikeda (1932) and
Werley Waite and Kelsey (1944) Cooke and Cloake (1943) report two
cases Theie first case a diabetic male of 31 had extreme cardiuac
enlargement with moderate hypoplasia of the descending and abdominal
aorta and pituitary hyperfunution was suspected In their second case
a 35 year old female with acromegaly there was gross cardiac enlarge
ment predominant hypertrophy of the left ventricle an interaunicular
septal defect and hypoplasia of the aorta

The foregoing brief account indicates that there 1s a quite definite
type of aortic hypoplasta with erther lymphord or endocrine changes
and often with abnormalities of the genstourinary tract The hypoplasta
need not necessarily mvolve the whole length of the 2orta but even in
those cases where hypoplasta 1s most apparent distal to the aortic
arch comment has been made on the soft thin walls of the ascending

aorta
Hypoplasta of the aorta as a secondary abnormality 1» the almost

constant concomutaat of significant defects of the auricular septum It
may complicate the various types of stenosts 1 the aorhic tract or be
present when mutral stenosis 1s established at an early age Balfous
(1898) mnsisted upon the preponderant role of early mmitral stenosts i
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the genesis of aortic hypoplasta He supported the view of a congenital
miteal stenosts and his 1deas were sufficiently advanced tor im to state
that rheumatte 1nvolvement of the mitral valve always entaled some
degree of stenosts For hum hypoplasta of the aorta was a mechamcal
effect of miutral stenosts because less blood was transmutted to the
aorta As a the normal d of the aorta was
lessened and growth and bolism of tssues was Autopsy
expertence has not substantially confirmed that there 15 marked hypo
plasta of the aorta i rheumatic rutral stenosis [n coarctation of the
aorta the element of hypoplasia may be overlooked as it 1s often
obscured by dary dil; 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
distal to the arch The walls are thun and abnermally soft and elastic
and their changes may extend to the branches The intima 1s smooth
and most often healthy M Hy there s a d hed breadth
of all (hree layers but especially of the media

The effects of hypoplasia have 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 constnicted 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 1 strenuous work
might act as the stimulus for hypertrophy Even if this were so 1t 1s
ifficult to explan the gross enlargement of the heart that 15 present
Some (Amsler 1912 Courville and Mason 1938) suggest an endocrine
factor and argung from the incidence of cardiac hyperrrophy and
failure m the absence of hypertension n acromegahics find reason to
suppose that a glandular element enters 1nto the matter Clearly here
1S 2 matter that requites patient tavestigation for the actual cause of
hypertrophy be it increased work or glandular actvity remans hidden
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dernved from the distal past of the Fourth left root arch may arnse from
the aortic root and Pass behund the trachea ang Oesophagus In other
€ases it may arise from a pessisient proximal portion of the fourth feft
arch and piss upwards 1o as distribuson 1 front of the trachea and
oesophagus

In the unique case of Beavan and Faits (1947) 2 temale chuld of 9
the aortic arch ascended mnto the aeck to the level of the cticord carty
lage (fig 28} M then descendid and passed backwards and to the Jeft

? with no <ymiptams
19 thghaoctic arch Male dged 2
?ﬁ;omn?’&h picked ug P:; :laisnlr‘a’d‘:’;geg%gyﬂ a(r’yg’a m
P
astinal tumour was e Sty

el suy-
behind the oesophagus dad descended 1 a nm‘ma:1 ::;ysl:‘orlt e
lavian dartery arose from the descending aonta @ ey oncieimg
cciz?cxus artertosus enteged the Jelt subciavon xl]ms cs«;z_ o and
the trachea and oesophagus The child comg ::g{rmc T s
ented a pulsatie swelling tn the right st the heck e T
ke fo be an anewrysm and heatured with ; e thid
e ly results from formation of the aortic arcl i gl aorte
::g:;ﬂ:xo arch mstead of the fourth ;;rrson;: ZZT:TZ’ ;ﬂ; s
as in 15 ¢ t
REPG gloggm:z ?A:g;il ‘Snde\' ths headhng are xncl{xd“?{ r;&;’;(
dR:Ib}ert,:E:rc}z right sided aothe arch with persnlen
stde

(Arkin), and double aarac arch
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over the nicht bronchus passtag to the
I ;}\\:‘::doe\::} Ei;g::aaarﬁgc;csophmus ‘Two alternatise courses may
t!;éen be followed Either it descends on the nght side crossimgoverata
tower level 1o reach the nortc opening i the diaphragm o i other
cases smmedrately after crossing the night bronchys it passes betuad
The trachea and oesophagus widemng mto a dierticulun (persistent
Left raot) which pushes these structures fornard 1t may then descend
on the feft side to the diaphragm or dustal to the doverticulum 1t may
curve back 1o the nght side and descend faterafly to the ascending aorta
gradually crossing to the left at about the level of the ewehth or mnth
1horacic vetiebra
1t 15 thus enident that a night aortic asch with a descending aorta on
the right side 15 likely to be symptomless becansc its course is Tateral
to the trachea and oesophagus 1t 15 however possible that the arch
of the gorta could exert pressure on the rieht upper fobe bronchus or
e Yeft smmomnate of left common carotid astery mmsdit be stretehed
across the tracher and so give Ttse to symptoms A nght aortic arch
with a left descending aorta s much more hiely to cause symptoms
tecause of its retro oesophageal course and because the ductus or
higamentum zrtenosus completes & ning round both the trachea and
wesophagus Even i the presence of a vascular ning of this type
symptoms may not be present vntl such time as derenerative changes
appear i the aorta
In the right aortic arch with 3 ught descending aorts the first vessel
gien off the arch 1s 2 feft innommate artery followed by a rght
common carotid and a right subclavian artery
CLASSIFICATION AND TYPES An embryolopical clasafication would
welude most 1€ not all of the types in the category of a double aortic
arch The types descnbed are mamly diffe d by the
degree of persistence of the left fourth arch from sts most attenuated
form down 10 1ts most obuious form i dowble aortic asch Cases
with a perustent left root occupy an intermedtate posttion in this scale
and Arkin (1936) canoiders that the fourth left arch undergoes stenoms
In the isthmus region The combination of left subclavian artery short
occluded vessel and pernistent telt root comprising the fourth left arch
forms a tight fing round the srachea and oesophagus and feads to the
persistence of the fourth nght arch {figs 30 and 31)
The development of a nght sided aorta 1 more eastly understood
when it 15 connideted m relation to other abaormahities of the fourth

arch A glance at the table adapted from Roche Stetnberg and Robb
(1941) makes this reasonably clear

The types of nght sided aortic wreh ace as foliows

(1) In additson to persustence of the nght fourth arch there 1s per
sustence of the prowimal portion of the left fourth arch The aorta
crosses the nght bronchus and the left subclavian (left arch) anses from
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the front of the aorta
side The ductus arten
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the Ty,ht aortic arch behind these structures
(2) The right aostic arch has a sumilar ongts fo the preceding There
1 perststence of the distal portion of the left arch resulting 1 a diver

ght cacot o

feft ca ot - 1 * Loers _;é;_’vc left

Fic 30 Anatomucal picture in right aortic arch with
persistent Jeft root {Specimen R €8 Musenm)

Fie 31 Rght aottic anh (After Arkin}

left root of Arkin The
t the end of the arch the persistent
;;ci';ll‘;umbgavlan attses from the dnerticulum and ‘r}xxmsd ‘behmd the
b ductus Joins the div.
trachea une b - hea and oesophagus
he diverticnturt behtind the trac)
ggﬁsptfﬁx:ecirtuciurcs betng pushed forward a point of radiologrcal

1m&¢)’r{Aantizc double aortic arch anses from persistence of both the
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night and left fourth arches It s often assocsated with congemtal
cardiac anomalies that are ncompatible with hfe It may occur as a
sole abnormality The aorta ascends to the nght and divsdes into two
limbs (hy 32 AandB) A posterror lumb passes behind the cesophagus
and the anterior mb tuns to the left in front of the trachea These tvo
vessels whuch may be large or unequal in size merge together again
10 the left side of the beyond the of the ductus
to form the descendmg aorta The vessels of the arch may come from
either hmb or from both kmbs Commonly the posteior imb gies
nise to the nght subclavian and the right common carotid attertes and
the aptertor limb to the left subclavian and left conmon carotd artery
The trachea and the oesophagus ate thus encireled and from the
surgical point of view thete may be accasions when it may be m
posstble to divide the ring without waterfertng with important vascular
channels (Gross 1945) The encirclement of the trachea and oesophagus
may wfluence the clinical pictuse at an age when degenerative changes
are apt 1o take place i the vascular components of the ring

ANOMVALIES OF THE AORTIC ARCHES CONSIDERED IN RELATION
T0 A FUNCTIONING DOUBLE ARcit

An 1 and exp has been pro; ded by
Edwards (1948) As a reference pattern he takes a functioning double
gortic arch In the young embryo the ventral gorta gives off tho arches
which enaircle the prinitive alunentary canal and then join to form
the dorsal aorta By atresa or disappearance of certam parts of this
system the normat aortsc pattern is produced as well as anomalies of
the arches In group 1 the ductus and descending aorta are approw
mately i thew normal positions Group 2 anomales are the murror
wmage of those of group t

Grour 1 LEFT SIDED DUCTUS ARTERIDSUS AND DESCERDING AORTA

(1} Funetionung Double dortic drch
The types tttustrated &ffer only from each other 1 the diameter
of the anterior (&€t arch) a narrow anterior arch being the more
comman The anterior (left) arch passes in front of the trachea
The postestor (night} arch passes aver the nght bronchus and
betnd the oesophagus the tho arches meeting exther behind the
oesophagus or to the left of the midhine The trachea and oeso
phagus are thus completely encircled by a vascutar ning rendered
taut by the higamentum arteniosus (fig 32 A and B)

{2} Parnal Atresia of Double Aorsie Arch
Atresia fas occurred between the onigin of the left subclavian and
the gt tmsertion of the ductus artenosus This s 2 not un
common type and has been described by Arki (1936) (g 32 <)

(3) Reght sided Aortic Arch wuh Retro-cesophageal Segment and Left

o
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Fi 32 Abnormalites of the aoriicarch aand s doublezostc arch ¢ partial
rostent Jeft 100t

atresta of double zortic arch D right s1ded aorne avch with fet
grng ngin 1o left subclavian aftery F Tight sided doftic arch with left sub-
clavian arssing from an nnomnate arterv ¥ left aortic arch with retro-
Sesophageal right sabelavian artery @ nosmal type of arch (After Edwards




ABNORMALITIES OF THE AORTIC ARCH AND CORONARY ARTERIES 85
sided Descending Aorta Left Subclavian Artery origmnating from
an Aortic Dnerticulum
Atresia has occurred 1n the region between the left common
carotid and left subclavian artenies The left subclavian arises
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 Innomnate
Artery
A gap exsts 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
ongims of the right common carottd and the nght subclavian
artenies 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 night

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

(T) Hypothetical form yet to be described
Rught ssded aortic arch and left sided descending aorta with

atresta of the left aortic arch between the omgins 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 Dnert
culum
Araretype A casehasbeenteported by Edwards (1948) (fig 33 a)

(2) Left sided Aortic Arch with Retro oesophageal Segment and upper
part of Descending Aorta on the right side Right Subclavian Sfrom
the Right Innonunate Artery
The part of the rght arch between the origtn of the right sub
clavian and the aortic msertion of the ductus has disappeared
(Paul 1948) (fig 33 B)

(3) Right sided Aortic 4rch with upper part of the Descending Aorta
on right side Left Subclavian from the Aortic Arch of Descending
Aorta
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The Jeft arch between the orign of the left common carotid and
the left subclavian disappears (Locknood 1884) (fig 33 ¢)
(@) Right stded Aortic Arch with upper part of the Descending Aorta
,X.” ;lt: rlg/ztt side Branches of the Arch g murror wnage of rormul
requent arrangement in t
zortie e (on 33g - the tetralogy of Fallot with night
(5) Hyporhetical forms
() Functioning double aortre arch with ductus on the night side

Fig 33 Abnormalitigs of the aortic arch A left sided aortic arch with
descending aorta on the night side Right subclavian anses from an aortic
dwverticulum B simtlar type to A with night subclavian ansing from an
mnotmna eartery C tight sided aortic arch with retro-oesophageal lett sub
clavian actery 1 right goctic arch w the tetralogy of Fallat (Aftec Edwards)

(b) Partial atresia of right arch between the ongins of the nght
common carotid and night subclavian
(c) Atresia between ongins of the right subclavian artery and the
aortic nsertton of the ductus
It will be noted that these anomalies are murror images of those
already known and belonging to group 1
INCIDENCE The right sided aorta has hitherto been regarded as a
rate congenital malformation In Abbott s (1931) one thousand cases
1t oceurs oaly fourteen tmes The anomaly was first descnbed by
Sandifort (1793) The association of a mght sided aorta with the
tetralogy of Fallot has been known since the time of Corvisart (1818)



ABNORMALSTIES OF THE AORTIC ARCH AND CORONARY ARTERIES 87
Assmann (1923} who first described the radrofogical picture although
tnconipletely referred to 1t as Hohe rechtslage der Aorta  and from
s ecLurrence 1 his three cases with other congemital anomabes he
assumed that it was always combned with these latter A farge atnal
septal defect was present in the case of Assmann Bedford and Parkinson
{1936) reported 1ts assocration with the Eisenmenger Complex and it
oceurs 1n 50 per cent of cases of persistent truncus arteriosus Itss
found with the various types of destrocardia [t 1s probably much more

%’Ii v €

: 3 o~

3

Fio 3% Diageam of the types of nght srded aortr. arch {After Brumlk }
1 Normal 2 Assmann s type 3 Askin s type with pursistent feft root

frequent than 1s at present estimated and mo doubt the mass radio
fopical surveys of the popuolation will bring many symptomless cases
o Light

In regard to the double aortic arch most of the twenty cases collected
by Lockhart (1929) were found 1 chuldren under seven moaths of age
In Lian and Marchal s (1937) case there was a functioming double
aorta at the age of 33

CranvcaL PICTURE Most often the anomaty ts symptomless and only
found at past mortem or mn the dissecting room A large sing 15 unltkely
to give rise (0 symptoms but a small tight nng may canse tracheal
compresston  and less frequently oesephageal obstruction with
dysphagia

Dysphagia may occur in adults after 50 when degenerative vascular
«hanges take place When present dysphagia is due to pressure on the
oesophagus by the avtta and its left root (fig 34) or by the posterior
lsmb of a double aorta Ocuasionally when an anomatous left sub
&lavian pursues a retro oesophageal course 1t may afso cause dysphagia
Tins general type of dysphagia has been called dysphaga lusoria
According to Fagge (1856) the term lusoria (from the Latin fusus a
freaky was first apphed by Bayford of Lewes (1789} to a case of
dysphagia where an anomatous nght subclavian artery passed between
the trachea and oesophagus Arkan (1936) has called attentron to certun
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physical signs present 1n his cases These are dullness along the upper
night border or the sternum extending as high as the right sterno

clavicular artientation wisible and palpable systolic pulsation 1 the
second and third night spaces near the sternum and 1n the right supra

clavicular fossa maximum intensity of the aortic sounds to the nght
of and above their usual situation The other heart signs are normal

The diagnosis 1s essentrally radiologteal and m the absence of symp-
toms may be purely accrdental

by

Fi16 35 Tracings of the night sided aortic arch (Afier Bedford and
Parkinson } A with persistent Jeft root B Assmann s type

In regard to the spectal symptomatology of the double aortic arch
there may be no symptoms e adults In children the symptoms are
those of noisy breathing stridor cyanosts and dysphagia with exag
geration of these symptoms when the child 1s fed or when 1t lies down
Recurrent trachertss and bronchtal infection 1s common and the case
may terminate m broncho pneumonta as did that of Snelling and Erb
{1933) From a diagrostc point of view wheezing from birth and later
dysphagta are the ntost Actual d 1s
mauwly radiological and so far the bulk of cases have only been recog
mized at autapsy Awareness of the posstbility of a double aortic arch
and 1ts importance from the pomnt of view of surgical correction should
fead to more frequent diagnos:s tn the future

RADIOLOGY The aortic knob 13 absent on the left side and the aorta
projects to the nght where 1t may be scen either as a defintte knob
below the fight sterno clavicular joint or as a band like shadow
extending up to the right clavicle The appearance with bartum i the
ocsophagus ¢ pathognomonie as the right sided aortic arch lies to the
nght of the oesophagus which latter 15 tndented 2nd pushed to the
left There may sometimes appear to be two zortic knobs the smafler
and less clear one being on the left side (fig 35) This feft sid~d knob
1s the persistent left aortic root and being placed behind the oesophagus
15 not so clearly visible The trachea 1s also placed to the feft with the
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result that the left bronchus tends to become vertical as the continuation
of the trachea whiist the nght bronchas 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
observers have noted a funchional double morta tn 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 1o the nght

In the nght obhquz posthion the nght aortic arch and diverticulum
push the trachea and oesophagus forward giing 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 baniwm swallow may show narrowing
of the trachea above the bifurcation and some shght mndentatiag of the
oesophagus (Gross 1945)

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

Angrocardiogsaphy ss 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 nght border of the heart was
thought to be an ancurysm but this method showed i1 to be a tortuous
descending aorta the continung part of a nght sided aorta with a
presistent eft root

Courst AND PROGNOSIS The night aortic arch unless combined with
other anomalies may pursue an entitely symptomiess course The
chuef nisks are it and would b by h
or ather wtrathoracic operations The anomaly of nself may not

shorten Iife and the prognosss 15 that of the associated congemtal heart
abnormality of 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 infant of one year with tracheal
an Pref 'y 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
left 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 afl of which were dentified 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 Joinng to
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form the descending aorta thus making a ring round the trachea and
oesophagus The ring was ngh d by the I
which ran from the left pulmonary artery to the pamt of junction of the
two aberrant vascular mbs of the double aocta

The tracheal compression was relieved by dniston between silk
hgatures of the ligamentum acteriosum This caused the pulmanary
artery to fall forward away from the trachea This procedure did not
cause complete refief and so 1t was decrded to tnterrupt the smaller
anterjor lumb 1 such a manner that the circulation to the descending
aoria Would not be compromised The anterior imb was accordingly
severcd between ligatures between the left common carotid artery and
the left subclavian The left common carotid mmediately displaced
uself superiorly and to the right and the trachea was obviausly relieved
of pressure The chest wall was then closed the left lung being com
pletely expanded before final suture of the wound

Post operative treatment consisted of a steam room for one week
and parenteral sulphadiazine and penscallin for stxteen days At the end
of a week there was no pyrexsa and no distress of any kmd

It appears from a surgical pownt of view that the essential procedures
are dision of the smaller arch and of the ligamentum arteriosus  In
those cases of night aortic arch where there 1s actual compression
division of the dustus may enable the pulmonary trunk 1o fall away
from the trachea An abnormal subclavian artery should be ligatured
and divided and the ligamentum artertosus may be dnided as well

Abnormalittes of the Coronary Arteries

Abnormalities 1n the ongin of the coronary arteries are uncommon
They have been studied by Bland White and Garland (1933) and
wformative reviews are given by Soloff (1942) and kaunttz (1947) The
left coronary artery 1s most frequently involved perhaps because the
ostium of the left coronary artery 15 much closer to the puimonary sinus
than 1s that of the nght Soloff teen cases of 1!
Jeft coronary artery and to these may be added that of Proescher and
Baumann (1944) and the two cases of Lyon Johansmann and Dodd
(1946) The recent survey of kaunilz Itsts twenty seven cases

The effect of such an anomaly where placement of a coronary artery
1n the pulmonary artery results 1 a qualitative defect 1n the bood
supply 1s to cause degenerative changes with replacement fibrosts 1
the territory of the artery denved from the pulmonary artery Difatation
of the affected chamber ensues and the heart hypestrophtes The leston
kas been recorded as a cause of the so caled Whopathi hypesteophy
of the heart (page 42) In some cases 1f survival has been long enough
an arteriovenous aneurysm may devetop i the heart walt {Abbott 1927
Brooks 1885) In one case that of Biorch ard Crafoord (1947) an
anomalous branch of the left coronary artery entered the pulmonary
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artery forming an arterrovenous aneurysm with a continuous bruit
Occasionally the right coronary or a third coronary artery the latter
of ltle signihcance may atise 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

PatioLoGy 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 1 the terntory supplied
by the aberrant vessel Only when an accessory coronary anses from
the pulmonary artery are these changes minimal 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 Schley s (1925) man of 61 who had syphilis there were no
gross changes 1n the musculature of the right ventricle This 1s 1n
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 in both coronary arteries yet 1t 15 uncommon to find
marked degenerative changes and fibrosts i the right ventricle This
observation suggests that the ogygen needs of the left ventricular
musculature exceed those of the night ventncle which latter can
function 1n the normal case with the low oxygen content of venous
bload In this connection too 1t should be remembered that the right
ventricle 1s richly supphed with Thebestan vessels and infarction of the
lateral wall of the tight ventricle ts uncommon in comparison with
1nfarction 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 necessarily due to the low oxygen content of the venous
blood that 1t receives He believes that anastomosis between the
cotonary vessels are such that the affected area recerves 1ts blood supply
from the unaffected 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 circulatton 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 peculiarly constant 1n the
Tecorded cases All stages of degenerative disease are present meluding
fatty changes 1schaemic necrosts fibrosis and caleification The wall
of the aberrant coronary artery 1s often thin and vein like Soloff (1942)
has paid partiular attention to the embryomc sinusoids which main
tamn a communication between the left coronary and the ventricular
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cavity These were numerous In 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 endotheltal 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 after normal diviston p after
abnormal dwvision so that coronary artenes apsse from pulmonary artery

coronary circulation Some are destmed to become the vewns of
Thebestus communreating with the ventricular cavity (Grant 1926)
An aneurysm of the left ventnicle 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 antertor cusps of the aortic valve 1f 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 sptral septum or a musplaced bud may
result in one or both buds commg within the pulmonary artery It1s
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) Lest coronary
{b) Rught coronary
(¢) Both coronary arteries
{d) Accessory caronaty 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 WITHl MALFORMATION OF HEART

Where there 1s a single artertal trunk as 1n cor biloculare or cor
teloculare 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 coronares spring from the transposed
aorta and venous ventricle Fatlure of torsion resulting n partial
transposition changes the position of the vessels relative to the aortic
cusps (Abbott 1927) In aortic atresia the coronary arteries are found
1n therr 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)
ot 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 chinical preture 1 young
children (page 96) 1n whom symptoms may appear 18 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 fibrosis and occasionally calcificatron 1 the left ventricle These
changes are 1dentical with those induced by coronary sclerosis 1n the
adult and may be by electr aphic changes with
T wave invasion tn one or more leads The T wave was nverted tn
leads 1 and 2 of the case of Bland White and Garland and there was
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low voltage T wave inversion was also present in the case of
(1946) and Kaumtz (1947) ? caseoflyoneral

In some cases the abnormality has been compatible with adult Iife
Abbott s (1927) case met an accidental death at the age of 64 The
descending branch of the left coronary entered a large sinus which was
in communication with large vessels Rubberdt s (1937) 27 year old
man died suddenly at work and a greatly enlarged right coronary
artery 1nastomosed with the left Kickel s (1934) case aged 38 had also
4 very large right coronary artery and there were anastomoses between
the two coronary vessels Dietrich s (1939) patient a man of 57 had
hypertenston angina pectorts aed auricular fibrillatron It ts evident
that an effective collateral crrculation was present in these cases who
survived to a later age

(2) RiICHT CORONARY FROM PULMONARY ARTERY There are but two
recorded cases of the abnormality those of Monckeberg (1914) and
Schley (1925) Both cases aged respectively 30 and 6] died of inter
current disease unrelated to their anomaly There were no changes of
note 1 the right ventricular musculature The nght coronary artery
was thin walled hike a vetn and 1t 1s assumed from the absence of
pathological changes that there was an adequate anastomosts between
the two coronary arteries Possibly as mentioned above venous blood
contams sufficient oxygen for the lesser metabolic needs of the nght
ventricle or the Thebesian vessels furnished an adequate collateral
crrculation

(3) BoTH CORONARY ARTERIES FROM PULMONARY ARTERY This must
not be confused wath the state found 1n a complete transposition of the
vessels where both coronary artertes are filled from the venous ventrrle
Only two cases are known those of Grayzel and Tennant (1934) and
Limbourg (1937) The former case was accompanted by a gross mal
formation with tricusprd atresta and the latter showed left ventricular
hypertrophy Both died at the tenth day with cyanosis and estreme

dysproea
(4) ACCESSORY CORONARY ARTERIES These are generally small and

of no clinical significance
ABNORMAL ORIGIN FROM A NORMAL AORTA
The coronary artery especially the night may afise at a higher feve!
than usual abosve the aortic cusps A coronary artery may also anise at
an unusual sinus Thus both coronaries may anse from the samie siaus
and own the same ortfice These cases ate often described as having an
absent coronary attery or as a single artery This designation may
be anatomucally correct but 1s functionally 1ncorrect because the
branches of the vessel ansing from the other sinus of Valsalva take over
the terntory of the vessel that has fated at 1ts usual pomt ofr ong‘zxc
Jones s (1937) case had a single coronary artery springing Tom
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right sinus which divided at once into three branches on¢ the night
coronary and the other two branches corresponding to the left coronary
1n Smuth and Graber s {1926) cases with coronary thrombosis a single
nght coronary duided mto two branches one corresponding i its
distribution to the left coronary Gallavardin and Revault s {1925) case
1s similar Tn King s (1940) case a large night coronary artery immedi
ately divided 1nto three branches the man vessel corresponding to the
nght coronary and most of the circumfiex branch of the left coronary
The ntermediate vessel took the place of the antenor branch of the
nght coronary and the third branch replaced the antenior descending
branch of the left coronary artery

Anomalies of Number

D 1 number s d d above Where there 1s a reduction
the other vessel gives branches which take over the distribution of the
absent vessel

Three or four vessels may anse from the aorta and an accessory
vessel may arise from the pulmonary artery These are without chimical
sigmficance

Anomalies of Distnbution

There are many minor differences in distribution which can be
regarded as anatomical varants of the normal The commonest 15 when
the crecumflex artery of the left coronary extends to give a pasterior
descending branch and supphes an area of posterior aspect of the
night ventricle Other anomalies oceur 1n connection with the single or

absent vessel above

ANEURYSM The first reported case 1s that of Malet (1887) A cirsoid
aneurysm of the right coronary artery was present in the case of Harns
(1937) The aneurysm commumeated with the nght auricle There was
a defictency of elastic tissue in the vessel and 1t was thought that the
connection with the aurcle was due 1o persistence of a foetal com
munication which 15 ordinanly reduced to capillary size

An artertovenous ancurysm of the nght coronary artery and coronary
sinus has been desenbed by Halpert {1930) 1n a man of 4 The rght
coronary artery expinded immediately after its origin into a series of
farge vascular loops opened by a short vessel into a dilated coronary
sinus The condiion was symptomless dunng lfe Lowenheim (1932)
reported anarteriovenous aneurysm of the nght coronary artery and vein

Localzed difatations mav also occur upon the walls of the coronary
afteries especially the left corresponding to those seen 1n the cerebral
vessels and have even been found tn the interventucular septum They
are hiable to rupture causing a haemopericardium and death They are
symptomless until some accident occurs and are unltkely to be
recogmzed until post mortem examination
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An interesting and unusual case 1s that of Biorck and Crafoord (1947)
where an arteriovenous aneurysm of an aberrant branch of the Jeft
coronary arfery d with the pul y artery There was
a machimery 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 considered Reported cases

F16 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 abnormal
ongin of the coronary arteries

suggest that the 1nfant appears to be normal at birth but ;\(;ter a few
days to months there 15 evident resp y distress with lyspace
cough and vomiting These symptoms 2re often worse after food hts
been taken There may be pam of a coltcky nature which Soloff bchc\cds
to be angma pectons because of the shock like facies pa[[oi :md
sweating induced by eating Climeal examination reveals an enl ;;gtc
heart of which confirmation 1s recetved from the X ray prcture efl\
are usually no murmurs present but a gallop rhythm 1s cor?r‘r;:mn”e
personal case followed for a period of fifteen years show;hn fmﬁ :
of 15 marked impatrment of e;e;tnogal capacity but the ge
velopment of the patient 1s good for hus age
dERcAoufomGY The F;ncart 1s grossly enlarged the left \cnmclemt:c;:rg-;
matnly mvolved (fig 37) In the left anterior oblique Po}i;‘[m:nlargcd
ventricle 1s enormous and the night ventricle may be s“gm{\e i
Cardrac calaification 1n a young subject might be suig

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 charactenishe Anomalies 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 myecarditis of which Fielder s
myocarditis 15 the type

PRoGNOsIS In general Soloff found that the ongin of both coronary
artenes from a pulmonary artery lead to death n a few days A left
coronary artery ansing from a pulmonary artery was compatible with
Uife 1f there was an adequate collateral circulation Most often the

lateral 1 1s 1mad and h necrosis
and subsequent fibross leads to death below the age of one year A
few cases survive to adolescence or adult life 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 1s 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 was absent There was an aortic septal defect of 12 mm 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 contmuous with 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 mn 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
right lung was doubled 1n size and the left lung eusted as a rudiment
behind the aortic arch Intheir second case a truseus aorticus solitanus
a patr of pulmonary arteries arose from the back of the descending
aorta and were 1n all probability an adapted patr of first itercostal
arteries [n other cases of single 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 ofl an
artery A I pul 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
arteriosus and the branches from the sixth aortic arches The right
subclavian 1s derived from the fourth right arch The ventral com
munications between the third trd 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 sixth 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
superior mediastiaum

Anomalies of the Pulmonary Vemns

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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blood may enter the feft side of the heart and so reach the systemic
arculation The cases of Nabarro (1903) and Abbott (1936) both
female chuldren aged 5 months and 2 years respectively and the case
of Sanes (1939) are ples of this a Iy The pul v vems
may dramn directly iato the nght auncie as 1 the nime months old
child reported by Duff (1938) In this case the foramen ovale was
patent and there was no trace of a valvular flap over the foramen
Absence of the valve was terpreted as an indication that the foramen
primum had formed the final septum and that the left valve of the
sinus venosus had not been incorporated into the aurtcular septum
5o that the pulmonary veins rematned n the right auricle
The pulmonary veins may enter the superior vena cava Several
types of this anomaly have been reported The night pulmonary veas
may eater the superior vena cava the left pulmonary vemns betng
normally sited The Jeft pulmopary vems may enter a persistent Jeft
superior ven2 cava or a left nnomtnate vein The entire venous retutn
of the lungs may empty into a left supertor vena cava and pass through
an imnnominate vein to reach the right supertor vena cava and the right
aunicle The cases of McCotter (1915) and McManus (1941) are good
examples In Gullespre s (1941) case the lungs were jotned together by
a single vein from the middle 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 in which 2 pulmonary vemn
has entered such structures as the infertor vena cava the azygos vetn
the subclavian vemn or the portat vein
PATHOLOGICAL EFFECTS OF PULMONARY VEIN ANOMALIES Anomalies
of the pulmonary veins result m some or all of the venous return from
the lungs entering the night aurnicle As a result hypertrophy of the
night aunscle and ventricle ensues and the pulmonary artery dilates
The degtee of these changes will vary being less i those cases where
part of the venous return is abnormally diverted and extreme where
the whole venous return of the Jungs 1s seturned to ihe nght aurcle
The left auride remaws small and the only onfice entering it 1s the
foramen osale It 1s through this foramen that the systemic curculation
15 supphed A certain number of cases are assoclated with gross defects
of the posterior part of the aunicular septum  In others the himbus of
the fossa ovalts may show no valve flap but 1n a porportion of cases
the foramen ovale may be furmshed with a vale At autopsy apart
from these gencral findings the liver s enlarged and the lungs congested
owing to fature the commonest cause of death
In regard to the crrculation it s obvious that a ‘cunsm’cmbh: voture
of oxyg! d blood will be d un the Y cireutt ‘;1,1:
sysiemic enrculation mn the extreme forms of the ana}r,m)y s saeyf
supph 4 through the foramen ovale and to t;us extent t rc :;lstenrf;;
{he pateent 15 determmned by the degree of patency of this o
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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 vHI

ABNORMALITIES OF THE SEMILUNAR
CUSPS

The gorta and pulmonary artery are formed by the diviston of the
truncys arterrosus  The distal bufbar septum divides the fateral pair of
the four bulbar endocardial cushtons with the result that there are
three endocardal cushions m each artery From these develop the
aortic and pulmonary cusps by a process of hotowing out Irregutarity
mn the growth of the distal bulbar septum whereby one lateral cushion
remains unbisected may account for the formation of only two cusps
in the aorta The bicuspid pulmonary salve of the tetralogy of Fallott
has been explaned by Spitzer {1923) on a phylogenetic basis (page 259)
as due to the persistence of the bicuspid reptihian nght aorta Simonds
(1923) suggested that fuston of the two halves of the bisected lateral
cushions might similarly lead to the formation of bicuspid vafves In
ather cases four cusps may be present in one or other of the artertes
The fourth cusp 1s usually small and has the appearance of having
been interpolated and may anse from an abnormal supernumerary
endacardial cushion Four cusps are infintely more comnion in the
pulmonary artecy thaa i the aosta (hg 39)

Fenestration of the Aortic and Pulmonary Cusps

Fenestratton of the aortic and 'y CuSps 1s not
It occss n the crocodtle and other lower vertebrates Itis

Foxe (1929) that fenestrations were d thet
with age F above the line of closure of the valve

are rarely of significance but cases have been reported where they
caused aortic incompetence

thought by
£ neid

Bicuspid Aertic Valve

The association of a bicuspid 2ortic valve with other congedital
anomaltes 1s strong evidence of a congenttal etiology Anomabies of the
aortic valse cusps are most frequently associgted with eardiag abnor
malities of the acyanotic typ= and particularly with coarctalion of the
aorta The other accompanyiag acyanotic lesions found are locahized
defects of the nterventricular septum aortc septal defects patent
ductus artertosns subaoriic stenosis and anomalies of the aortic arch
Abbott (1932 suge ' that the frequent associatton of a bicuspid
Jottsc yahe with abnormalities of this type may have a beanng on

tiolo
¢ & 1
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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
0088

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
smalfer fused cusp 1n order to make the valve competent frequent
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fusion of the coronary (anterror) cusps and absence of the corpora
Arantiy These criteria are held to be madequate by Gross (1937) and
Koletsky (1941) Lewis and Grant (1923) found that a low raphe with
parallel borders and bifid anterior end was always on microscopical
g?mmauon of congenttal ongin  This corresponds with the view of
sler
The microscopical examnation of the bieuspid valve was first
conducted by Lew:s and Grant (1923) who made sections of the raphe
behmd the conjomed cusp Their important findings are concerned
with the distributton of the elastic tissue of the aorttc media and valve
and 1ts relationship to the annulus fibrosus In the normal state a
section of the commissure shows that the annylus fibrosus 1s to be
found superficial to the elastic tissue over the top of the commussure
as ongnally described by Monckeberg (1904) A section of the con
genital raphe which an abortwive e shows the
annulus fibrosus to be deep to the elastic layer which 1s contmuous
with that of the subintimal layer of the aorta The congemital raphe
thus presents an arrangement of its layers precisely similar to the
arrangement prevailing in the muddle of a normaf cusp and does not
show the reversal of the fayers normally taking place at the commuissure
Koletsky (1941) who studied bicuspid valves m the infant 1n general
confirms the histological findings of Lewis and Grant He states that
the charactenistic appearance of a congenital ndge 1s that of a long
narrow bar like elevation of the aorta untform 1n width and depth
and running 1 the long axis of the aorta from the cusp to the sinus of
Isalva
VaThe bicuspid aortie valve 1s prone to important pathological changes
The valve cusps may undergo thickening and fibrosis and ultimately
calctfication may take place It should not be assumed that many cases
of calcific aortic stenosts are of congenital origin The recent monograph
of Karsner and Koletsky (1947) sugge ts that most cases are rheumatic
1n ongin The results of such processes are scarring and deformuty of
the cusps with the development of aortic stenosts and i1ncompetence
and later farlure of a progressive type There ts a hability to suddcl}
death erther by rupture of a dilated ascending aorta or by rupture 0!
an aneurysm developing 1n the wall behind the abnormal cusp Death
may also accur suddenly from syncope in cases where there 15 extensive
calafication Even 1n the relatively healthy bicuspid valve stram m:]ly
provoke tacompetence and fajlure By far the most Jmpu?ant comg t
cation of the bicuspid valve congenttal or acquired 1s tnfective endo
carditis The lrability of these structures to nfective process ‘zns rccogd
by Graves (1843) and was stressed by Osler (1886) Lewis an
nuzed {91 3 and Grant Wood and Jones (1928) showed that infection
Gfri:;(vafve was not due to embolic processes but was due to ihe
:ﬂese of germs circulating 10 the blood stream tn parts of the valve
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weakened by sclerosts and degeneratve changes Ulceratve and
destructive processes are set up by orpanisms that are not necessanly
especially virulent the being the strep vindans
The appearances 1n infective endocarditis are striking and the luxun
ance of the vesetations 1s out of all proportion to the virulence of the
fecting organism The vegetations may spread to the aortic conus
and on to the anterior cusp of the mitral vahe

Cuntcat Picture There are no signs or symptoms which permit
ad Diagnosts 1f pted 1s purely inferential and 1s per
missible when aortic incompetence 1s found 1n the presence of lestons
known to be associated with a bicuspid aortic valve such as coarctation
of the zorta The leston may also be suspected when thereis an infective
endocarditis of the aortic valve 1n the absence of rheumatic history

CoURSE AND PrOGNOs1S The subject may lead an ordiary normal
ife without untoward 1ncident As indicated above there 1s a nisk of
sudden death By far the greatest hazard 13 infective endocarditis and
this occurred 1n 20 per cent of Abbott s senes The average age at
death 1s 33 years {Abbott)

Quadnicuspid Aorfic valve

An aortic valve with four cusps with aortic incompetence was
reported by Froment Bertoye and Petreau (1947) Such cases are rare
and supernumerary cusps do not appear to have the hability to bac
terial invaston presented by the bicuspid valve Wauchope (1928) found
no example of a quadricuspid valve 1n 1 966 autopsies

Pulmonary Valve

A bicuspid pulmonary valve as a sole abnormality 15 a verv rare
leston It 1s the constant accompaniment of the tetralogy of Fallot or
cases with dextroposition of the aorta or other prave defect and 1s held
by Spitzer 1o represent a persistent right (reptihan) aorta A super
numerary pulmonary cusp occurs four times 1n the series of Wauchope
Fiave cusps are figured 1n a case of Peacock Such supernumerarv cusps
are often smaller than normal cusps

Abnormalities of Septation

ANOMALOUS SEPTA 11 THE LEFT AURICLE This condition sometimes
referred to as a double left auricle 15 rare Palmer (1930) collected ten
cases and added a further example A stmilar case has been reported
by Mcl ester Bush and DuBois (1940) The left auricle 1s subdivided
1nto two cavities an anterior lower and an upper posterior by a thin
perforated diaphragm which nises from the walt of the left auricle and
Joms the interauncular septum above the open or closed foramen
ovale The anterior lower cavity contains the mitral onfice while the
posterior upper cavity recewves the pulmonary veins The two cavities
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communicate by sht ltke perforations and t
effects as a mitral stcnoslg e diaphragm has the same
vc;’r’h‘fr?’b";”mﬂm)’ probably arises secondary to a misplaced pulmonary
15 leads to displacement of the septum primum to the feft the
vein imtervening between the septum primum and sccondum Palmer
suggests that the upper cavity represents the dilated end of the foetal
pulmonary vemn and 1s therefore not truly aurtcular The lower cavity
would then be wholly auricular and the observation of McLester ef af
that the diaphragm contarned muscular tissue would support this view

There are no physuwal signs which permrt recognitton of the anomaly
during life

ANOMALOUS SEPTA IN THE RIGHT AURICLE Chiarnt (1897) described
network of fibres in the right auricle lymng between the mteraurular
septum and the E and Theb: valves guarding the orifices
of the wfertor vena cava and coronary sinus Generally the network
amounts to a few fibres but it may assume the proportions and mm
portance of a septum Jt 1s probably the vestige of the right venous
valve The importance of the condition Ites 1n the habiny of the net
work to become the seat of a thrombus formation with its subsequent
r1sks of pulmonary embohsm This caused death in a case of Chiart
Curiously enough the network sometimes setves to arrest a thrombus
whtch mught otherwise have caused death from emboltsm (Haas 1916)
The conditton which ss present 1n 2 3 per cent of otherwise normal
hearts (Yater 1936) usually gives rise to no defimite signs or symptoms
A continuous humming murmur with systolic accentuation was present
1n the case of Wilson (1938) A large anomalous septum in the case of
DuBots and Hollinshead (1944 probably represents a persistent nght
vabve of the stnus venosus Free muscle cords in the auricles have been
described by Brenner (1038)

ANOMALOUS SEPTA IN THE VENTRICLES The right ventricle may be
divided mto two chambers 1 conus stenosis of the pulmonary artesy
Thus arises as an abnocmality of involution of the bulbus cordts the
orsfice 1 the septum diniding the ventricle being the lower buibar
orifice or ostium infundtbult Such cases have been reported as cor
trventriculare and are referred to on page 179

A second group of cases 1s where a rudimentary ventrrcle 1s cut oflf
from a common ventricle winto which both auncufoventnicular orifices
open The transposed aorta enerally artses from the rudimentary
anterior veatricle (fiy, 90) These cases are more fully discussed vnder

tniloculate hearts
AnDwsLOLS CHORDAE These are of no clncal importance but may

stretch across the cawity of the left ventricle They may gne nise to

whiar suscultatory signs In the case of Hanuiton (1899) a murmuc
\was audble fifteen feet from the patient Congenttal cord hkcslruclu}::s
stretuhung aeross the aortre onfice have been descnibed by Archer
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(1878) Ruzzi (1935 1939) and Brody (1942) Therr exact ongin 15

unknown They extend from above one commussure 0 an adjacent
commussure

Congemital Arterioyenous Aneurysm

Ths rather rare condition 1s the result of a communication between
an artery and a vein Hunter (1757) probably the first observer of an
artertovenous aneurysm thought the condition was always traumatic
m onigin Hewitt (1867) reported a congenital arteriovenous aneurysm
mvolving the night tliac vessels Halsted (1919) considered that con
gemtal aneurysms were very rare and were slightly more common when
assoctated with a naevus than when such an association was lacking
Rienhoff (1924) was able to collect twenty two cases to which he
thought a defimite congemtal etiology could be assigned and he further

noted the close a between h and [
arterjovenous fistulae Pemberton and Saint (1928) state that of twenty
five patients with arter aneurysm d on 1 the Mayo

Clinic between 1915 and 1936 sixteen were acquired and nine congenital
1n orign

The difficulties 1n distinction between the acquired and congemital
forms are enhanced by the apparent latency of some congemtal cases
untill symptoms are evoked by strain There 15 an etiological relation
ship between the angiomata capillary naevi and artenovenous
apeurysms for trauma tn any of these condittons may lead to an
arter \ related 13 the congental
phleboarteniectasts with associated haemangsectatic hypertrophy of a
limb of Parkes Weber (1918) Klippel and Trenauny had previously
described 1 1900 a o char: d by naevus
congemtal varicose veins and hypertrophy of bones and tissues of the
volved kmb Most commonly a leg 1s mnvolved but an arm could be
sumilarly affected The varicosities are not always apparent 1n 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 m which hypertrophy of a limb has been associated with
naevus and enlargement of arterses or vetns or both Increase in the
length of the bones of the affected mb and advancement 1n time of
the centres of ossification has been thought due to increased arterial
blood supply and possibly to an increased size of the nutrient vessel
Servelle (1947) considers that venous stasts 1s the more mportant
factor m bone growth and suggests that lumbar sympathectomy is
appropnate for the rehef of the condition The pont mayv be made
that this anomaly should be considered as a potential aneurysm under
the nfluence of tranma or m states where the blood flow 15 mcreased
from any cause or 1f there 1s obstruction to the venous return

e
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Rienhoff (1924) from a study of the pig embryo has suggested that
the leston 15 the result of persistence of vessels or communicattons of
the primary anlage which failing to develop 1nto the normal definttive
vascular tree results 1n the formation of anastomotic channels between
the otherwise normally developed arterial and venous trunks It 15 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 Sant
1928 Seager 1938) reconciles the essential basal stmdarity 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 The extent
of such a ton may be d by arteriography and
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 situatron but
15 partrcularly associated with the Iimbs It may msolve the external
carotid artery and external jugular vein as 1n the cases of RienhofT and
Bigger and Lippert (1937) The ear may be involved as1a the cases of
Eve (1880) and Lewrs A untque case has been described by Halpert
(1930) where such an aneurysm formed between the night coronary
artery and the coronary sinus The essential anatormcal feature 1s a
communcatton between an artery and vewn without the intervention
ry bed The artery 1s greatly dilated proximal to the leston
beyond 1t The veins are dilated .’:indb\ancosel and

facted Itmb may be present As stated above enlarge
?,:Eg:[m:foxtl‘léhl:e;:‘mwls present my;\ Timited number of cases and 15 of
sterest because cure of the aneurysm by surgical |nler\:n:1(I)In ::1:1)'
lead to a return of the heart to a normal size This 15 especially

of a capifla
and reduced tn size
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shown 1n the case of Quattlebaum (1937) Vanous explanations have
been offered of the cardiac hypertrophy  Holman (1923) suggests the
1nteased work by the heatt owing to an increased senous pressure and
‘otume flow through the heart leads to its hyperirophy and dilatation
On the other hand Lewis and Drury (1923) do not adnut any rise in
venous pressure other than that resuiting from congestne fallure and
state that the changes in the heart are the result of a dinumshed coronary
supply and paot nutritton of the heart Whilst all the factors may not
as yet be known 1t does seem certan that the dnersion of blood nto
the venous system imphies an 1ncreased venous return to the heart The
heart responds to thus by dedatation and later by hypertrophy becanse
of the increased output that it has 10 mainiam The greater the output
the greater the chances of hyperttophy and the presence of symptoms
and sigzns of heart failure Thes prowess 1s reversible and surgical cure
of the fi tula leads to a return of the heart to a normal size Where the
conditton has been present for 2 long time the enlargement 1s more
slowly reversible

CunicaL Prerure [n its earkiest stages the presence of a fistla may
be reveated 1n young subjects by an mdolent ulcer associated with a
nagvus varicose vetns or ather vascular lesion and shght hypertrophy
of the affected Iimb In the well developed case an expansile tumour is
Present This becomes larger as the leston progresses perhaps in
Tesponse to trauma or strawn A systolic or continuous thnit1s palpable
aver the mass and corresponding systolic murmurs ot conttauous

hums may be present Where the lesion 1nvolves a Itmb the vems are
markedly varcose and may pulsate Considerable oedema is present
There may be trophic changes tn the skin and wndolent ulceration due
{o short cuircurting of the blood supply A shghtly increased temperature
may be present 1 the affected part In cases where the leston has been
established since an early age excessive growth of the imb or neighbour
ing bones may be present and 1s thus an indicatron of the age of the
tesion Aneurysms developing after puberty are unaccompanted by
changes 1 bone growth Gilmour and Bolam (1937) have suggested
that such changes are due to excesstve hyperaemia and the added
factor of a rawed local temperature Others have attributed bone
growth to venous stasis Pressure on the artery supplymg the aneurysm
leads 10 most cases to a transifory sise m the blood pres ure and
slowing of the pulse and bradycardtac phenomenon of Brantham (1890)

15 5120 15 usually fess marked 1n the congemtal case Lewss and Drury
{1923) consider this to be a vagal effuct As stated above it 1s excephional
for the heart to be ealarged m the congenual type but hypertrophy
appears to be common In the acquired type

Course AND ProGNOsis This will to some degree depend upon the
site and evtent of the leston If for any reason the case remans un
treated and ntany cases are amenable to surgical mtervention the
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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
arteriovernous 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 s accompanying veins may not always
succeed and amputation may be necessary later on account of gan
grene or other comphication Lewss s (1930) collected cases indicate
that amputation was necessary in thirty four cases subsequent to
hgation Other methods of treatment are by mjection of the vetns with
sclerosing solutions compression of the varicosities by rubber bandages
and perhaps the application of radwum In the acquired case the
traumatic artertovenous aneurysm treatment s more successful and
15 by excision of the 1nvolved area preferably three to six months after
injury when an adequate collateral circulation has developed
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CHAPTER 1X

CYANOSE TARDIVE, PATENT DUCTUS
ARTERIOSUS

‘The charactenstic feature of the lestons of the group cyanose tardne
15 that there exists a communication between the two sides of the heart
such a feature 1s present 1n uncomplicated cases of aortic septal defect
defects of the auricular and ventricular septums and 1n the patent
ductus arteriosus Under ordinary conditions the pressure in the left
sude of the heart 1s higher than that 1n the nght side and consequently
any shunt that may be present 1s from the left to the nght or arterio-
venous (fig 40) That such a shunt does take place in 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 in the patent ductus and in the mter
auricular septal defect If for any reason such as pulmonary infection
or as a ternunal event the pressure in the right 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 nught justifiably
be clasaified as acyanotic With the possible exception of the inter
aurncular septal defect the actuat devel of cyanosis s

i lly and 1its rarely The 1nterauricular
septal defect presents certain other peculiarities for cases with this
lesion rarely if eser develop infective endocarditis but are pecuharly
prone to acquired valvular disease Coarse thnlls and murmurs are
charactersstic of the group with the exception of the auricular septal
defect Symptoms are rare The contrasting marked physical signs and
absence of symptoms usually Jead to the patient seeking advice when
comphcations have developed Alternatively 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 interventricular septal defect 15 associated with other cardiac
anomalies has raised doubt m 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 schoot children will suspect that
1t 15 among the most frequent of all abnormalities The patent ductus

111
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arteriosus not only has a predilection for the female but above all ather
lestons 1t 15 peculiarly susceptible to nfective endocardstis It 15 the
only curable Jesion in the group
Patent Ductus Arteriosus

HistoriCAL Note The ductus arteriosus was known to Galen as a
small vessel untting the aorta and pulmonary artery and he was aware
of its closure after birth Botallus (1564) never described the ductus to
which fuis name has been attached (Ductus Botallo) but actually
described post natal patency of the foramen ovale Carcano (1574)

" WL o
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F1g 40 The circulation in the group with cyanose tardive 1 Maladie
de Roger 2 patent ductus artertosus 3 interauricular 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 anatomtcally
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 nght ventricle and 1» dtviding
nto two branches) It 1s a sort of third trunk added to these two an
artery hike channel 50 to speak leading obliquely from this point to
the great artery and petforating into 1t This chanrel ta the adult
narrows and dwindles Fimally 1t 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 1n breathing
Meckel (1812) was surprised 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-
logscat Soctety of London from a patient of Addison mentiontng that
Wwilkinson king had correctly diagnostrcated patesence of the ductus
arteniosus  Bernutz diagnosed a patent ductus 1 1849 Peacock (1858)
thought that a patent ductus was ly bined with obl on
of the pulmonary artery and was there to assure a pulmonary circu
Jation In other cases where there was no pulmonary stenosis 1t was
attributed to maldevelopment of the zortic arches Turner (1862) con
sidered that a patent ductus was due to an anomaly of the snxlf{l r;r;
arch Langer (1857) appeats to have gnen the first account of the

)
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histological changes in closure of the ductus Gerhardt {3667} imveste
gated the physical signs Walkoff (1869) considered that changes i the
postiion of the ductus whereby st became kinhed at the pulmonary
end at the onset of pulmonary resprration was an added factor
closure Baraard (1939) descnibed pathological changes in the ductus
wall during the course of myolgtion The functions of the ductus have
been further elucidated by Barclay and ks colfeagues (1944) The first
description of the path hinery bruu ts that of Gibson
{1898) Operation and hinature was proposed by Munro (1907) and first
successfully effected by Gross (1939}

AnaToMy T foetal hife the ductus wrteniosus 1s a short vessel about
Lem long and of 5 mm or more 1 dameter It imtervenes betneen
the 2or1a and palmonary artery jouuag the formef at a pomt just
distal to the ongin of the feft subclavian astery It 1s often a larger
¢hannel than 55 generally realzed being equal m calibre to the arch of
the orta or even the pulmonary artery (Haney 1628 Noback and
Rehman 1941) Gerhardt (1867) clasaified the ductus nto severat
analomical types He described the cylindrieal the funne! shaped with
Apex towards the pulmonary artery the wandow type cousisung of a
Girect opening between aorta and pulmonary artery and an aneurysmal
fype 1t 15 so far impossible to sdentify these types dunng Iife or from
chnical signs but perhaps anprocardiography may be useful at some
future date The practical pomt 1s that the wandow type is not so readily
#xenable 10 surgery as are the other types heys and Shapiro (1943)
found ten such examples sn sixty cases Crafoord (1944} has success
fully operated upon this type of case The ductus whateser sis anatom
“:a‘ ‘Yli;e Ty be brittle and friable because of degeperative changes
ats walls

The ductus artentosus may rematn as a sole abnormahty ot it may
peruist as 3. ph of ot P of other 1

An aortic septal defect 1s to be dsstinguished by 1ts posttion relative
%0 the left subclavian artery It may gne nse to chmcal signs dentical
with the patent ductus

Rote oF THE DULCTUS ARTERIOSUS IN FOETAL LiFe In embryomic life
the pressure n the s1ght side of the heart exce ds that m the left In the
foetus oxygenated blood from the placeata together with vanous blaod
from the supersor and infenor vena cava¢ enters the nght auncle This
wised blood is then diverted partiaily through the foramen ovale to
feach the left aunicle and ventticle and thence the aorta and the vessels
of the head and neck The remander of the blood euterng the nght
auncle passes to the nght ventscle and traversing the pulmonary
artery and patent ductus reaches the de ding aorta and
thence the trunk and fower hmbs For alf practical purpases only a
very small volurae of bload passes through the lungs m mtrautenne
fife After birth with functonal employment of the Jungs pressure i
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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 brithant work of Barclay Frankln and Pritchard {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
minute (Barclay ef a/ 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 1n 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 vattous theories of closure and
generally speaking 1t seems that this is effected by the combined 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 i
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 c¢hild Barnard finds
the wmner surface of the ductus Ined by longitudinal 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 stamning pale purple with haematoxylin At
the junctions with the aorta and pulmonaty artery there 1s a cleas
demarcation as thesc latter vessels do not present a corresponding
change Swensson (1939) and Jager and Wollerman (1942} seport
somenhat similar findings The subsequent changes which extend over
months are of replacement fibrosis and the structureless purple

es to resemble atypical cartilage and collagen
pregnation with

staimpg motenal comy
fibres appear Barnard finds occasional patchy im it
calcium salts [n the roajonity of cases a potental fumen rc;}rcsen e
by a narrow cleft was observed by Barnard even at the age © mbo ,
In some cases closure of the ductus is accompagied by thrombos:
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of ts lmen or with a clo nt exther end of the vessel Pastions of such
a2 clot may break off and gove tise to embolism sn cither the pulmonarny
of systemic cireulations A elok at the aoruc ortfice of the ductus may
enter the -0t subclavian or left common carotd artenes but more
commonly 1t reaches a \essel m the leg A small ¢rabolus in a perpheral
vessel can cause extenshve damage because of the secondary thrombosis
which occurs above and below the sue of lodgement Thrombosis in

the ductus has been described several times since st was first reported

by Rauchfuss {1859) Gross (1945) mentions tao cases i which there
was embol of and L. in the 1 zorta Honearly
always occurs wn the neonatat penod at 2 ume when closure of the
duttus normally takes place It has been dewenibed by Jager (1930) ot

55 years and by Altschule (1937) 1 a patient of 57 The actusl clinseal
condition of & thrombosed duclus may be unsuspected because the
physical signs of a patent ductus are lacking in the thrombosed vessel

When the lungs become & functioning mechanssm at birth there s

a general Tall in pressure tn the crculatory systems due (o the opening
up of the vast capiliary bed of the lungs and the removal of the placental
1t has been d that the p m the right and

left sides become more or less equal and under such crrcumstances sio
shunt would take place and consequently an obliterative process moutd
be favoured Others have considered the mam factors i closute (o be
mechanical and related to a nise in pressure in the left side of the heart
exceeding that in the night This may be effective w wwo ways aither
dilatation of the foetal aorhic ssthrgdts 10 fesponse to 20Tt pressure

may exert traction on the aorie end of the duckus facthung s
closure ox the aoriic end of the ductus may become functtonally closed
by Strassman s fold a fold of the aortic wall about the mouth of the
ductus present at about the seventh month onwards Increased pres
sure m the aorta woukd cause this fold to he across the mouth of the
ductus £t 15 very dufficult to assess the exact role of any of these factors
and probably all of them may contubute in some measure 1o the final
closure of the ductus

1a the hght of the above it becomes evsdent that any abnotmakty of
the ductus wall or abnormality of pressure relations after urth may
result 1n persistence of the ductus in its foetat form  Atelectasts tausing

2 rased pressure in the pulmonary artery after bieth and pethaps at
the same time inhibiting the normat dislocation of the thorace ofgans
may favour the persistence of the foetal state and may figure i the
tustory of the subject Not infrequently abnormality of the aortse
1sthmus 2 shght degree of coarctation may be found at post mortem
in other cardiac anomalies the ductus may remam patent to assure a
airculation to the lungs as tn the vatvular atresias Again it may rematn
patent m pulmonary stenosis or other abnormahity favouning a tise i
Pressure 1n the night heart Lastly abnormalities 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 same family would lead colour to such a
contention Its occurrence 1n twins has been noted by Smuth (1929)
g:g Lg)sxstera by Jewsbury (1912) and Brown (unpublished) (figs 42

PATHOLOGICAL PHysioLoor 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 cirewt That the shunt 1s from left

F1G 4} Patent ductus arteniosus Female aged 3 Note
the sbight degree of 1sthmus stenosis of the aort2

to right 15 shown by the almost constant dilatation of the pulmonary
astery and left ventricular hypertrophy of some degree When infection
occurs 1t1s the pulmonary artery end of the ductus that 1s first involved
together with the wall of the pulmonary 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 dtastolic 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 its branches dilate and under filling of the
systemic arteries 1s sard to cause the slender gracife bwild and sub-
nutrition that has beeq so frequently described It has been shown that
the volume of the shunt through the ductus may be up to SO per cent

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

spicuous feature although left ats 1s met with 1 2 small proportion
of electrocardiograms  Gilchrist (1945) has contrasted th~ patent
ductus with the pertpheral artenovenous fistula whih inevitably feads
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to cardiac hypertrophy He points out that 1n the patent ductus <op
strictian of the smalter putmonary vessels creates an arez of penpheral
reststance which himuts flow through the ductus In conirast in the
penpheral arteriovenous aneurysm the blood readily escapes wto a
capacious venous system at a fow pressuse The smaller pulmonary
yessels tend thus to protect the left entricle from overstran In this
general connection reference may be made 10 the work of Lewss and
Drory {1923} Keys and Friedell (1933) Holman (1923 1937 1940)
and Eppinger Burwell and Gross (1941)

The wfluence of the volume of the shunt and its effect upon the swe
of the heart are well shown in the case of sdentical twin girls (fig 42)
The chuldren are 10 years of age at the time of the photographs and the
girl with the smalter shunt 15 three inches taller and mare robust than
her twin sister

IncipENCE Patent ductus attertosus as @ sole abnormality is not un
common and many cases have been brought to hight by the routine
schoot medical examinations There 15 a defintte preponderance of
fermale cases In the sixty cases collected by Shapiro and heys (1943)
there were forty siv females and fourteen males Fast (1945) mne
females and four males Hunter (1945) ten females and four males
Benn (1947) reports thirty three females and thicten males The sertes
of Brown and Muts of 156 cases shows 108 females and 48 males There
1s no explanaton of this sex cidence in the female Equally the adult
ease of patent ductus artenosus 15 Tarely seen at examnations or in
the post mortem room It seems possible that the ductus may close
spontaneously 1 the second decade ar else the physical signs when
farlure or other complication occurs may mask the {rue nature of the
case

Cuivcal, PICTURE It has been stated that the subjects of a patent
ductus arteniosus are of the tall slender type pale and presentmg the
stigmata of aortic hypoplasta and arternal depleton There 15 some
evidence that where the shunt 15 very large development may be
retarded and this was welt exemplified in a personal observanion of
wdentical twns (fig 42) who at the age of 10 had classical signs
of a patent ductus One child was severat inches shorter than the other
and its heart was constderably larger indicating a very large shunt
Muir and Brown (1932) found that 20 per cent of children with a
patent ductus were slightly below the average on comparison with the
standard anthropometric tables of their locahity Tius has been con
firrned by Glchrist (1945) who finds under developmene the excephion
rather than the rule Cyanouis 1s absent at rest bot 1t may appear on
exeron of with pulmonasy mfection of as a tetmunal event In wnfants
it 13 ;nduced by suckling or emotional experiences and such cases have
been mentioned by Smth (1929) and Leech (1932) Permanent cyanosis
never oceurs and s presence at ence mvalidates a diagnosts of a
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Fic 43 Patent ductus arteriosus in sisters aged 15 and 13 years
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ductus as a sole abnormal,
y Epileptiform convul:

(lonauy ocour P! nvulsions may excep

Symptoms are occastonally present and are usually those of dvspnoea
on exertion fatigue or palpitation Occasionally dvspnoea may be so
habitual to the patient that he 1s hardly aware of 1t and only on opera
tion realizes how breathless he used to be A strong tunctional element
may pervade these patients as in the case of the 1sofated interyentricular
septal defect The striking physical signs leading 1o early restriction of

lu'w

A |
ST

™~
t
. " i PR . L
F1G6 44 Murmur of patent ductus arteriosus
A P! with at site of maxmal
murmur B apex cardiograph | Fiest heart sound 2 second heart sound
Typical machinery murmur maximal in the sceond space at the left sternal
edge h

1ncrease of
ntensity of the murmur during systole and the decrease at the time of the
second heart soun:
(The atrow marking the second heart sound on the apex cardiograph 15
interpolated from reference to another stethoscopic tracing in which there
was fess low frequency cut and which showed the sccond sound well
Time ntervals 02 secs ) (Dr M Matthew s casc)

activity and possible exclusion from school almost inevitably contribute
to the subsequent development of a neurosis The physieal signs may
vary according to the length of the ductus its calibre and the shape of
its onfice A small onfice and ductus 1s Iikely to give nse to more
striking auscultatory signs and conversely a farge ductus with con
comitant large shunt furnishes a more stniking X ray picture The
generally accepted pathognomontc murmur of the patent ductus was
deseribed by Gibson (1898 1900) and agam 1n 1906 1n these words
1t begins after the commencement of the first sound It1s continued

during the latter part of that sound and the whole of the short pause
1t persists through the second sound and dies away gradualfly durning
the Jong pause The murmur 15 rough and thrilling It begins softly and
ncreases 1n 1ntensity S0 as to reach 1ts acme Just about or 1mmediately
after the mcidence of the second sound and from that point gradually
wanes till sts termunation The second sound can be heard to be loud
This has been confirmed by phonocardiagraphic

nd clanging
:lethods l%y Routier (1937) and others (fig 44) The murmur 1s com



CYANOSE TARDIVE PATENT DUCTUS ARTERIOSUS 12t
monly d da hinery or murmut The murmur 15
best heard 1n the second left space close to the sternum but 1n a pro
portion of cases just below the sternal end of the left clavicle Some
times as the pulmonary artery enfarges more and more to the left the
murmur can be heard at a distance from the sternunt n the second teft
space The pownt to be made 15 that a machmery brun 3s a sharply
tocalized brutt but the systohic accentuation may be heard over a much
wider ares even over the thud and fourth thoracic spines postexsotly
Gitehrist {1945) states that the charactenistic machinery murmur may
be heard 1n the second and third left spaces a fult hand s breadth from
the sternum in cases where lhcre IS gres! duamuon of the pulmonary
artery due to infective end hinery murmur
1s very difficult to hear and must be very car:fully sought with the
patient recumbent and at the end of expiration The murmur may vary
a great deal with the age of the pattent In the first two or three years
there may be a systolxc brut only loudest over the upper sntercostal

spaces and d along the left if Usaally by the age of
four or five the murmue has become definitely continuous in quamy
It 1s possible to detect i of the pul y artery radiol

before the appearance of the charactenstic brwt Crafoord {1544y
has questtonzd the spectfionty of a machinery brust and mentiens two
cases in which a ductus has been diagnosed on the basss of this type of
murmur but exploration wath 2 view to higature has disclosed a per
sistent truncus arteriosus communis ¥n these cases the maximum
sntensity of the continuous murmur was at the third intercostal space
m one and over the frst miercostal space 1n the other that is to say
at unusual sites

In another case which was explored by Brorck and Crafoord (1947)
there was an arteriovenous aneutysm formed by an anomalous branch
of the left coronary artery entering the puimonary artery

Undoubtedly the patent ductus can be present m the absence of a
machinery murmur and a systohic murmur characterwes the earlier
teported cases for example Gerhardt (1867) Summons (1906)
Carpenter (1903} and later stifl those of Wessler and Bass (i913)
Wesss (1931} and Chapman and Robbins 1944) In some cases o
murmur may be entirely absent and this may be due to either the
presence of congesuve failure bactenal endocarditts with blocking of
the fumen of the ductus or thrombosis 1n the ductus

Lastly a machmery murmur which has been present for years may
regress and disappear This has happened in five cases i a personal
series of Brown and Musr and 1n one of these cases the bruit dis
appeared after seventeen years of obsenvation at the age of 34 This
appatent spontancous closure has been noted by others Gross (1939)
remarked upon its occurrence Shapiro and heys (1943) and Gilchnst
{1945) also mention stmidar 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 smee childhood

The pulmonary second sound 1s accentuated and may be well heard
but st may be lost 1n the intenstty of the machiery murmur unless 1t 15
looked for 1n the third left space A thnll systolic or continuous 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 vahe
and a relatve mutral stenosis It has been attributed to relattve pul
monary mcompetence but 1t 1s only right to say that often a case which
shows the of pul: y dil; shows no duastolic brut
The clinteal point that cannot be too highly emphasized 1s that diag
nosis 15 chiefly made on the basis of the machinery murmur and the
ready recogmition of this 3s essennal if a case is to be treated surgically
Gerhardt s ribbon dullness along the left margin of the sternum was
at one time constdered to be a capital point m chmeal diagnosis As it
15 due to a dilated pulmonary artery and as such dilatation can occur
1n other conditions such as the interatnal septal defect or even 1
pulmonary stenosis I1ts recognition 1s of little but academic importance

Other peripheral signs are of interest Thete may be vigorous pulsa
tion 1 the neck 1f the shunt through the ductus 1s large The pulses may
be unequal the left being larger than the right A difference n amplitude
between the femoral and radsal pulses has been emphasized by Laubry
(1930) and may be conceivably due to slhight coarctation which 1s not
uncommon with a patent ductus This has been confirmed by Abbott
(1927) and may bave etiological sigmficance The pulsus paradoxus
has been described but 15 rarely found The diastohic blood pressure
tends to be low and the systolic pressure about normal for the age of
the patient The pulse pressure 1s therefore often increased The low
diastolic pressure may be correlated with the size of the ductus and
shunt With exercise there 1s a drop 1n 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 inssted
that this fall in diastolic pressure may be an tmportant diagnostic point
and m 2 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 Paralysis of the left vocal cord 15 a rare compls
cation and 1s due to pressure on the left recurrent laryngeal nerve

‘The Infected Ductus
There 15 however a great lability to nfective endocarditis Libman
(1910) considered that a patent dyctus was the most important c]on
genital cardiac defect related to infective endocarditis This pecu 1l;1r
liability has been confirmed by Hamulton and Abbott (1914) and by
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Boldero and Bedford {1934) The common infecting o1ganism s the
ep cus viridans b are found filhng the ductus atself
upon the wall of the pulmonary artery sdjacent t© of opposite its
onfice and on the aorke cusps from whence infectton may spread to
the mutral valve as in Perry s (1933) case Rarely tn cases where the
shunt has been in the reverse direction vegetations may be present on
the aartic wall opposie the ductus (Fouls 1884 Rickards 1889) The
pulmonary valve usually escapes alihough it was shphtly tmolved
the case of Bedford and Boldero Hamiltor and Abbott were the first
1o show that nfective process began by mvaston of the inima at a site
of st and were able to demonstrate that the oldest lesion was at
the pulmonary end of the ductus
The mfected ductus ss an eveeedsngly grave conditton and its recog
miton 1 pased upon the Signs and symptoms of a septicasmia the foeal
cardtac signs of @ patent ductus and the evidence of pulmonary wfarcts
often muliple which are due to embol shed from the vegetations ip
the ductus and pulmonary artery Gifchnst (1945) beheves that there
15 often 4 charactenstic radiofogical picture and senal films exhibst
of the pul; y artery prog cardrag
enfargement occurnng sather rapdly together with patchy con
solidation m the lung fields of vanable extent and n vanable stages of
development or repression A grossty enlarged heart 1o a patent ductus
suggests the posstbility of infection Pyrexia and other systemic dis
turbances are commonly present Confirmation of infection may be
secured by blood culture and the other characteristic features of an
uiceratne endocarditis shght clubbing petechiae and retmal haemor
thages The earlier a cave 1 recognized the better the outlook and the
diagnows of an infected ductus should be at any age an tndueation for
urgent operation  because prog t and p 'y
wfatets werease the surpical hazards and make the operation
technically more difficlt
ELECTROCARDIOGRAM  As mught be expected with a lesion that s
extracardiac  the electrocardiogram 1s normal 1n appearance There
may be a tendency to Jeft as if the shunt 1s at all large and i older
cases there may be a frank left axis A night axs 18 most uncommon
and should lead 10 a revision of the diagnosts although Stewnberg ef al
{1943 found right axis deviation 1 a number of their cases
Rapowocy The radlogeal picture of the patent ductus 15 m
fluenced by the presence or absence of other anomalies of the heart
Even when the patent ductus 35 present as a sole abnormahty 1t by no
means follows that the radiologieal picture 1 charactenistic The
radiograph 1s wftuenced by the age of the patient and by the nature of
the ductus ttself and particularly by the size of the ornifice of the ductus
and the shunt that it permuts The heart 1s only shghtly enlarged and
this may be evadent by an mcreased curvature of the left ventnentar
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arc To find a large heart 15 rare and the posstbility of wifective endo
carditis or the association of other abnormalities 1s suggested by s
presence The nght auncle 15 frequently enlarged Where there 15 2
targe shunt there 1s considerable dilatatton of the pulmonary artery
the drlatation extending to tts branches (fig 45) This pulmonary artery
ddatation may n some cases assume aneurysmal proportiops On
the screen there 1s vigorous pulsation of the aorta and pulmonary
artery the latter showing a hufar dance or Assmann s {1924) sign

FiG 45 Patent ductus arteriosus n 3 gir] aged 3 The
pulmonaty artery s greatly dilated The lesion 1s
without symptoms other than those of a neurosis

The typrcal silhouette shows a normal sized or shghtly enlarped
heart with normal aorta There 1s an increased fullness of the pul
monary arc which 1n well marked cases may be a promment con
vexity on the left cardiac border This promnence has been named
the X ray cap of Zinn (I1898) and was one of the earhest features
recorded 1 the radiography of the heart As imndicated above cases
with marked thrill and murmur and 1 every way chinically typieal do
not always give a charactertstic X ray picture Pulmonary congestion
15 common The value of a dilated pulmonary arc in the presence of
typical signs 15 at once evident for 1t affords conhrmatory evidence
There are other congemtal conditions where notable dilatanon of the
pulmonary ar¢ 1s presnt such as pulmonary stenosts sith a closed
septum and nteraurcular septal defects The recogmiron of these on
chinreal grounds should not cause great difficulty

Other lesser radiological signs have been dc}s}cﬂbcd The left pl;:

artery may appear to be Jarger than the night owng o the
g::"c":::é'n of ;Iyo\\ f\!’om flfe ductus Roesler (1937) mentions a fleck of
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calcium 1y the aorta at the site of b of the ductus Stemb
Grishman and Sussman (1943 with angiocardiography found a
constant dilatation of the descending aorta just distal o the sthmus
and best seen tn the left anterior oblique positton They confirm the
pressnce of varying degrees of lkeft ventricular dilatation  Donovan
Neuvhauser and Sosman {1943} and Eppinger Burwell and Gross (1941)
mentan difatation of the left auricle but this s not always confirmed

y aphy it undoud does oecur  Chavez
Dorbecker and Cebis (1947) by thesr method of direct intracardiac
anpiocardiography have shown by several films at mtenals of two
seconds back flow filling of the pulmonaty artery at the ime that the
aorta fills a circumstance only possible if there 1s a fistula between the
two vessels This may welf be a decisne pomnt 1o a doubtfut case

Course anp Procuosis Alt will ageee that from the pomnt of view
of chaldhood the prognosis 1s good and the condition appears to be
perfectly cormpatible with a nosmal schoot hfe the amount of exercise
permtted betng often the same as 1n normal chiidren unless there are
evident signs of distress Serous heart disabilty may appear 1 the
third decade (Bulleck Jones znd Doley 1940) In Abbott s {1937}
senes one fifth of the patients died 1n the neonatal penod and the
average age at death of the remamnder was 24 years These figures are
perhaps unnecessanty gloomy and masnly refer to cases with symptoms
or wfection that have died 1 hospial Bullock Jones and Dolley
collected thirty cases who were more than three years old and therefore
of 1nterest to the surgeon They 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 esther snfection or farlure Shapiro and Keys (1943) found
the average age at death to be 30 m the male and 35 in the female

49 per cent dying of bactenal endocardits and 30 per cent of con
pesuve farlure On the other hand Wilson and Lubschez (1942)
ebserved thisty two cases for & penod of twenty years and saw no
deaths from wfection or falure

If alt these statistics are taken wnto consideration the general con
clusion tn our present staie of knowledge must be that the prognosis

35 rather poor and that survival to muddie Iife 15 accompanted by
considerable cardiac incapacity

None the less 1t 1s doubtful if the tast word has been sud 1 the
matter of prognosts Our ideas are matnly based on post motter cases
and take lutle account in general of the hving case As mentioned
above the aduit case of patent ductus 1s a rare vistor to the clinte and
the condiion appears to be equally rare 1o the routine post mortent
examination It therefore seems that «f post mortem room techmgue
1s tmpeccable there must be spontaneous closure of the ductus more
often than s generally reahized ot cases are massed when fariure super
venes and the characteristic physwal signs disappear
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Surgical Treatment of the Patent Ductus Arteriosus

Holman (1940) showed that 1n a peripheral arteriovenous fistula
surgtcal correction of the leak resulted 1n a nse 1 diastolic pressure
and a decrease 1 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
prevent the occurrence of congestive fatlure at an early age Smularly
the r1sks of infective endocarditis might be mininuzed 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 faled 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 infected cases the operation was successful 1n 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
canalization 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 tecth and tonsils Dental
extractions 1n the presence of infected gums and tonsillectomy should
be preceded and followed by full doses of peniciffin

Errors m dagnosts will be less frequent if only those cases
typical machinery murmur are sut d to The
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 2 chance of cure with the prevention of infective endocarditis
The chances of recutrence ate remote if the operation has been suffict
ently radical and recanalization of the ductus rarely occurs tn those
cases where there has been a sumple ligature Apart from this from a
social point of view the case of patent ductus 1s Irable to resectron from
a public service such as the pol(;ceS orE ;r“nr:r;l{g;c:s and cannot pass

ance or su;

ex%’fmmonss‘}.lcgullgel:: o pl Jpbetwecn the ages of five and ten

with a
£
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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
m which organisms and flounsh The 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 1s
attributed to Galen who was aware that the foramen ovale possessed
a valve and closed at birth and that m 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 anv 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) p 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 o 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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(1933) Rosler {1934) Tiussig (1938} and Bedford Papp and Parkinson
{1941} all of whom hamve made outstanding contributions to a chinical
prcture that has now become established

Fic 46 Auncalar septal defect Antersor surface of 1

incladmg the myht apex s formed by the right cgzn’:l::;:

Pulmonary adery greatly enlarged (Bedford Papp  and
Parkmsony

EsmarvoioGy The stages wa the development of the auricular septum
may be briefly recaptulated as they are smportant in relation to the
genesis of the vartous defects enumerated below (g 46) The first
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mdication of septation 1s the appearance of the septum pomum 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
auncufoventricular ontce and 1nterventricular septum and beneath
the free margin of the septum primum  The ostium. prmum 1s gradually
obhterated while cotncidently 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
abnormalties 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 perswstent 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
right cavitics and a dilated pulmonary arfery together with a hypo
plisic aorta and left ventricle (grosse pulmonarre petite aorte) Such
a defect 15 considered to be latent and only important when complicated
by other lestons such as mitral stenosis or hypertension which by
caustag altered pressure relatonships produce secondary changes
leading to falure (I 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 defect

There are objecttons to the French view for i the auricufar septal
the aorta to be of narmal size with a large

aptopsy mav show
‘;fx’;en?onql:‘yugr{ery having hypoplasic walls (Brenner 1935) In those
cases where there 15 hypoplasia of the aorta the small calibte of the
aorta may be ascribed to a dmmshed blood volume reachng the left
ventricle as has been described 1n mutral stenosis developing in early

e { the foramen
meTioy OF THE FORAMEN OVALE The function of ra
0\);]]; has been illumunated by the researches of Barclay and his coL
taborators (1944) who used mjection of radio apaque substances an:
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anematographtc methods They have shown without a doubt that
the foetus four fifths of the nfertor caval blood stream 1s diverted
through the foramen ovale the stream bifurcating upon the ltmbus of
the fossa ovalts or as they have named 1t the crista drvidens whence
1t passes 1nto the systemic cucutation of the foetus Only the superior
caval stream 15 directed tnto the pulmonary cecut For tn foetal hife
the puimonary cirealation obviously does not requure that amount of
blood necessary for sts respratory function in post natal ife

It shoudd not be assumed that closure of the foramen ovale 1s a sudden
mechanical event occurring at bith with a starthng change in the
dynamics of the heart Scammon and Norris (1925) have shown from
ausopsy records that but 1 per cent are completely closed 1 the first
week 53 per cent are closed at the end of a year At twenty years or
over 28 per cent stll remasn patent For this reason sht ke patency
should be dered as a normat ! varsant rather than as
being of any direct chnical fi The possible ¢t 1
of stit patency are discussed below

TyPEs OF DEFECT OF THE AURICULAR SEPTUM

There are several types of tar septal defects d 3
upon thesr position and embryological ongtn The more smportant
types are

(1) Absent or Rudunentars Sepnim (cor troculare brventriculare)
This anomnaly Tesults from an arrest in the early stages of the develop-
ment of the septum (see page 227}

(2) Persistent Osmu Prasmon This anomaly ts due to faslure of wmon
between the septum primum and the fused endocardiat cushions of the
atrial canal As a vesult there 15 a large gap at the base of the inter
auricular septum (fig 47) and it will be appreciated that an extreme
degree of persistence of the ostem primum merges mto the cor tn
forulare biv Almost ably d 15 a cleft antesior
cusp of the mitral valve The anterior cusp of the mutral valve 1s
duaded mto two halves each half runs wpwards from us papiliary
rwuscle ard converges on the fower margin of the defect at which site
the antenor half averlaps the postertor A similar anomaly may some
times mvolve the tncuspid vatve as m Bedford Papp and Parkinson s
case {1941} Additionally the foramen ovale may be open or closed and
may be recogntzed above the defect at the base of the septum Of added
sntesest 1s the frequency nated by Abbott {1927) with which a persistent
ostium primum 1s with lism O heast block
may be associated as m the case of Wallgren and Winblad (1937)

{3) Persistent Ostiunt Secundwm The defect 15 the result of fulure of
development of the septum secundum 5o that a gap exists 1 the upper
and pos&:r‘mr part of the septum above the fossa ovahs The anomaly

1 freq d veith d of the pul Y vewns and
K
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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 1nfertor 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
pensistence of the ostium secundum because of the extra amount of

FiG 47 Persistent foramen primum The mitral and

tricuspld valyes are unuted at the upper margin of the

intecventricular  septum  (Specimen 1 the RCS
Museum)

blood recerved by the right aurnicle This hypothesis does not recene
entire confirmation for 1 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 failure 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
distention of a functionallv patent foramen ovale without congenital
1 defect

Se‘aﬁ Patent Foramen Orvale Valvular or shit like patency of the foramen
ovale 1s 2 common finding 1n the post mortem reom and 1s without
cltmcal significance It occurs in at least 20-30 per cent of cases and
1t should be recognized as an anatomucal variant of interest to the
clinically ummportant Inspection of the anatomical

ual orifice does not gape but

anatomist but
spectmen shows that the onfice or poten
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15 hept closed by the overlap of the valvuly forimumis ovalts and the
annulus ovals 1 the left and nght avrcles respecttvely Such siit ike
patency 1s quite without signs or symptoms and 15 1 general without
significance There 15 however evidence to show that in the event of
an 1nerease 1n pressure 1n the nght auncle occasioned by a pulmonary
embolus hypertensive heart {ailuse or mutral stenosis the potential
patency may become opened up and actual so that cyanosis may
develop or a paradoucal embolus be allowed to pass (fig 48) This

Fis 48 Patent foramen ovale Female aged 20

latter 1s a very rare event but one which may be reasonably inferred or
suspected frombmetotime Sht hike patency should not beconfused with
failure of development of the septum secundum which 1s characterized
by absence of the annulus and the valve membrane The foramen ovale
may also remain patent owing to condstions {favounng a rise in pressure
1 the night auvticle after buth as m pulmonary stenosis Similarly
tricuspid atresia entrams a patent foramen ovale of considerable
fa 150 be A few cases have been

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

Although 1t 1s obvious that there 1s usually an embryological expla
nation of most auncular septal defects it 1s to be regretted that many
post mortem reports are confusing and mexplicit as to the spectfic
anatorcal lesion to which they refer A defect of 1 cm diametet 35
vsually considered to be significant and the starting point of pathology

It must be emphastzed that although the site of the defect may
occasionally determine certain pecuhianties n the chmeal pictute the
symptoms and physical signs depend as a whole upon the size of the
defect and not upon 1ts site

INCIDENCE  An auncular septal defect 15 the commonest of all
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congenital heart abnormalities As a combined lesion its tncrdence mav
be as high as 85 per cent of all cases of congenital heart disease It 1s
smpossible to enumerate all the defects with whick 1t may be assoctated
but 1 many abnormalitis the defect serves an integral part 1 marn
taining a arculation as in the valvular atresias 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 extending to its smaller branches (fig 51) Atheroma of
varying degree may be present and hikewise recent or old thrombosts
Assoctated wath these changes there may be pulmonary infarction There
may also be evidence of paradoxial embolism with a ribbon hike clot
extending through the defect This 15 a very rare occurrence The
visceral changes are those of chronic congestion with an enlarged hiver
Ascites and penipheral oedema may be preseat pleural cﬂ”usmn_;s rare
and 1s most hikely sn the case complicated by mutral stenosis The co'

¢ mitral stenosts does not greatly alter the above generai

e he heart tends fo be even farger and the dis
appearanss ;e:‘z:\i::mn;h: and left chambers more exaggerated The
{fgiﬁxs: 15 small the septal defect tending to prevent its dilatation
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SECONDARY PATHOLOGICAL EreECTs The constancy of right sided
dilatation and hypertrophy 1s impressive and 1s in 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 right
through the defect increasmg the load on the night 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 Jeft auncle
15 of particular interest for contrary to pathological experience of
mutral stenosts with an intact septum where the left auncle 1s hyper
trophied and dilated 1t remains small and relatively undilated 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 increased load or work
done by that chamber Equally 1t has been assumed that pressure
differences between the left and right auricles are the cause of a shunt
from left to nght yet anatomrcally 10 these cases there 1s no hyper
trophy of the left aurtcular wall This suggests that one effect of a
septal defect of significance 1s to equalize pressure 1n the two auncles
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 1s
commonly supposed but nearly horizontal the left auricle being on a
shightly higher plane than the right with the septum formung 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 in 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 wterauricular septal defect 1s to equalize
intra guricular pressures Subsequently gravity alone will lead to a
gradual enlargement of the night side of the heart This process may be
hastened by the mtervention of mitral stenosss 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 mutral stenosts occurs This theory has not
recenved confirmation 1n experiments with a catheter mn the night heart
carried out with the subject 1nverted by Brannon Weens and Warren
(1945) These authors found the night ventricular pressure m 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 ewistence of a shunt

ASSOCIATION OF ACQUIRED VALVULAR Lesions The auricular septal
defect 15 by far the commonest form of congemital heart disease with
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which acquired valvular disease of the rheumatic type ma

ated Roester (1934) found that three quarters of hts);:‘::lleue)dl:.isisssg:‘d
evidence of rheumatic valvular disease The mriral valve 15 most
commonly mvolved alone although comncident changes have been
reported 1n the aortic ar tricuspid valves

Mutral Stenosts (Lutembacher’s Disease)

Mitral stenosis 1s the commonest valvular feston associated with an
auricular septal defect The first observation has been credited to Lows
(1826) but a case was described by Corvisart (1814) Other early
examples are those of Mayne (1884) and Peacock (1860) 1t was present
m eleven of the twenty cases of Rokitansky (1875) Gnffiths (1906}
case was exceptional because of the presence of infective endocarditss
Abbatt (1915) and Lutembacher (1916) stressed the frequent cownet
dence so that 1t became known as Lutembacher s Disease McGian
and White (1933) collected twenty three cases from the hterature and
added one potnting out the overwhelming preponderance of females
Lutembacher (1936) revived mterest 1n the condition and cases were
published by Cossio and Berconsky (1936) Cossio and Arana (1937}
Battro and de la Serna (1937) Taussig er af (1938) to cite a few
examples Recently Bedford Papp and Parkimson (1941) reported four
autopsied and four clinical cases 1n a group of fifty three patients with
an aurtcular septal defect Burrett and White (1945) who have reviewed
the thirty one autopsied cases since Roesler s senies have come (o the
conclu 1on that when Raoesler s and thete own series are combined no
less than 53 8 per ceat of cases of auricular septal defect have mitral
stenosts at autopsy For this reason a coexisting mitral stenosts should
be suspeuted 1n every case of the auricular septal defect despite the
absence of any defimte chinical indication of its presence This is well
shown by the experience of Bedford Papp and Parkinson who found
mmatral stenosts in four of ten autopstes and chnscally in only tour of
their rematmung forty three cases

Optnian vartes as to the onigin of the nutral stenosts Some have
favoured a congenital ongin postulaling a foetat endocarditis of the
mutral valve Yet others notably wn France have thought the matrat
stenosis 1o be part of 3 more complex congenstal abnormahity mvolsing
the feft side of the heart so that the aorta 1s small and the pulmonary
artery large Natrowing of the mutral valve from any cause would tend
to prevent closure of the foramen ovale The documented cases of
conrenttal mutral stenosis are conspicuous by having their foramen
ovale closed or very small All the available evidence pomnts lo an

acquired vatvular leston But 1f acquired vabsular dlscase;s cox;:mn:y

as we think 1 15 there 18 yet no positve evidence to con :;lm that 4 :
ience sy e s B thr 1 Sone e e
population at large None the fess sts tncudence P
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restricted field of congemtal heart disease 15 very much higher than
Gelfman and Levine s (1942) estimated mncidence of acquired rheu
matic valvular disease 1n 13 per cent of congemital heart cases as a
whole This requires some explanation and a very accurate delineation
of the type of associated auncular septal defect A chnical history of
rheumatic fever or chorea 1s rate in the aurcular septal defect An
absence of rheumatic antecedents should not necessanly be disconcert
ng 1n view of the large number of cases of mutral stenosts ordinanly
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 for the mitral stenosts little would be heard of
the auricular septal defect The extraordinary comncidence of mutral
valvufar disease with this defect as shown by post mortem sactdence
forces the view that mutral stenosts 1s most often the primary event
which renders a potentially patent foramen ovale into a defect of
sigmificance

Aortic valvular disease was present 1n the cases of Jacobius and
Moore (1938) and Taussig Harvey and Follis (1938) Pericarditis was
mentioned by Rokitansky (1875) Battro and de la Serna (1937) Cossio
and Arana (1937) Bedford Papp and Parkinson (1941) and others

Bacterial endocarditis 1s almost unknown despite the presence of
acquired valvular disease or other congenital defects Four cases are
known to have had associated bactenal endocarditis and are those of
Gnffith (1906) Goetsch (1938) Jacobius 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 bacterial endocarditis In a sertes
of 453 d cases of 1 heart disease collected by Gelfman
and Levine (1942) 6 5 per cent had infective endocarditis There were
179 cases with a significant auricular septal defect as a primary or
complicating abnormality and all were exempt from nfection It 1s
interesting to note the type of defect in this series A persistent ostium
secundum m 140 cases persistent ostum primum twenty multiple
defects nine and absent auricular septum in ten In 181 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 bacterial endocarditis It 1s obvious that
sites of stress and stramn or of vigorous shunts have no counterpart
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 equalizing effect
of deflection of the blood through a wide septal defect

CLINICAL PICTURE Abbott (1934) has stated that the chinical picture
1s domunated by the presence of hypoplasia of the aorta Depletion of
the systemic circulation by the combined effects of 3 persistent shunt
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from left to nght and underfilling of the left side of the heart leads to
pallor of the skin a rather slender build and delayed signs of puberty
Dwarfism and infantilism have been reported 1n this condition The
of ! with a ostiem primum has been
mentioned elsewhere It appears as more cases are reported that these
possible physiological effects and associated abnormahties have been
over emphasized
The abnormality may be entirely 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 to the patient that 1t 1s not complained of It 15 often only
slight and despite an enlarged heart there may be a reasonable capacity
for exertton Cyanosis 1s inconstant and may appear first with exertion
or i 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 night to lfeft through the defect
Cyanosis may also appear during intercurrent infections such as

pneumonia of be assoclated with haemoptysis when thrombosis
occurs 1n pull '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 duration of cyanosts Haemoptysis 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 cardiac signs a precordial bulge may be
present but 1s only a sign of cardiac enlatgement occurring at an early
age The apex beat 1s forcible and displaced to the left and m the
absence of aortic incompetence or hypertension 1s an !mportant sign
(Rosler 1934) There are no characteristic murnurs and a murmur
may be entirely absent Commonly there is a systolic murmur at the
apex or 1n the pulmonary area The murmur 1s not produced in the
defect 1tself and according to Cossto ef al (1938) 1s probably praduced
at the less distensible pulmonary ring which intervenes between a
dilated pulmonary artery and conus The pulmonary second sound 1s
emphatic and there 1s often a palpable diastolic shock tn the pulmonary
area A systolic thnll may be palpable at the same time Ribbon dull
ness stmular to Gerhardt s dullness 1n the patent ductus may also be
present The of carduac to the anterior or
mid axillary lines with signs of pulmonary artery dilatation l;l‘c?j/
supgestive [n other cases a systoltc brmt may be due to a lal;
tncuspid onifice The charactertstic bruit of mitral stenosss may 7

ent at times but In most cases it 15 wsually not heard and mitral
f::;o‘;ls thus remains silent owing to the low intra aunicular 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 spawe at the left sterna) edge B apex cardiagram | First sound

SM svstolic murmur 22 spht second heart sound gap 005 sec Time
intervals 07 sec (Dr M Matthew s case)

tence and no case of fibrillation has so far been reported m the pure
auicular septal defect unless there has been hypertension or other added
pathology Flutter 15 rare but cases have been reported by Amberg
and Willus (1926) and by Bedford er af (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 expefience 1f a murmur 1s present 1t 15 1 1o way
charactenistic and may be quite 1ndistingurshable from the systolic
murmur of other types of acyanotic congenital heart disease Indeed
its audibility n the area of auscultatory romance may well lead to 1ts
dismussal as of no account Not infrequently the pulmonary second
sound 15 abnormally loud and reduphcated (fig 49) and this may lead
to further and the radiological display of a p
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pulmonary conus and a large nght branch
diagnosts 1s elustve 1n childhood aid 1t may be?;;rsp gxc]};r:ﬂ‘lg?ct rtsh:
charactenistic climical preture Aurtenlar flutter paroxysmal tachycardta
acrocyanosis 1n the very young and tadure of normal development are
possible findings which may rase suspicion of the defect

RabioLocy The principal radiological stgn 1s enlargement of the
pulmonary artery and 1ts branches (Assmann 1928) In the antertor
view the heart 15 atways enlarged to the left and often to the right

Fig 50 Defect of aurtcular septum in woman aged 35

Radrograph showing much enlarged heart and aneu

1ysmal pulmonary artery s right branch formed a
pulsatng mass in right lung root

Battro and De 1a Serna (1937) and Cossio and Arana (1937) considered
enlargement to the right to be an tmportant radiological sign Bedford

Papp and Parkinson (1941) suggest that the right aurscle tends to bulge
forward and to the left displacing the enlarged night ventricle The
enlarged right ventricle forms the rounded left border of the heart A
promiment bulge of the pulmonaty arc 1s the most strikng finding and
may assume aneurysmal proportions (fig 50} Thts is largely due to
dilatation of the trunk of the pulmonary artery although the left branch
may also be a p of and h the arc The f ¥
branches are always enlarged and the right branch which ts not covered
by any part of the cardtac sthouette 1s dense and comma shaped On the
screen  pufsation of the pulmonary artecy and its branches 1s often
the 50 called hlar dance (Pezzy 1925 1932) Absence of
he presence of pulmonary artery thrombosis Such

scribed as being due to pulmonary mcompetence

b 1s small or absent 1n most

t there 1s lrkely to be nght

promment,
pulsation suggests !
pulsation has been de
but that 15 not abways so The aertic kno
cases and when mutral stenosts 1» presei
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autwcular didatation In the obltque view the left auricle ts not enlarged

In a few cases (Roesler 1934 Tauswg ef ol 193§ and Joly 1939)
the heart 15 pysiform 1n shape and suggests a pencardial effuswon
(Bedford er of 1931) Angocardiography ts of hittle value 1n the
uncompheated defect

FLECTROCARDIOGRAM  Right axis devtation esther of itself 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 nfid P wase

Fro 5% Same case pulmonary aitery and rmn branches difated
nght ventricle much enfarged ‘and aorta hypoplasue

may be present 1n the absence of mutral stenosts The PR tnterval may
be increased (Bedford ef @f 1941) and there 1s evidence to show that
1 some cases the PR interval undergoes progressive merease with age
All degrees of widening or splintering of the QRS complex are common
ranging from simple prolonged intraventneular conduction down o
night bundle branch block of the commoner or newer types (fig 52)
ncomplete bundle branch block ts commoner than the complete form
A wrdened QRS suggesting right bundle branch block has been described
by Bedford and Brown (1937} Routier and de Balsac (1938) and was
thought to be of diagnostic mmportance by Routter Brumbk and
Mahinsky {1940) These latter suggest that this change 15 net a con
gentat abnormality per se but is mduced by the progressive myocardsal
changes accompanying the gradual hypertrophy of the heart duzning the
course of the disease The T wave mlead 2 or 3 ot both 13 frequently
inverted when a widened QRS 35 present but T wave mversion may
be present with normal ventricular complexes T wave inversion 1s swd
to be an expression of night ventricular stramn {Barnes and Whitten
1929 Brumlk 1937} Complete heart block has been occasionally
recorded 1n perstent ostium primum (Waligren snd Winblad 1937)
Anncular fibrdlaton occurs with some frequency  and the
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interauricular septal defect 1s the only congenital leston where 1t 15 hkely
tooccur Itisthought to result either from the assoctated rheumatic mitral
stenosts or from increasing age of the patient rather than from the
actual congenital lesion itself In all the reported cases 1t has been
assoclated with mutral stenosts 1n the younger age groups and there 1s
no record of fibrillation 1n the pure uncomplicated defect below the

age of 50
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Fi6 52 Electrocardiograms from s1% cases of auncular septal defect [t will be seen
that conduction defects are frequent and that various types of typical and atypial
bundle branch block may be present In case F  there was auncular fibrillation

Diagnosts The diagnosts of an teraurtcular septal defect 15 manly

diol 1 The gross dtl; of the pul y artery and 1ts night
branch together with enfargement of the heart 1s charactenstic From
a purely chnical pornt of view enlargement of the heart i the absence
of aortic ncompetence or hypertension 1s very suggestive In addition
there are the signs of dilatation of the pulmonary artery visible and
palpable pulsation n the left inter spaces 3 diastolic shock and per
haps a systolie thnll A pulmenary drastolic murmur may be present
Cyanosis IS absent unless fatlure ts present ot immunent and although
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dyspnoea is present 1t seems much less than would be anticipated from
the clinical and radiological signs The electrocardiogram shows a
night axts possibly with negative T waves i leads 2 and 3

Diff 1d 1s from those Ior d
1n which the pulmonary artery s enlarged It must never be forgotten
that an aunicular septal defect 15 often combined with other congenital
lestons

Mutral stenosis may cause difficelty 1f the pulmonary artery 1s
enlarged or if there 1s relative pulmonary incompetence However
enlargement of the left aunicle and displacement of the barium filled
oesophagus will exclude an aunicular 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 pulmonary congestion
conspicuously absent 1n the aurtcular septal defect Finally the charac
tenistic late diastolic murmur of mitral stenosts 1s present As mentioned
above 1t 1s wise 1o suspect mutral stenosis in every case of interauricular
septal defect The presence of auncular fibrillatton m a case which
presents all the signs of the septal defect both clinical and radiological
and below the age of 50 1s almost certain to have mutral stenosts present

A patent ductus arteriosus rarely causes difficulty The heart 1s not
greatly enlarged a machiery bruit 1s charactenistic 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 pul ry area The pul Yy b hes 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 axts i
most cases

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

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

Primary dilatation of the pulmonary artery due to unequal division
of the commen trunk may present the greatest difficulty of all as the
climical and X ray picture may be 1dentical with the true auricular
septal defect Exact recogmtion may depend upon post mortem exam
tnation Primaty dilatation 15 extremely rare and probability 1n 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 catheterrzation that in the aurnular septal defect the oxygen con
tent of blood in the nght aurscle 1s appreciably higher than m blood
from the supersor or mfertor vena cava This affords a posstble means
of distinction between septal defect and primary dilatation of the pu!
monary artery
COURSE AND PROGNOSIS Symptoms may be slight or absent unti!
adult e and many patients appear to be capabie of normal phystcal
activittes Others are delicate and lead restricted Iyves
Cyanosts and dyspnoea gradually desclop and ultimately the case
presents the general picture of right heart failure Simujar symptoms
may appear suddenly durng some intercurrent disease Death 15 psuatly
the result of cardiac farlure often with auncular fibnllation A few
cases may de of pulmonary tuberculosis but infective endocarditts 15
of extreme ranty and a pathological curtosity Paradoxieal embolism
{Chapter I) 15 a classical mamfestation but occurs rarely as in the cases
of Thomson and Evans (1930) and Barnard (1930)
In Roesler s sertes the average age at death was 36 with an extreme
of 75
‘When mutral stenosts ss present the leston ss well tolerated and some
cases attain a remarkable age Lutembacher s case had seven preg
nanpcies and reached the age of 61 whilst Firket « case etpenenced
eleven pregnancies and attatned the age of 74 The average age at death
m MuGinn and White s serses was 35 years
1t may be remarked here that the longevity of the average case of the
Lutembacher syndrome has led fo a surgical approach in the treatment
of mutral stenasts The subgects of the Lutembacher syadrome are not
prone to the inconveniences and disisters of uncomplicated mutral
stenasis They are exempt from acute pulmonary oedema and hae
moptysts and die of nght heart failure and not of pulmonary con
gestion It appears that a defect of the anncular septum affords
protection from a mountiny, pressure it the left auricle It s therefore
posstble that some cases at least of mitral stenosis might achreve
benefit from the creation of an auricular septal defect of its equivalunt
The effect of a septal defect can be secured with httle difficulty by
apastomosts between a left supertor pulmonary vew and the azygos
semn ustag a Blakemore tube This operation has already been success
fully accomplished
ANEURYS\ OF THE TRUNK AND THE MATNY BRANCHES
OF THE PULMONARY ARTERY
Imonary artery 1S not uncommon m a
varety o cﬂ Jed ta an erfonecus mterpretation of congenital heart
:as f::q‘::;myann (1928) states that one third to one half of congenital
c:l;:!?au cases have enlargement of the pulmonary artery and about
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one fifth of these cases are of patent ductus artenosus Perry (1931)
found promunence of the pulmonary conus tn 26 8 par cent of his
cases of congental heart disease Lancoln and Spidiman (1928) found
smslar proaunence w 21 3 per cent of normal children In passing it
may be d that 1fy of the p y artery may cause
marked prommence of the pulmonary conus as in the case of Schwartz
and Schelling {1931) Roester (1936) found about half the cases of
pulmonary aneurysm to be associated with congental heart or vessel
lestons Boyd and McGavack (1939) 1 an analysss of 111 recorded
cases of pulmonary aneurysm (examples of smple diffuse dilatation
bemng excluded) found accompanying congenstal lestons i 66 per cent
and these lesions were d to be tmp predisp factors
1 the development of an aneurysm in 43 2 per cent In their analysis
1 discussing the vole of other preciptating factors which might
tiate the aneurysmal process they found active syphhs i 31 7 per
cent  artenosclerosts in 23 per cent  and other snfections sn 17 2 per
cent The congental lestons most often present are defects of the inter
auncular septum patent ductus artertosus and pulmonary stenosis
A bicuspid pulmenaty valve has been recorded as associated and it rs
mteresting with 1ts possible impheation of uneguat dvaston of the
truncus Sometimes an tnfective arteritis of the pulmonary artery may
be an mmportant factor Simtlar views are shared by Deterling and
Clagett {1947) The anatomscal features of the pulmonary artery that
atlow wts dilatation are its relatively thun walls m companson with other
artenies of simtlar calibre s deficiency of muscular and elastic tissue
sn the medsal coat especially along the relatmvely unsupported anterior
and lateral walls of the trunk and ¢s tow tonus 1n common with alt
vessels in the pulmonary ewcuit These factors render ats distension 2
comparatively easy matter in the presence of a shunt of the magmtude
that occurs 13 a defect of the intesauncular septum or n a patent
ductus artertosus The interventton of fection renders difatation all
the more ltkely

It 15 ymportant but difficult to determine what 1s an anevrysm as
distinct from mere dilatation of the pulmonary artery Aay stadent of
the laerature soon becomes aware that many of the desensbed aneurysms
have begun as simple fusiform dilatation and then with the develop
ment of artersosclerosis have become aneurysms Boyd and McGavak
would only melude as aneurysms those cases 1 which there 15 post
mortera evidence of more or less ewcumsenibed dilatation of the
pulmonary artery with some degeneration of the vessel wall This by
definitron almost excludes the possibitty of accurate diagnosss durng
Iife 1n a great many cases Anecurysmal ddatation of the pulmonary
artery a term quite y employed would 10 get over
some of the difficulty

As regards the site of the aneurysm it may involve the trunk or one
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or both branches of the pulmonary arter:
ln\cohed to the excluston of the mzm truikThe ranches alone may be
ases associated with 2 pulmonary stenosis are those of Mantovant
(1902) Arnheim (1905) and Botenga (1936) and in these the truok
alone was involved Arnheim s case exhibited valvular stenosis It 1s
::Iar:rcsem a matter of difficulty to idequately explain post stenottc
ation Cases 1n which the ductus was patent and these appear to
be the commonest 1nclude those of Terplan (1934) where there was
coincident wnfection 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
crculation ¢l 1zed by dysp: Y fullness mn the chest
and perhaps haemopytsis There may be prominence of the chest
especially in the repion of the second and thrd 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 l{yw;l
trophy and dilatation of the night side of the heart are present ‘”‘t
corresponding changes 1n the electrocardiogram and a P“’m"“:’n
pulmonary conus i the radiological picture A cough 15 common
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both aneurysm of the trunk or pulmonary branches and ut has been
desighated as brassy by Foster (1920) It is due either to uritation of
the Tecutrent serve to b i or 1o pul y throm
bosts 11 which latter case 1t 1s accompanied by blood stamed sputum
Dyspaoea and cyanoss appear earhest in tongental cases Peripherat
oedema 15 rare When fature does occur 1t is of the nght saded type
with 3 fasge and perhaps pul tover from d
ascites and pentpheral oedema

Sotne of the principal climeal featutes are riustrated by the cases
recorded below In Sondergaard s (1936) case z male of 31 there was
cyanous and clubbing of sixteen years duration together with dyspnoea
on exertion and oceasional haemoptysis The heart was shightly en
larged and there was bulgng of the preacordium A blowing systohie
murmur was present The radiogram showed a small gorta with a
greatly enlarged pulimonary artery the hiar artenes bemg greatly
increased  Autopsy showed a widely patent foramen orale A case
reported by Bedford (1928) a female aged 36 ¢xhibited breathiessness
on exertion and pain of angnal type The heart was enfarged and these
was a thrlt and pulsation of expansile type in the second and shird
spaces A systobd mmurmur was present over the pulmanary area snd
oceasionally a duastolic murmur of pulmonary incompetence was
heard She developed cyanosts and had occaswonal haemoptysis The
symptoms and signs were atinbated to a patent ductus artetiosus and
infectsve arteritis of the pulmonary artery Moench s (1924) case a
female aged 29 showed few symptoms except vertigo and breathlessness
and died suddenly There was a large patent ductus arteniosus admiiting
the index finger a bensprd pulmonary artery and & lnear rupture of
the greatly dilated pulmonary teunk Wilkinson s (1940) case a g of
13 suffered with breathlessness She had a grossly enlarged hean and
an enormous pulmonary artery Duliness extended up to the second
Ieft space w the mudclavicular fine There was a long systolic murrowrr
in the second left space the pulmonary secosnd sound was welt heard
and there was 2 dtastolic murmur She died suddenly from rupture of
the dilated pulmonacy artery which showed = hnear sphit about two
inches in fength one winch above the pulmonary valve The pulmonary
valve was bicuspid and there was a small defect at the base of the
mterventricular septum Joules (1934} reporting 3 case of persistent
ovtiarn secondum 1 a female aged 37 siates that physical signs are
scanty untif pulmonary sncompetence develops Cyanosts ss often late
n appearance and the presence of a hear lesson may not be recogmzed
until late w adult ife Favonte s (1934) case of cor biatratum tn
loculare exiubited a greatly didated puimonary artery which ruptured
and caused death In \Wahl and Gard s (1931) case a fernale of 19 an
aneurysm of the right branch led to a dragnosis of mediastinal tumour

At operation thete was fatal incssion of an aneurysm The foramen
s
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:r‘:glih‘xvl;‘;u{)m\::: anrtisgletas}v;red 22 mm 1n dameter Shght cyanosts
found the n%am :r}; lo?n ef;:Cheﬂ (1906) who analysed forty cases
and occasional b ymptoms to be dyspnoea some degree of cyanosts
aemoptysts There may be substernal pain (cf aneurysm
of the aorta) either over the site of the dilated pulmonary artery or
provoked by exertion and of definite anginal type The physical st ns
were generally bulging and pulsation in 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 a
rather superficial character and occastonally a diastolic murmur was
present A thrill was frequent n the pulmonary area The usual signs
of an aneurysm tended to be absent although there may rarely be
paralysis of the recurrent laryngeal nerve
RapioLoGY The picture 1s essentially stmilar to that of the inter
aurrcular septal defect There 1s a large actively pulsating pulmonary
artery and increased depth and breadth of the hilar shadows especially
on the night where the pul y branch s bscured by the cardiac
shadow There1s 1n addition ndentation of the oesophagus below the
zortic impression 1n the rnight anterior oblique position Perhaps one
of the best examples extant 1s that of Wilkinson (1940) The pulmonary
onigin of ah aneurysm has been demonstrated by angiocardiography
by Robb and Stemnberg (1940) and others
ELECTROCARDIOGRAM An aneurysm of the pulmonary artery like
the sinular condition of the aorta 1s per se unlikely to cause an
alteratron 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
nght and so over d the pul Yy 1} night axis
d 1s usual 1f not bl
DIFFERENTIAL D1aGhosis This may be a matter of considerable
difficulty 1n some cases An aortic aneurysm involving the descending
aorta may usually be 1dentrfied on radrological grounds and by the
absence of enlargement of the pulmonary branches A patent ductus
arteriosus usually presents the classical continuous murmur which 15
charactertstic If however thrombosis occurs 1n the ductus 1t may be
mpossible to differentiate 1t from a pulmonary artery aneurysm Inter
auricular septal defects are generally recognized by the absence of
distinctive murmurs the association of mutral valve lestons and the
absence of a thrll and chest deformity which are frequent 1n aneurysm
Mediastinal tumours may be recogmzed by kymographic methods
Course AND PROGNOSIS Ancurysmal dilatation of the pulmonary
artery may be compatible with life until the third decade when symp-
toms are apt to occur Boyd and McGavack gave the average age at
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death as 32 years Death usually results erther from ruptuze of the
P

i y astery bactenat endocarditis or
mtercursent discase Tuberculoss clams some victims

CoNGENITAL DILATATION OF THE PULMONARY ARTERY
AND 1S BRANCHES

{foPaTiic DILATATION OF THE PULMONARY ARIERY)

As an tsolated abnormality panied by any other \
abrormalty congenital dilatation of the pulmonary artery and ats
branches 35 3 rare condiion Considerable confusion exists n relation
to this anomaly which by defimtion must exclude those cases where
there 15 a patent ductys arterrosus nteraunicular septal defect or

d of or syphilitic disease of the heart blood vessels
or lungs The difficulty anses because these latter conditions like
ssolated dilatation of the pulmonary artery may be acompansed by
sclerotic changes in the pulmonary srtery and by a refatively small or
hygpoplasic dorta

The case of Zuber (1904) from which originated the term congenstal
ddlatation of the pulmonary artery 1s thus excluded because a patent
ductus arteriosus was present  Oppenhermer (1933) reported several
cases with {wo post mortems both of which showed a dilated trunk
and branches of the pulmonary artery together with hypertrophy of
the nght ventricle and a small aorta The most convinting evidence
favour of a congenttal onigia of the condition 33 the presence of a hypo
plasic aorta although it 1s of course possible that cases without aortic
hypoplasta may equally have a congenwal ongin Assmann (1929) was
perhaps the first 10 suggest that unequal doviston of the fruncus arters
osus was the primary event This view has been sspported by the
French cardiwlogists notably Laubry e af {1941) who describe a con
dition of grosse pulmonaire petite aorte  although but one of thewr
reported cases 15 wholly acceptable as being of the type under dis
cussion Simularly one of the cases of hounlsky ez af (1941} might also
e acceptable in this category By far the greater number of cases where
there 15 Sifatation of the pulmonaty artery and a small aorta are
assoctated with an interaurieular septal defect and it seems tnat this
unequal division of the truncus arteniosus may tesult mot only
auncutar septal defects but alse 1n ssolated difatation of the pulmonary
artery

There 15 also a group of cases reported as prmary pulmonaty arteno
sclerosts defined by Brenner (1935) as being sclerosts of the puimonary
artery with night sided fiypertrophy unaccompanmied by any other heart
or pulmonary disease East {1940) and De Navasquez Forbes and

Holltng (1940} also describe cases with dilated pulmonary arteres and
nght sided hypertrophy with pub

Yy artes) 0818
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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 arteriosclerosts may be present 1n the
pulmonary trunk and branches without great dilatation of the arteries
despite the presence of pulmonary hypertension suggesting that 1f
neither artenosclerosis or hypertension canse dilatation then there
might well be some additional congenital structural factor to aceount
for 1t From this one mught well infer that 5 congenrtal unequal
division of the truncus 1s ¢ probable etiologtcal factor

On the assumption of a congenital disproportion 1 size as between
the aorta and pulmonary artery Gold (1946) advances the Ingenious
theory that stress 1n the dilated pulmonary artery 15 greater than 1n a
vessel of normal cahibre Thus when there 1s a column of flurd at
canstant pressure 1n a cylinder the stress at any point on the cylinder
wall 1s directly proportional to the diameter of the cylinder at that pornt
From this 1n a dilated vessel the stress 1s greater than it 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 1n 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 tinally faillure

No mention has been made of Ayerzas disease an 1ill defined
syndrome with cyanosis and pulmonary vascular sclerosts In the welter
of cases reported as Ayerza s disease one finds pulmonary artenio
selerosts considered by some to be secondary to pulmonary or bronchial
disease and by others to be due to syphilitic artenus of the pul. 1y
vessels Undoubtedly the reported cases show a dilated 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 reported
cases may be true examples of congenital ditatation of the pulmonary

artery
CuivicaL PICTURE There are no characterstic symptoms ot physical

sigas ta reveal the presence of this abnormality which s often first

d on radiol 1 Cyanosis 15 usually shight and
may'be noted 1n regard to the lips or finger tps Some brca(hlcssness‘_ on
exertton 1s common The heart 1s enlarged to the nght A very few
cases have presented a basal systolic murmur and thnit In most cJSfS
an accentuated pulmonary second sound has been noted Moderate
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polycythacmia may occus The electrocardiogram shows 2 nght aws
The X ray picture confirms the hypertropby of the nght ventricle and
shows a greatty entarged pulmonary artery 1t <an be sawd that the
general picture 1s that of a subacute cor pulmonale n which the only
constant disconerable abnormalities are dilatation of the pulmonary
artery an accentuated pulmonary second sound and night axis devia
ton 1 the electrocardrogram  Apart from the condittion under dis
cusston pulmanary atterttis and lymphangitic carcinomatosts of the
fungs the fatter secondary to & symptomless carcinoma of the stomach
or breast should be considered m the differential dragnosts Cardiac
cathetertzation may be necessary to make a dragnosts from an auncular
septat defect

Courst anp Procuosts Apart from some dyspnoea on exertion the
conditton teay reman bentgn and latent until the enlarged nght
ventricle begias fo fal Failure once established does not respond well
to treatment Death may ocour at any age but usuaily in the second to
fourth decade

ISOLATED DUATATION OF A BRANCH OF THE PULMONARY
ARTERY

Saulte Bourraw angd Joly (1943) have drawn attenlion to ditatation
of a branch of the pulmonary artery most often the left The aorta 1s
normal in size and cases therefore do not correctly fall into the group
of unequal division of the truncus arteriosus Soulié ef af present six
cases nve involving the Jeft branch One case only had shght cyanosis
and clubbing A systolic nurmur was audible 1 the second left space
and also  the left wrterscapular region Some degree of neht axis was
present w the electrocardrogram The X ray pictuse showed enlarge
ment of the left pulmonary branch and no enlargement of the put
mnonary trunk Unfortunately there are no post mortem examinations
In other reported cases the neht and left branches have been dilated
with the trunk of the arery apparently of normal size These cases
fmay or may not be accompamed by night axis i the electrocardiogram
but the published X ray pictures show enlargement of the heart An
example 15 the case of Lenegre Roudinesca and Marquis (1943) Asa
result of this work a personal search for these cases revealed several
examples but no post mortem matenal 15 forthcoming & may be
semarked that v the isolated patent ductus arteriosus the left pul
monary artery may be larger than the right due 1o the dwectton of the
stream of btood from the ductus fargely into the left pulmonary artery



CHAPTER XI

MALADIE DE ROGER
ISOLATED DEFECTS OF THE VENTRICULAR 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) venified a case at autopsy and named
the syndrome the maladre de Roger

It 15 possibly the commonest of all congenital abnotmalities but the
condition 1s so benign and symptomless that many cases escape obser
vation or are designated by some other diagnosis Perry (193]) review
g the congemtal heart cases of a school cardiac cltnic found that
35 per cent were referable to this category Muir and Brown (1934)
analysing stmilar 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 biatnatum tnloculare is considered
elsewhere (Chapter XV) Rokitansky (1875) divided the septum nto
two parts an anterior and a posterror with the membranous septum
as the boundary between them The antertor part of the anterfor
septum 1s derived from the bulbus cordis The rest of the septum 15
evolved from the septum infertus and the fused cushions of the atrial
canil Defects of the antertor {bulbar) septum ire rare The commen
position of the 1solated septal defect 1s just antertor to the membranous
septum beneath the aortic cusps Defects may be found mn other
regions of the ventricular septum as for example 1n the case of Weiss
(1927) where a large Interventricular communication evisted near the
apex
pnc wterpretation of an 1solated defect as a persistent inter
yentnicular foramen 1s questionable Fraser (1917) has shown that the
interventnicufar foramen becomes the comnecting fink between the
aorta and the outfiow part of the left ventricle The refation of defects
1 this region to the evolution of the bulbus cordis 1s evident from the
frequency with which a septal defect 13 associated with lestons of the
pulmonary tract Laubry and Pezz1 (1923} have pleaded for caution rg
the diagnosis of an 1solated defect m view of this assacration I\c;l
(1909) and Abbott (1927) consider that 1solated defects ot the ventricular
septum  anferior to the membranous septum are due to a pnmzz
arrest of growth of unknown ongin It may be very difficult to separ

152
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some cases from the Etsenmenger compler with shight destroposition
of the aorta a rmamat form of transpositton of the vessels

ANatoMY In appearance the defect ts vanable 10 size admitting only
a probe 1 many cases but occastonally farge enough to admt a hittle
finger {fig 53) Curcular ot oval m shape the margin of the smalt defect
15 generally surrounded with fibrous ussue affarding a marked gonteast
10 the fleshy margin of the larger defect n graver anomahies such as the
tetralogy of Fatlot Defects m the common situation that »s 1 the
postertor part of the antenor septum usually open into the night
ventricle beneath the septal cusp of the tricuspsd valve or occasionatly
1mto the night auncle gbove the hine of attachment of the same cusp
Defects wm the antenor part of the antenor septum open mto the
infundibuium of the night ventricle and are usually associated with

hes of the pul y tract and 4 of the aorta (see
Tetratogy of Failot)

The morphols 1 of v septal defects are of
terest Bulbar septal defects correspond to the anterior communica
tron between the dorsal and ventral ventricles of the turtie s heart
Defects anterior to the membranous septum are the homologue of the
foramen between the aortic ventricles of the turtle {Abbott and
Shanly 1922} Defects of the lower or muscufar part of the septum
are rare and d 1o the between the dorsal
and ventrai ventsicles found normally 1n the heart of the python {Wess
1927 Masen and Hunter 1937)

A defect of the mterventncular septum may be an acquired con
dition It may be the result of perforatton of a gumma of the septum
or be the sequel of an tnfarct of the septum subsequent to coronary
dssease

The presence of a shunt from left to right through the defect 15
shown by the oceurrence of an area of fibyoss on the wall of the nght
ventricle opposste the defect Staularly 1a the event of infectve endo
cardiss smvolving the ortfice of the defect vegetations may be found on
the oppasite wall of the ventricle or on the trscuspid leaflet

‘There 1s some evidence that an mtenventricular septal defect large
and mmportant tn infascy may with growth of the heart become
relatively small and urumportant in companison with the size of the
heart It may unltmately become negligble and farl to give rise to
physieal signs 1415 also posuible 25 Parkes Weber (1918) suzgests that
the fibrous tissue surrounding the defect may contract and obliterate
the onifice Cases have been recorded with dusappearance of both thnll
and murmur by Parkes Weber (1918) Trench (1918) Stamm (1918)
Stilt (1924) Mur and Brown (1937) and Perry (1937) Unfortunately
there 15 Ro post mortam evidence 1 cortoborate these observations
Fibrosis 1 the segion of the defect may smvolve an aortic cusp
ead to ws deformuty and aorie B

and
deb
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1934) (fig 54) In the uns
que case of Allen (1941) the night aorne ¢

g\?mlated through the defect and adhered to the anterior pulnjuongns-i

sp

CLINICAL PICTURE There are no symptoms that can by

e attributed

ta this abnormality Its characteristic feature 1s an absence of symptoms
with marked physical signs The description of Roger (I1879) may well
be quoted In tis conclusions he finds that

There 15 a developmental defect of the heart trom which cyanosis

i {@';j&{ :ﬁ;
S
c{‘.g A Nm%’/‘?\

FiG 53 Fie 54
Fi1G 53 The maladie de Roger m a child who died suddenly
Fi1G_354 Maladie de Roger with involvement of an aortic cusp

tn fibrous tissue onigmnating from the defect and causing
20t meompetence

does not result despite a communication between the two ventricular
cavitres It consssts of an opening 1n the interventricular septum
It 15 revealed only on auscultation by a physical sign with a very
definite character ths 1s a long loud murmur It begins in systole
and 15 prolonged to such an extent as to enurely cover the natural
tic tac of the heart sounds It has its maximum intensity not at the
apex but over the upper third of the praecordial region It 1s chiefly
medial 1 posttion Iike the septum itself and from this central posinon
3t diminsshes In 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 pathognomoniv sign
of an mterventricular septal defect

Little may be added to this orginal description of Roger which 1s
all the more remarkable because his observations were unconfirmed by
post mortem evidence uatil eleven years later The mesocardral murmur
occupying the whole of systole and occasionally profonged mto diastole
15 of maxsmum intensity n the third and fourth left spaces close to the



MALADIE DE ROGER 155

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 fo
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
frequently described as charactertstic of the conditton 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

et
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Typrcal case with 1 strasght left border

Fic 55
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endocarditis [n Gelfman and Leving s (1942) seties of autopsted cases
the meid of bacterial end ditrs was 23 per cent 1r patients of all
apes 2nd ST PAT cent 1 Pabiets ovet two vears of age The infective
process may but does not always savolse the margins of the defect
Mura! thromb: may be present on the wall of the night ventricle where
the abnormal shunt impinges opposite to the defect The aortic and
tricuspid valves may be invohved by direct spread  Excellent examples
are those of Perry (1936) Falconer (1937) Espen and Abel (1941) and

F1G 56 The electrocardiogram th si ca es of the maladie de Roger

Zeman (1945) the latter 1n a case aged 61 The case of Allen (1941) 15
teresting because the right aottic cusp herniated through the defect
and fused with the anterior pulmonary cusp goang a pieture of aortic
incompetence and pulmonary stenosis  Audibert (1933) thought that
the solated nterventricular septal defect was rarelv 1avolved
bacterial endocarditis Post moflem stabistics have ther falactes
partwutarty m a latent abnormality such as the maladie de Roger but

9 {v bactenal endocarditis 35 @ senows nsk  Gelfrman and
Levine (1942) found the highest merdence of bactersal endocardins
with this defect The presence of congemtal heart block does not

ly setiousty nft he

n 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 15 required and no restrictions should be tmposed The
average age at death m Abbott s sertes was 14 years with an extreme
of 49 Weiss s case Iived to the age of 79 Personal cases have been
under observation for exghteen years and show no detertoration

Diagosis Diagnosis depends upon the presence of the typical
phystcal signs of mesocardtal systolic murmur and often a thrill 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 charactenistic physical signs may be evident A ductus
has the typrcal Gibson murmur by this age and the aurcular septal
defect a right axis m the electrocardtogram 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 organicity Phonocardiographic methods may well
separate the organic from the functtonal brut Some help may be
gamed from X ray A diography 1s foubted!!
useful but not without 1ts risks Lastly mntracardtac catheteriztton will
demonstrate the presence of a left to right shunt It seems doubtful if
these two fatter mvestigations have any serious place in the diagnosis
other than academic interest tn 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 ventnicular septal
defect The electrocardiogram showed a right axis and the radiological
examination a slight enlargement of the heart with prominent pul
monary conus and large fular shadows In effect the total picture was
indist le from the E complex 100 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 fematruing normal with exercise

ANEURYSM OF THE VENTRICULAR SEPTUM Ancurysm of the ventricular
septum ivolves the membranous septum The direction of the aneurys
mal pouch ‘aries and consequently when viewed from the nght
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 directed upsards The aneurysm ts a small sac shaped
structure with a circular mouth of about § em diameter It does not
however always conform to tius type for the leston described by
Guccione (1926) was funnel shaped The depth varnes and 15 psually
from 1 to 2em Generally thereare other congenital anomalies prl"sﬂ;]f(
sncluding displacement of the coronary arteries indicative of shg
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transpostitan Subaortic stenosss was presunt in the case of Rae (1936)
In the two hearts of Lev and Saphir (1936} both derived from mongols
there was a Jarge patent foramen ovale and fenestratians of the septum
pomum  These same avthors state that since the first case was
described by Laennec 1n 1826 about seventy cases have been reported
A patent fotamen ovale appears to be frequent and in Merkel s (1869)
case there was a defect of the ventricnlar septum The auricular septum
was absent 10 the case of Zadac hahn and Cousin (1925) Calesficanon
may oceur 1 the aneurysmat sac

PatioGentsts A number of theories have been advanced m
explanation of the formation of such an aneurysm Endocarditis was
offered as an explanation by Rokitansky (1875) and by Metkel It
appears most hikely that the expl 15 purely embryvol { and
35 the result of maiformation of the membranous septum Owing to a
smail degree of transpositton of the aorta and fatlure of the nter
ventncular septum to move to the nght Anatomical support to such 2
hypothests has been adduced by Mali (1932) Fakin and Abbott (1933)
and Brshop and Trubek (1936) and the displacement of the corcnary
onifices 15 confirmatory It 1s thus a detorsion defect Pressure 1 the
feft ventricle avting upon the 1 of the t
septum  results in aneurysm formation

”{hcrc are no symptoms and the condition has never been recogmized
m fife

ConcENTAL HFART BLock This mteresting abnormality 1s frequently
described an bemng assoctated with defects of the interventncular
septum Scatteted through the fiterature ave a number of cases where
heart block in young children has been accompanted by the signs of
thus defect The provimty of the bundle of His to the membranovs
septum and the supposition that defects of the interventricular septum
wvolve the membranous septum  has Jed to an easy and attractive
hypothesis that the cause of congenital heart block 1s due 5o a defect
of the mtenventriculac septum  If such 4 concept were true then
congental heart block would be a common chingcal finding for the
intenventricular septal defect either alone or combined with other
Testons 15 one of the most frequent of cardiac anomalies A review of
farty four awcepted cases of congennal heart block by Yater Lyon and
M.Nabb (1933 showed that signs of a septal defect were present m
twenty seven and these were confirmed by autopsv in five As will be
shown later the site of the scptal defect has a very ymportant infiuence
n refation 1o heart block It 3¢ an interesting observation that 1 the
cyanotic case where the defect of the septum 15 of considerable magns
tude heart block 1s very rare

Cases of cangenttal heart block should perhaps be divided mto two
categories Furstly those cascs where the condihon has existed since
birth and due solely so the direct effects of the anatomical malforma




160 CONGENITAL HEART DI EASE

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 bratnatum
triloculare with tricuspid and pulmonary atresta 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 15 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 congenital cardiac abnormalities
it will readidy be apprecrated that as the defect 1s antenor to the
\: septum 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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cushions This region of the atnal canal 1s a key point in the developing
heart for from the endocardial cushions the auriculoventricular
ontfices and cusps are dertved and further the endocardial cushions
play an 1mportant part in the formation of the auncular veatncular
and membranous septa Thus such lesions as a persistent ostium
primum  an absent auricular septum a common auriculoyentricular
onfice or a biloculate heart might reasonably be expected to be
accompanted by disturbances of conduction 1f not actual block Like
wise the bundle might be mterrupted at this pomnt by abnormal in
growth of the fibrous tissue of the annulus fibrosus 1n the absence of
any gross septal or other abnormality Conceivably the bundle might
be involved 1n an infective process Lastly it should not be overlooked
that tumours especially lymphangiomata have been desenbed as
causes of block

It 1s natural to inquire how far these 1deas are supported by the
observed facts It had been held by some with considerable justification
that as the bundle 1s developed 1n advance of the septa defects of the
septa per se are unlikely to be the cause of heart block Monckeberg
(1924) states that even in the most complex and severe malformations
it 15 unusual for the conduction system to be involved The bundle can
be 1dentified 1n these cases although its site may be abnormal He also
remarks that where a persistent foramen primum 1s present the aunculo
ventricular node 1s displaced from its usual position but he never
observed a case in which block was present Mahaim (1931) considers
that the persistent ostium prnimum places the bundle 1n an abnormat
postertor position and thereby increases its vulnerability owing to the
anomalous changes taking place in the endocardial cushtons Chinical
substantiation comes from the cases of Yater Leaman and Cornell
(1934) and Wallgren and Winblad (1937) where a persistent ostinm
primum was associated with complete block In both cases the actual
cause of block was terruption of the bundle by ingrowth of fibrous
ussue from the atrial ring

If the membranous septum 15 absent some distarbance of 1ts near
relauon the bundle might be expected Heart block was found
absence of the membranous septum by Perottr (1928) Wilson and
Grant (1926) and Yater Lyon and McNabb (1933) Cases in which the
septa have been ntact are those of Yater (1929) McLellan (1935) and
Wallgren and Winblad (1937) In all of these cases 1t 1s presumed that
the bundle was interrupted by fibrous tissue ingrowth and microscopical
evidence confirms this 1n Yater s and Wallgren and Winblad s cases

Signs of ventnicular septal defect have been present mn fifty one of the
seventy seven reported cases and 1n five of the twelve cases that have
been examined at post mortem The defect has been large or com
plete 1n the cases of Moxon (1879) Wilson and Grant (1926) Abbott
and Moffatt (1930) Yater Lyon and McNabb (1933)
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WhHear;, block can occur 1n other forms of congemtal heart disease
ere the septum 13 ntact Thus 1n the case of Wadman (1945) there
Was a patent ductus artertosus and no evidence of other lesion Syncapal
attacks occurred after exertion and an electrocardiogram showed
c}?mplete block with a rate of 39 In the mtervals there was 2 normal
r]ythm Leech (1930) also reported a case of ductus with complete
bloch but the possibility of an mterventricular septal defect was not
wholly excluded It seems possible that varations 1n pressure on the
bundle or of tenston 1n the bundle may produce block Such changes
n pressure on the bundle were thought by Nissé (1928) to be the cause

NN S LET

FiG 57 Congenital heart blok Female aged 4 Physi
cal signs of a ventricufar septal defect

of alternating 2 1 and complete block 1n a congenital heart case with
an nterventrcular septal defect Wilson and Grant (1926) showed the
bundle to be divided 1nto fine strands by the penetratton of fibrous tissue
macaseof 2 1 block and thought that these fine strands mght 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 bemng then more horizontal tenston on the
bundle was decreased allowing the more ready passage of impubes
In all probability as Wadman suggests the occurrence of convulsive
serzures or epileptiform 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 1f these strains are per
manent the congemital heart case may actually acquire block In the
case of auricular septal defect observed over a pertod of years a gradual
Iengthening of the PR interval and a prolongation of the QRS 15
sometimes observed

ase 15 recognized as one of congenital

CLINICAL PICTURE Before a c:
heart block certamn cntena enunciated by Yater should be satsfied
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These are a slow pulse at an early age signs of congemtal heart disease
an absence of any history of infection especaally diphtheria rheumatism
or syphilis proof by graphtc methods The occurrence of Stokes Adams
attacks at an early age 15 good evidence These are however rare A
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Figs 58 a and B Electrocardiograms of a case aged 12 with
of a septal defect and mental duficiency who developed heart bsllggli
1ntermittently during obsetvation

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

peculiar 1n that complete dissociation may exist with a comparatively

rapid rate The eatliest diagnosis of congemtal Reart 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 eatliest mention of cyanosis 1s by Paracelsus who referred to the
conditton as scteritia ¢elesting seu cyanea  Luttle 1s 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 d 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 in cyanosis Tavssig (1939)

recognized the essential fact that in those cases with a stngle ventricle

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 15 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
principle 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 1 heart disease and its
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
lanes 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
contamns 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 1s increased as in polycythagmia cyanosis occurs more
readily for in 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 tn severe anaenmas 1t 15 practically impossible for cyanosis

to occur

In congemtal heart disease apart from the chemical changes d;]s
cussed above there are certan important factors deterrmned by :”f
anomaly present that result in the deselopment of cyanosts I tts m:
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severe form transposition of the great vessels without an inter
ventricular septal defect cyanosts 15 not due to an insufficiency of
blood reaching the lungs for oxygenation but depends upon the
amount of oxygenated blood reaching the systemic circulation Only
a patent ductus artertosus (tn 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

Fic 59 Ongm of cyanosis in congenital heart disease
A normal B 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 alveolt To this may be added the effect of a venous artenal shunt

where the aorta hes astride a high septal defect or arises wholly from
the night ventricle or 2 common ventricle (fig 59)

In the patent ductus artenosus or ventricular septal defect cyanosis
may occur during severe pulmonary nfection tn failure or as a
terminal event A reversal of the artertovenous shunt occurs so that it
becomes venous arterial Some have questioned the mportance of a
Teversed shunt because dilatation of the skin capillarses and slowing of
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the peripheral urculation have been demonstrated 1 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 i Congenital Heart Disease
The all important factor n the more severe types of congental heart
disease surviving infancy 1s the volume of blood reaching the lun,s
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
dimiutive outlet chamber or 1n tricuspid atresia where there 1s often
pulmonary artery hypoplasia or atresia In some cases the amount of
blood reaching the lungs 15 adequate i the vegetative state of infancy
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 sigmficance of this factor has
been stressed by the results of the Blalock Taussig operation the basis
of which 15 to create an artifictal ductus artertosus and so ncrease the
pulmonary erculation Even when this is successfully accomplished
there must always be the factor of a venous artenal shunt directed
through a ventricular septal defect with an overriding 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 1s difficulty in returning the oxygenated
blood to the systemic circplation 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 1 the
ductus 1s teversed from pulmonary artery to aorta or of a ventricular
septal defect allows oxygenated blood to reach the artenal cireumt A
large interventnicular septal defect 1s therefore a favourable cireum
stance and life has been prolonged thereby to a considerable age A
similar situation prevails 1n those cases where the pulmonary vems
enter the right avricle or vena cava mnstead of the Jeft auncle with the
result that the oxyp d blood lates 1m the pul y circutt
In some cases of the Eisenmenger complex there appears to be
difficulty 1 securing an adequate oxygenation of the blood despite an
ample or even increased blood supply 1t 1s probable that an Increased
pulmonary pressure 1n evidence of which there 1s a hilar dance may
cause changes n the alveolr sufficient to prevent adeguate contact of
the blood with oxygen Mention must be made of certain contributory
factors which operate 1n the lungs Pulmonary disease whether lnfcctl\;
or caused by pulmonary hyperiension may lead to cyanosts A rcducel
wvital capacity Jowers gaseous exchange Exercise by mcrcasmgdlhc g‘;o
put of the heart may Tesult 1n incomplete aeration of the blood an
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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 aunculoventricular 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

e 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 Marte (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 disease after an anastomotic
operation

Lovibond states that the earlest change 1n clubbrng 1s the develop
ment of a firm transverse ridge distal to the last 1nterphalangeal joint
the skin being smooth and shiny and of a ilac hue The base of the
nai gradually becomes ratsed and with 1t there 1s obliteration of the basal
angle of the nail and finger At the same time 1ncreased curvature of the
nal1in both directions gradually develops Finally the tips of the fingers

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

ome broadened and resemble a drumstick 1n appeatance {fig 60)
’b}ehca :us‘zs of clubbing are related to a state of chromc passive cong::
tion of the capillaries of the nail bed a site where capiilanes acrsecgpc
ucularly abundant and readily visible with the capn!{aryhmug; i
Oedenta of the tissues between the nail bed and the bone ccn(mr tont
The acompanying anoxaemia and capillary dilatatton toge
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the slow circulation increased local d and i
of metabalites all tend to produce clubbing

The eye changes are important There may be slight exophthalmos
The conjunctivae ate suffused and congested aad there may be visible
haemorrhages 1n a few cases The retina has a darker shade than normal
and the vessels are dilated and increased in number In severe cases
the appearance of the vessels at their emergence from the optic disc
1s so charactersstic that one might speak of retinal clubbing

Pathological effects of Cyanosis

Porxcytuapyua The body gradually develops a remarkable toler
ance to oxygen unsaturation This 1s achteved by a compensatory
polyeythaema which rasses the oxygen carrying capacity of the blood
and enables an adequate curculation within hmits  desprte anatomical
handicaps The sttmulus to erythropotesis 1s anoxaerma The red
cell count in the normal person 1s stated by Wintrobe and Muller
(1929) to be 5800000 In cyanotic congemtal heart disease blood
counts of seven and eight mullton are usual and the count may reach
as high as twehve milhon A fugh and nising count 15 of serious prog
nostic C dently with the d number of red
cells the h lobin is and the ¥ 1t fevel raised
The polycythaerma of congenital heart disease is distinguished from
that ot Osler s disease by absence of enlargement of the spleen

Anoxaemta 15 not necessanily proporttonal to the seventy of cyanosis
and can be very severe In infants before the development of any marked
cvanosls or polycythaenma  Anoxaemta 1s always accompanied by
dyspnoea Dyspnoea with aggravation of cyanosts may occur with the
shghtest exertion or 1t may occur 1n paroxysmal attacks provoked by
crying feeding or even spontaneousty Such attacks are more common
in mfants than 1n older children The attacks are spectacular and the
chid goes black as 1t struggles for breath Convulsive movements
may occur and occastonally conscrousness 1s lost The nature of the
attack may lead to confusien vuth the convulsnve seizures of epilepsy
and equally the epileptec fit 1n childhood 1s often mustaken for a heart
attack The combined effects of anoxaema and polycythaemia were
responstble for angina pectonts in the case of Blackford (1930)

Polycyth has 1ts disad and dangers There
15 a tendency to thrombosts 1n cerebral vessels and in other vessels of
the body Cerebral thromboue attacks are accompamed by convulsions
and often a hermiplegia which may be permanent (Perry 1942 Hunter
and Lipscomb 1942) A further effect of ncreased viscostty of the
blood 15 peripheral stasis and capillary dilatation and hence mcreased
deoxygenation Packing of the abveolar capillartes with blood cells
also leads to incomplete oxygenation

Taussig {1947) has drawn attention to the squatting attitude adopted




170 CONGENITAL HEART DISEASE

;}::':n\::: regresston of the signs of bone dsease after an anastomotic
Lovibond states that the earltest change i clubbing 15 the dev
ment of a firm transverse ridge distal !o%he last mtcrﬁhzlzsnggﬁ ;oll(;ﬁ.
the skin being smooth and shiny and of a hlac hue The base of the
nail gradually becomes raised and wath st there1s obliteratton of the basat
angle of the nail and finger At the same time increased curvature of the
nat in both drrections gradually develops Finally the ips of the finzers

Fic 60 Clubk ng of the fingers in congenufal heart disease

ad resemble a drumstich in appearance {fie 60)
The causes of clubbing are related to a state of chronic passive conges
tion of the capilfaries of the natl bed a site where capilanes are par
ticularly abundant and readily visible with the capilary sucroscope
Ocdema of the issttes between the natl bed and the bone then develops
“The accompanying anoacmia and capiifary difatation tocether with

become broadened a
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contemplated as a means of relief of the more urgent symptoms The
full detarls of diagnosis are discussed under the appropriate lesions
and only principles are discussed here

The X ray screemng which can be conducted n the out patient
department 15 of the greatest importance and attention should be
drrected particularly to the pulmonary artery and conus Absence of
the normal pulmonary conus a concavity at the stie of the pulmonary
arc a small pulmonary artery and drminished or absent hilar pulsation,
and abnormally clear lung fields all suggest that the fundamental
difficulty 1sa d d pul: ry It The X ray ph ph
1 antero-posterior  and left anterior oblique views may be ve
helpful The peppered vascular shadows and 1schaemic lung fields are
quite distinetive of an irad; 1 y L Conversely
a large pulmonary artery actively pulsating 2 full pulmonary conus
and evidence of congestron 1n the lung fields all imply an adequate or
mereased pulmonary crrculation and that the cause of cyanosis must
be sought elsewhere

The fulter mvestigation of a case 1s best carried aut with the patient
admttted to hospital Tt 1s well to have a dehnite plan of events spread
over a few days The oxygen saturation of the blood 1s estimated from
a 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 supgests the inadvisabibity of an opsration which
will only raise saturation a hittle over 80 per cent The effects of pro
longed inhalation of oxygen may also be studied By this means 1t
may be possible to greatly modify or even cause the disappearance of
cyanosis_but the level of oxygen saturation so induced never reaches a
normal figure I there 1s a shunt from the venous stde of the heart as
in those anomalies with a dexiroposed aorta the amount of oxygen
unsaturation as influenced by the volume of the venous shunt can never
be rendered normal by oxygen admunistratron It 15 thus possible by
comparison of figures obtained before and after oxygen administration
to assess the relative importance of the pulmonary factor (afluenced by
oxygen mhalation) and the venous shunt not 50 influenced

The circulation may 4lso be measured by vartous methods 1n order
to ascertain or confirm the presence of a venous shunt The circulation
ttme tends to be reduced 1n anomaltes with a dextroposed aorta

Lastly there are those methods which imv olve intracardiac catheterisa
tion These should properly be reserved for the more complex tases
which defy the usval methods of diagnosis Stmular constderations
apply to angiocardiography a difficult technical performance and not
to be Iightly undertaken because 1t carries some risks Aungrocardio-
graphy has made 1ts most important contribution fo cardtology n the
study of the cyanotic case It demonstrates the permeability of the
pulmonary tract and the presence of pulmonary arteries




CHAPTER XIII

PULMONARY STENOSIS AND ATRESI\

The cases 1n this group naturally fall into 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 together 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 involutiont 1s disturbed The
bulbus cordis 15 a dominant and permanent structure 1n the hearts of
the lower vertebrates It exists as a separate chamber 1n the teleost and
elasmobranch fishes and 1n some reptiles In the mammalia the bulbus
1s incorporated mnto 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 mncreased
actvity of the heart (kerth 1909) It 1s stated that the musculature of
the mfundibulum 15 actrvated later than that of the sinus of the riht
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 ventnicle
and 1s mainly ncorporated into the right ventnicle to form the in
fundibulum Its persistence in 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 mvolution 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 i incorporation of the bulbus i the right

ventricle .
To this process must be added the effects of torsion As the ammal

scale 15 ascended there 1s a transition from the purely gill breathing
types to the lung breathing types with the result that the pulmon;l’z
portion of the cardiac tube becomes at least as mportant as

174
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systemic part Two systems thus develop side by side separated by
septa In the early stages of devetopment when the septa are beginming
to form this process of torsion occuts Examnation of the normal
heart will show that »f the aorta and pulmonary artery are 1o assume
therr cotrect positions refattve to thawr respective sentrcles a torsion
or rotation of about 180 15 necessary Ewidence of this rotatien 5
found in the clockwise course of the pulmonary artery about the
aorta Where no rotatton has occurred or where there has been
detorsion there 1s & change in this refationship and sarymg degrees
of transposttion of the vessels results The most extreme degree of such
15 fourd P of the vessels with a closed

ventrsenlar septum where the aorta arses from the right ventncle and
the pulmonary artery from the left The least degree of torston with
the shghtest daxizoposttion of the gorta may be found in congenttal
aneurysm of the mterventneufar septum  Thes conception of torsion
1s of great importance because it serves as a basis of any explanation
of certain severe cardiac defects

Spstzer s (1923) theory seeks 10 establish a phyl T h
between the human and the reptilizn heart In the normal! human
keart he recogntses the stie of the closed reptilian right sorta by a
niche 1n the nght ventricle snuated between the crsta supraventricu
lans and the wfundthular cusp of the d vabe At an eatly
stage the reptilian right aarta 1s closed by the clockwise rotatron of the
bult wutat end of the prrmtue cardiac tube If for 2my reason
this does not occur there 1s an apparent detorsion 1 a éounter clock
wise direction which briags the parts qut of posstion and results 1
reopensng of the reptsfian nght aorta with closure of the left If the
degree of detorsion 15 small these two aortae way fuse and give nse to
a single Iarger than normal dextroposed aorta Such a theory fits
with the observed facts In the tetralogy of Fallot there 1s a large
dextroposed aorta and with singular frequency 2 bicuspid palmonary
vahve homologous with that found n the reptile There has been some
eriicism of Spitzer 5 theory notably by Lev and Saphir (1927) who
admt that 1t 1s valid anatomscally but disagree with the maode of us
accomphishment {Chapter XVIl) They believe that an abnormality
1n the bulboaunicular spur area prevents absorption of the bulbus mto
the left ventricle thereby defaultmg the normal clockwise rotation
about this pomt As 1 consequence the unfised lower end of the bulbus
rotates i a counter clockwise direction and this Jeads 10 a more or
less pasailel position of the aorta and pulmonary aftery mstead of the
habuual spiral twisting Further there is imperfect unton or no upton
at alf between the lower end of the aorticopulmonary septum and the
ventncular septum resulting w ventricular septal defect

Delayed mvolstion of the bulbus cordis results 1 conus or infra
valvslar stenosis of the pulmonary artery The foramen between the
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conus and the sinus of the right ventricle 1s the lower bulbar onifice
or ostum infundtbult of Keith The crista supraventriculars marks
the line of diviston which separates the bulbus cordss from the comman
ventricle 1n the fourth and hfth weeks and in cases where there has
been persistence of the bulbus cordss the erista 1s a promunent structure
i conirast to 1ts usual mnstgntficance 1n the normal right ventricle
There 1s often a small mterventricular septal defect opemng mnto the
sinus of the right ventricle but 1t 15 not uncommon for this to be
absent Some degree of dextroposition may also be present

Fic 6. Conus stengsis of the pulmonary artery
{After Laubry)

In cases where there 1s an arrest of the developmental expansion of
the mfundibul the infundibulum s foreshortesed and exisis as a
small fusttorm cauty with thickened walls In about half the cases
there 1s also fuston of the pulmonary cusps The ltnung of the conus 1s
of thickened endocardim of a pecultar ground glass appearance
attnibuted by Rerth to embryonic fibrocellular tissue An inter
veniricular septal defect may be present

Where the arrest of ¢xpanston has been complete there 1s pulmonary
atresta The onfice of the pulmonary artery 1s represented by a mere
depression or a mass of scar tissue The fuest part of the pulmonary
artery may be an rmpermeable fibrous cord This expands into the two
mamn branches of the pulmonary artery which are often thin walled
and hypoplastic  The left ventricle 1s small and aplastic and the
apscles dilated and hypertrophied A defect of the wteraunicular
septum 1s frequently present The dextroposed Jorta arises wholly of
partially from the right ventricle The ductus arteriosus may be widely
patent and there may be anomalous vessels of hypertrophted brarchial
arteries assuring a blood supply to the lungs Such cases come under
the general category of the tetralogy of Faltot In wases where there 18
o defect of the intenventricular septum the right ventricle 1s aplasic
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the sorty larger than nosmal the ductas artersosus patent dnd agam
there s a 1 pul y it developed bronchial
and other artesies

The purcly vahular type of pulmonary stenosis has been stated to
be the result of a foetal endocarditis involung the pulmonary cusps
after the sepia have closed This leads to their fusion and deformuiy
which may be so severe as 1o amount 1o atresia Abbott (1927) states
that practically all cases of valvular puimonary stenosis with closed

Fic 61 Pulmonary atres:a sn & child aged 2§ years The asorta anses

wholty from the right ventnicle which s hypertrophied The pulmonary

aviery 1sreduced toa fibrous cord The cculation was carned on through
hypertrophied bronchal artenes

septa anse by this means Gross (1941) suggests that the accumulated
evidence throws doubt upon the of a foetal end dsiss of
as yet unkrown etiotogy In his view 1t 13 probable that abnormalities
of this valvular type atise from arrest of development of or closure of
artertes supplying the vabe resuling w infarets and subsequent
fibrosis Microscoptcal examunation of valves reveals only moderate
fibrosts and none of the stigmata of the wmilammatory diseases The
fusion of the pulmaonary cusps nto a cupola of symuneteical proportions
observed 1 some cases of vahvular stenoss 18 quite unlike an wftam
matory scarring process Further the arrangement of the cusps s
altered so that wn pure pulmonary stenosis there are one anterior and
two postertor cusps The presence of other anomaties enther cardiac
or somatic s favour of a developmental origin Kerth (1909) has
drawn attention to the frequency with which valvalar and 1afundibutar
stenosis are associated

Pulmonary atresta may be 1n a few cases the result of nflammatory
myocarchal changes leading to fibrosts m the conus and oceurnng
after the septa have closed In some cates syphibis has been suggested

as the cause of myocardutis n thss ssation but the evidence 15 not at
all convincing
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, IPULMONAKY STENOSIS WITH CLOSED VENTRICULAR SipUM

ulmonary stenosts with a closed ventricular se;
ptum 1s statistecally
rater than the tetralogy of Fallot Clinical experience does not alto
gether support this view of ranity In Abbott s [ 000 cases there were
twenty five with an intact ventricular septum and sixteen of these hada
patent foramen ovale Currens ef al (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) Valvlar Stenosis In this condstion the cusps are often abpormally
arranged there bewg 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 dimensions This diaphragm may
resemble a funnel or dome projecting into 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 dilated
The right ventricle and conus are hypertrophied and often dilated In
2 number of cases the brunt of the stenoss falls upon the pulmonary
anaulus which 15 contracted and fibrosed Accompanying this there
may be scarrning of the pulmonary cusps The foramen ovale 1s fre
quently patent etther pnmarily or in response to raised pressute 10

the night stde of the heart
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‘These cases tre stated 10 be 1are but this opimon probably requires
reviston Cardiac cathetettsation and inesocardiozraphy will probably
result 1 the more frequent recogmuion of this anomaly

{2) Conus Stenosis (Infravatiudar Stenosts Stemosts at the Lowver
Bulbar Qrifice) In this leston first differentiated by heth (1909) bt
known to Peacock (1866) the conus of the nght ventucle 15 dilated
and forms a separate chamber or cavity communicating above with
the dilated but otherwise normal pulmonary artery Below it com
municates with the sinus of the nght ventriele by a lower bulbar onifice
or osttum infundibult This differentiation to two eavities 15 effected
by a band of muscular tissue enctreling the wall of the ventricle and 1s
1 fact the cnista supraventriculans It represeats persistence of the
butbus Various degrees of conus stenosts may exsst In many cases an
inerventnicutar septal defect s assoctated and opens beneath the
ostism nfundibuls inte the sius of the right ventricle The ostium 1s
lined with fibrous tissue and together with the wall of the cavity may
become the seat of mfectrve endocarditis Examples of conus stenosts are
figured by Kesth (1909) and Laubry (1930) (fig 62)and konwaler (1944)
Excellent examples wah infective endocarditis are those of Bedford
and Brown (1937) (fig 65) and Dryerre and Walmsley (1939) Eakin and
Abbott {1933y have reported two cases in the first of which there wasno
defect of the mterventneular septum but aneurysmal bulgang of the
upper patt of the septum and slight dextropasition of the aorta In thetr
second case agam devawd of an interventricular septal defect fective
endocarditis snvolved the lower bulbar onifice and pulmonary cusps
In a rarer type of conus stenosts the mfundsbulum s attophied and the
conus consists of a short narrow passage

In both valvular and conus stenosts the pulmonary artery may be
difated distal to the stenoss the dafatation extending as far as the bifur
cation or beyond The reason for such dilatation 14 nat clear but it may
depend upon a hypoplasic condhtion of the artery wall Ligature of the
pulmonary artery 1 ammals ts stated to Jead 1o dilatation distal to the
hgature and the microscopic changes of dimungtton of the media In
some eases the dilatation appears to be dynamic and only recognisable
by radiwologicat examination during hie Xt 15 absent at autopsy

An unusual fype of pulmonary stenosts has been reported by Allen
{1941} in a case wrh o defect of the interventnicular septum the base
of the night aortic cusp was fused to the anterior pulmonary cusp the
aoric cusp betng eventrated through the septal defect into the right
wentricle to cause a pulmonary stenosts This pecubiat structure was the
seat of & bactenal endocardiis

CLnicAL PICTURF Cyanosts 1s usually only shght and fate 1n onset
often not appeanng uniil early adult hfe aod m some cases as late an
the fourth decade It depends upon permeability of the foramen ovale
and upon the degree of pulmonary obsvizuction ¥ ths Janter 1s of a
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severe nature cywosts may then be early and there may 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 1s slowly
progressive and may become extreme with faillure The cyanosis
results from several causes the more important bemg a diminished
blood supply to the lungs a right to left shunt through an aunicular
septal defect and pulmonary arteriolar disease and changes n the

FiG 65 Stenosis of conus artenosus of npht ventricle bulow pul

monary cusps with makgnant endocardius at sie of stenosts

Pulmonary artery much dilated beyond stenosis aorta shightly
constricted at isthmus

lungs interfering with oxygenation Clubbing of the fingers 1s pro
portional to the cyanosis Exertion which sncreases oxygen consump-
tion and emphastses cyanosts may be the basis of a simple clmeal

test m 2 doubtful case

The principal symptoms are dyspnoea on exertton and parovysmal
attacks of dyspnoea accompamied by cyanosis may occur Such
attacks may develop years before the appearance of permanent climeal
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cyanosts Epsstasis 15 not uncomman Incipacity 1s never so great s
1 putmonary stenosts with 4 sentricul ir septal defect (Fallot) except
1 the rather rare cases of severe valvular stenosis amounting to atresia
with a grossly dunimshed palmonary blood flow and a closed ventricutac
septum W hen faslure 1s present cyanosts becomes marked and dyspaoes
2 prominent symptom Failure tends 1o be progressine and not very
amenable to treatment Squatting 1s only observed mn the very severe
cases

The physical signs are a harsh systolic murmur and accompanying
systalic thell m the second left interspace close to the sternum The
murmur 15 generally harsher and loudes than that heard 1 the tetralogy
and 15 conducted towards the left clavicle and often into the left nde
of the neck Occastonally both thall and murmur may be maximal 1
the second night nterspace and in a noa cyanolic case be confused
vath gortic stenosts Often the systohic murmur is audible over the
eatiwe praccordium and may be heard at the angle of the teft scapula
Its Joudnass 15 due to the nearness of the vessel to the stethoscope The
pulmonary second sound 1s rarely normal but ss reduced m intensity
or frequently absent When with the t
1t 1 often difficult to understand that the primonary second sound
has been Beard at all Perhaps in some cases the aattic seconrd sound
iy to the pul y area and ad hed
pulmonary second sound There may be dullness in the upper left
intercostal spaces corresponding to a diated pulmonary artery In
<onus stenosts the murmur 1s placed lower and 18 systolic s fime Its
maxtmum mrensity 1s 1n the faurth night space close ¢o the steraum
(heith 1509)

RADIOLOGY The heart ts vormal in size ot only slightly hypertrophied
{fig 66) When faluress presentthe hearts grossly entarged Hypertrophy
walves the night vertncle and the apex of the heart may be biunt and
turned up @VIng a coeur ¢n sabot sithouette The nght barder of the
heart may be formed by the hypertrophied reght ventricle which pushes
the night auncle backwards so that only its appendage contributes to
the upper part of the stlhouette This may be recognzed by the syn
chronous pulsation of both borders of the heart The pulmonary actery
18 most often difated and may be a prominent feature of the Jeft cardiac
border Dilatation and hypertrophy of the conus may produce sumilar
changes on the left border (Usomote 1925)

ELECTROCARDIOGRAM The electrocardrogram usually shows g nght
axis deviation ofien to the extent of that seen 1n the tetralogy of Fatlot
In the case of Wood (1942} where pul, 'y stenosis was bined
with a large suncutar septal defect there was a left axis the only
example so far reported A normal axs fas been observed by Currens
hanney and White (1945) and others so that it appears that a normal
axis does not entrely preclunde a dragnosis of isolated pulmonary
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stenosis A high peaked P wave 1s commion 1n lead 2 and the T wa
m leads 2 and 3 may be nverted Conduction abnormalities are n
uncommon and right bundle branch block has been described
Blackford and Parker (1941) and others Intraventricular block occurre
1n the case of Auerbach and Harper (1947)

COURSE AND PROGNOSIS This naturally depends upon the severt
of the stenotic lesion and 1ts effects upon the pulmonary blood flox
In shght or moderate degrees of stenosis the patient 1s often m goo

FI1G 66 Pulmonary stenosis with closed ventricular
septum  Female aged 28 Three pregnancies well
tolerated and oftspring normal

health and able to engage 1n ordinary employment ang pleasure until
the second or thitd decades Cyanosis and dyspnoea may then become
troublesome together with a greatly reduced physical capacity
Disability 1s only severe in those cases where the stenosts 1s of high
degree and the clinical picture may then resemble that of the tetralogy
of Fallor Death results from infective endocarditis cardiac failyre or
puimonary tuberculosis Personat cases have died of phtiiss (2} and
malignant hypertension In Abbott s (1931) series the average age at
death was 20 6 years with an extrerae ot 57 years

This abnormality mght well be one of the conditions for which
sutgery may be beneficial in prolonging life An operative attempt 10
sever & constricted valve was made by Doyen (1913) but failed owing
t0 the presence of subvalvular stenosis The Blatock Taussig procedure
should be considered as applicable to severe and progressive cases
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with much disability Valvulotomy has been successfully performed by
Holmes Sellars (1948) and Brock (1948)

Diaghosts The principal physical sign 1s a harsh systolic murmur
with accompanying systolic thrill in the second left interspace close to
the sternum Its loudness the thrill and the conduction of the murmur
1o the left clavicle and the left carotid artery help in 1ts differentiation
from an innocent pulmonary systohe murmur The X ray picture
shows a dilated putmonary conus and artery The dilatation does not.
always extend to the branches and 1f 1t does 1t 1s never to the degree
of that found 1n the Exsenmenger complex or aunicular septal defect
The usvally prominent pulmonary border 1s 1 contrast to the concave
pulmonary arc of the tetralogy The auricular septat defect 1s further
distinguished by 1ts large heart and enlarged pulmonary branches
A may be 1 1n demonstrating 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 1n the auricular septal defect
In a doubtful case a normal circulation time will favour a closed
ventricular septum  although the method s not infallible Ten to even
teen seconds from arm to tongue may be taken as a normal figure this
tending to be shortened 1n conditions with a night to left shunt such
as the tetralogy The most positive method of confirmation of 1solated
pulmonary stenosis 1s by cathetenzation Pressure will be found to be
lower 1 the pulmonary artery than 1n the right 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 pericardium surrounds the
pulmonary artery leading to a notable dimunition 1n 1ts calibre The
recognition of these cases depends upon a history of rheumatism
evidence of rheumatic valvular disease and signs of an adherent
pericardium A loud banging pulmonary second sound 1s commonly
present Radiological exammation shows an enlarged heart and no
ditation of the pulmonary artery although the conus may be expanded
Ayerza s disease has ily caused difficulty but 1t 1s d
by 1ts history serology and the very marked cyanosis

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

This 15 a well defined entity 1n congemital heart disease of the
cyanotc type Essentally it consists of stenosis hypoplasta or atresia
of the pulmonary artery of developmental type together with an
interventricular septal defect dextroposition of the aorta and hyper
trophy of the night ventricle
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HistoricaL  This combimation of lesions was first reported and
figured by Sandifort 1n 1777 Bennett s (1946) admirable translation
of this work should be consulted Sandifort s figures clearly show an
aorta aessing from both ventricles and the elinical observations compare
very favourably with present day knowledge Farre (1814) was m
pressed by the frequency of pulmonary stenosis interventrcular septal
defect and overniding aorta Corvisart (1815) describes a case with a
night aortic arch The condition was first diagnosed during life by Hope
(1839) Much information relative to the earlier cases may be found 1n
the pages of Peacock (1866) Peacock was well famhar with the
frequency of this combination of defects and figures a case with a
right aortic arch He considcred the wsual interventricylar septal defect
to be the homologue of the foramen between the aortic ventricles of
the turtle He also preceded Spitzer 1n his belief that the sinus and
infundibular parts of the human nght ventricle corresponded to the
right svstemic and pulmonary ventricles of the turtle Fallot (1838}
made no new contrnibution to the anatomy of the abnormality but
emphasized the frequency with which this combnation of defects
occurred and the namte tetralogy arose from the four constantly
present anatomucal defects He made 1t ¢lear that the lesion might be
recogmsed on chincal grounds and stated  Upti) now ehmicians have
considered the precise diagnosts of anatomical lesions of the morbus
caeruleus an almost insurmountable difficulty On the contrary
we see from our observations that cyanosts especially i the adult 1s
the result of a small number of cardiac malformations well determined
Perhaps here we have some shght justification for the eponymous
designation of the tetralogy of Fallot Fallot s analysis of reported
congemtal cvanotic cases and lus own showed that 74 per cent were
examples of the tetralogy He asserted that a phystcian confronted with
a 1 cyanotic case might justifiably di the 1 I
would be 1dle to mentron all the cases reported since that ime but
mention may be made of the fundamental work of Abbott (1927) In
recent times the operation devised by Blalock and Taussig (1945) with
its posstbility of surgrcal relief of cyanosis has aroused great nterest
and made accurate diagnosis of paramount importance

ANaTOMY While 1t 15 true to say that the essential features of the
tetralogy are those defined above these features may vary withn wide
Jimuts from case to case The variables are the degree of pulmonary
~tenosts or atresta the situation of the aorta vis a v the defect of the
interventricular septum and alteratrons in the course of the aorta

[he sttuation of the interventricular septal defect may also vary
and 1t may open most often mnto the sinus of the nght ventrcle and
occasionally mto the conus of the right ventncle In the form r Cﬂs;

the defect 15 beneath the non coronary and nght coronary cusps ;‘"“
beneath a hypertroplued crista supraventriculans m the latter case
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15 more antersor and beneath the right coronary cusp with the chordae
of the tnfundibular cusp of the tricuspid vahe attached 1o is frec
margn The gefect tself in exther case 13 vamable mn size crescentic
1o shape and has a smooth fleshy matgin sts concavity bemng dhrected
upnards {fig 67) This contrasts withthe feston found 1 the maladse de
Rozer where the defect 15 renlar and nnged with fibtous tssue The
ensta supraventriculans 1s usually a stihing feature and 15 2 hyper
rophied mass of tissue 1ntersening between the conus and septal defect

Septal
aperture

]

F16 67 Fallot s tetratogy (o) Lefs ventricle opened showing defect of
weptunt (b} Hught ventocte apened showing hypoplasa of pulmonary
artery and farpe gorta

and helps to divert blood from the nght to the feft ventnicle Most often
the conus of the nght ventricle 1s small and hypoplastic with a sht
ltke cavity In those cases where the ventnicular septal defect opens into
the conus the cavity 1 large and tiuch walled so that ths may cause an
alteration wn the radtograph and 18 thus a feature of wmportance The
aorta 1s dextroposed and Abbott {1923) has pointed out that 1 cases
where there ts a dextroposition of the aorta the membranous septum
iies between the basss of the noncoronary and lelt coronary cusps
The non coronary cusp 15 thus 1w front of the membranous seprum
tastead of in 1ts normal pasition bend In spite of 1ts apparent change
 position 1t still bears its normal relationship to the nght auricle and
ventricle A needle passed through the anterior portion pserces the
septal cusp of the tricuspid vatve and passed through the postenior
porhon it reaches the nght auricle above the attachment of the sepral
cusp This of a normat ref hsp shows that the change
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of position 1s entirely of the aorta
are rotated n a cIocl)\,mse direction In deveopostuon the aorte cuss
ASSOCIATED ABNORMALITIES An important and stnking assoctated
abnormality 1s a night 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 2 who died of pul

monary artenns 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
Iife 1n such conditions as the Lutembacher syndrome Abbott s (1931)
statistics indicate that an open or closed foramen ovale h1s no matersal

infiuence on the duration of life
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Exceptionally mflammatory changes may be found i the pulmonary
cusps which become thickened and deformed In Halpert and Tennant s
(1934) case there was a healed pulmonary valvulitts and a diffuse
myocarditis of the night ventnicle The case of Campbell and Coulthard
{1529) has probably been wrongly atinbuted to an nflammatory
process

In regard to the pulmonary artery The degree of stenosts 1s highly
vanable and may be from a shght narrowing down to complete atresia
The pulmonary artery 1s thin walled and may have the appearance of a
vein It maybe reduced to afibrous cord(fig 63}and inthesecircumstances
a pulmonary blood flow 1s maintained 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
as well as the pulmonary vessel itself The infundibulum becomes a
natrow canal (retresissement canaliculaire of Laubry) Occasionally
the main site of stenosis 1s at the lower bulbar orifice The pulmonary
creylation 1s maintained at a very limtted level through these narrow
but often permeable routes In cases of extreme stenosis or complete
atresta the ductus arteriosus remains patent to assure a pulmonary
cicculation This 1s a pont 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
impftes pulmonary atresia Such a ductus should never be higatured

Collaters} Circulation to the Lungs

The 1mportance of a collateral airculation to the lungs m severe
cases of the tetralogy and m pulmonary atresia ts now well recogntzed
Christeller {1916) stressed the role not only of the bronchial artertes
but also of collaterals rising from the mediastinal oesophageal 1n
ternal mammary pericardial and other arteries such as the subclavian
and even the coronary arteries Collaterals most commonly arise from
the bronchial and mediastinal artertes These vessels are enlarged and
may be suffictently large as to distort the barum filled oesophagus or
cause notching of the under surface of a nb

The existence of bronchial artertes has been known from the earliest
times Ruysch {(1696) pointed out that they were separate from but
unastomosed with the pulmonary artery system and his tllustrations
are possibly the first that were ever published of these structures It s
clear that they were known before fus time even if their ongin and
distribution had not been accurately delineated In severe pulmonary
stenosis and atresia the bronchial artenes are greatly hypettrophied
and the branches may be as large as the parent trunk Pre capllary

between b hial an 1 y arferies has been
observed near the hilum by Hales and Liebow (1948) and has been
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expenimentally produced s dogs by higation of the pulmonary artery
as 1 the work of Mathes Holman and Rerchert (1932) Symilar
anastomoses have also been observed 1n situations more remote from
the lilum 1n bronchsectasts It must be realised that the bronchial
arteries are under a hugh systemic pressure and this combaned with the
largeness of their branches allows a constderable volume of blood to
pass through an anastomotic channel Severe pulmonary  stenosts
furnishes a stimalus 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 e 2! (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 artenies usually anse in common with an 1ortic intercostal
artery usually the first right aortic mtercostal occasionally the second
or third The left bronchial artertes generally spring from the anterior
aspect of the aorta or from the concavity of the arch and rarely m
assoctation with an intercostal artery Sornetumes right and left vessels
and particularly the mfertor bronchral vessels may anse from a com
mon trunk but this 1s unusual Bronchal arteries may also anse from
the subclavian vessels Thetr distnbution 1s to the bronchi the mid
portion of the oesophagus pencardium and they apastomose with
neighbouring vessels

The efficacy of a collateral circulation 1s 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 collaterat 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
15 an adequate collateral airculation may survive into nuddle adult
fe or later Two cases of East and Barnard survived to 30 and 20
years Vose (1856) case to 37 years Herzog s 1919) case was remark
able 1n that the collateral circulation was provided by umon of a brancl;
of the night inferior thyroid with the mternal mammary and bronchia
arteries to form a rich vascular plexus b

CircutATION The penerl effects of pulmonary stenosts on the

1 are d efsewhere [n puf y atresta (fic PW““""

of # defect of the interventricular septum tends to prolong t;fiha{
affording relief to the nght side of the heart always Pm”dlductus
there 15 some accessory pulmonary circulation prosided by “may be
arteniosus ot bronchtal arteries or both In the Ic\mlog);‘lhc;cmmn of
a defimite handicap because the size of the defect and the p
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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
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(4) Cases with a night aortic arch but with the same general char

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

CLINICAL PICTURE Cyanosis appears early and once established 1s
progressive It varies from case to case and may be present from birth
11 about one third of the cases or makes its appearance 1n later mfancy
of early childhood when the child becomes more acttve Cyanosis may
appear for the first time durtng some mntercurrent illness or 1t 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 estiblished cyanosis was never present during Iife and the
presence of the typical lesion was established at autopsy at the age of
29 Sumilar cases have been reported by Galliard and Cawadias (1908)
and by Fleury (1937) Such cases are very exceptional In general it
may be said that the transition from the vegetative state of infancy 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 seventy of the leston and 1s intensified by exertton
or emotion It 1s most marked n the mucous membranes and ex
tremittes It may be paroxysmal without apparent cause A sudden
increase tn cyanosts and detertoration of the patient may mark the
spontaneous closure of a hitherto patent ductus artertosus As cyanosts
develops clubbing appears and 1s proportional to the degree of
cyanosis It 1s rare to find clubbing before the age of two but once
established 1t may raptdly become extreme If anaemia 1s present
clubbing may be absent or late in appearance

Symptoms are numerous and are marnly referable to the cyanosts
Many cases are without dyspnoea at rest but the least exertion may
provoke extreme breathlessness with intensification of cyanosis
Dyspnoea appears to be proportional to the severity of the anatomical
defect and its degree may mould the whole of the patient s life Some
cases can play but never with the vieour and abandon exhibited by
thetr fellows In others mere change of posture provokes ntense
dyspnoea and for them hfe 1s a case of existing rather than itving
Helen Taussig observes that the child with the tetralogy when ex
hausted by exertion assumes a squattiag position and beheves that
such a posture 15 an mmportant diagnostic point  Exertion may also
precipitate attacks of dyspnoea of suffocating intensity and stmilar
attacks may arise unexpectedly without apparent cause The essential
features of what the patient may term an attach are increasing dys
pnoea termnating 1n asphyxia when the patient goes black and foses
Convu! of the lmbs occur and the
me observers have noted 2
becourt (1925} showed that

¢
attack may have a fatal termination So
siplanty to Stokes Adams seizures and Nol
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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 1n 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 oceurs 1n 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 forth as to the h 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 2t 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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;ngle of the left scapula Conduction of the murmur mto the neck has

eig uéged by Laubry and Pezzi (1921) and others s ¢ caprtal potnt
In the diagnosis of the tetralogy and as a point of distinction from the
Enurmur of 1solated pulmonary stenosts but this 1dea 1s not tenable

onduction mto the neck 1s due to dextroposition of the aorta and
should be compared with the relativ ely rare transmission of the murmur
m the 1solated ventricular septal defect Rarely the murmur 15 entirely
absent this being likely n pulmonary atresta or where a large septal

-
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TiG 69 The electrocardiogram in five cases of the tetralogy

defect 15 unfavourable for the production of any murmur 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 prominent In the tetralogy hypoplasia of the
pulmonary artery anatomically consists of a long tube of parrow
calibre rather than the sudden constriction and then widening of &
pure pulmonary sterosis which latter 1s so favourable for the produc
tion of a brut Bard (1921) was of the opimion that the large septal
dufect was the principal factor causing the dimunttion In the ntensity
of the murmur A large defect allows blood to pass along a new rout¢
with lowenng of pressure 1 the nght ventricle and hence & lower
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pressure of blood entering the hypoplastic pulmonary artery A dn
stalie murmur may occastonally be heard and 1s due either to comnc
dent aortic 1ncompetence from a large aorta or to 1 patent ductus A
conttnuous murmur betohens a patent ductus artertosus

It 1s often stated that the pulmonary second sound 1s reduced or
absent mn the tetralogy This 15 not the case for the second sound is
generally audible and 1s at least as loud as the aortic second sound and
m many cases louder If the pulmonary second sound 1s reduplicated

o
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Fic 70 Tetralogy of Fallot Female aged 6 years Marked
Tight axis with 2 to | block

1t suggests the presence of two functioning vessels A loud second sound
to the nght of the sternum may owcur when there 1s considerable
dextroposition or a night aortic arch

ELECTROCARDIOGRAM Right axis deviation of moderate or marked
degree 15 found 1n every case of the tetralogy (fig 69) unless complicated
by dextrocardia or gross conduction defect Thus the finding of
normal or feft axis deviation 1n a cyanotic case 1n the absence of these
complications should exclude 4 diagnosis of the tetralogy While the
most extreme degrees of night axis deviation are found in the tetralogy
the ventricular complexes are not mmvariably abnormally tall The
P waves are often high and pointed especially in le.d 2 Conduction
defects occur as in other cases with interventricular septal defects
Fleming and Stephenson s (1928) case showed complete heart block
(fig 70) Bundle branch block and left axis deviation was present in the
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'claese ?f C_z}lo (1937){Th;T waves may be increased 1n amplttude and 1
galive T wave of right ventnicular hypertrophy was present 1 lead
21 Segall s (1933) and other cases P
RaDIOLOGY There has been considerable drvergence of opinion m
regard to the radiological picture only clarfied by increasing chnieal
experience Iaubry and Pezzi (1921) stated that there was but little
difference 1n the picture of pulmonary stenosis whether the septum was
open or closed Laubry (1930) Iter thought that prommence of the

A

Fic 71 The tetralogy of Fallot with right sided aortwe arch

left mddle arc was less frequent in the tetralogy than in 1solated
pulmonary stenosts Assmann (1928) noted a4 concavity at the site of
the pulmonary arc and figured three cases with autopsy control
Bedford (1929) stated that the characteristic radiological prcture 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 Blickford (1930) fike
wise commented upen this concavity Papp (1931) considercd the

to be fly radiol 1 and based upon the signs of

Assmann and Bedford
1t mught be d that a d p [ abnormality ing
onary conus and artery would be accompanted

hypoplasta of the pulm

by a concavity or at least an absence of the prominence caused
normally by these structures This 1s 1n accord with the observed facts
and the degree of concavity 1s perhaps 1n part determined by the
seventy of the putmonary obstructive leston The only exception (0
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such a statement 1s that oc Ily the conus 1s suffi ly hyper
trophted to form a bulge on the left cardiac border slightly lower than
that of the pulmonary artery (Usomoto 1925) A simtlar case has been
fizured by Bedford (1929) In the case of White and Boyes (1932) a
dilated actrvely pulsating pulmonary artery was observed duning life
and a diagnosis of patent ductus artertosus with infective endocardutts
was considered Autopsy revealed a typtcal example of the tetralogy
with pulmonary artenis which latter had lead to dilatation of the
abnormal vessel I all these various potnts are taken 1to constderation
1t 15 understandable that some natural confusion may have ansen mn
regard 10 a completely charactenstic picture of the tetralogy

The heart 15 most often normal fn size or even smaller than normal
and gross enlargement militates strongly agatnst a diagnosis of the
tetralogy It may be slhightly enlarged to the left from right ventricular
hypertrophy and then assume a silhouette with a blunt apex shightly
raised above the diaphragm the coeur en sabot This picture occurs
1 but half of the cases A right sided aorta 1s present in about a quarter
of the cases and its recognrtion may be of constderable surgical
importance (fig 71)

The middle arc of the left cardiac border shows varyin, degrees of
concavity this being most hikely to be marked 1n pulmonary atresta
or 1n high degrees of stenoss (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 posttion there 1s a larpe 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 condiion of the lung roots 1s of the utmost importance
Fi shows & hed or absent pull In an 1
case 1t 15 posstble to demonstrate more pulsation on the left side than
on the nght due to the presence of a patent ductus arteriosus Like
wise 1 a few cases a well developed collateral circulation may give
lar appearances that are almost normal in regard to size but close
scrutiny shows the shadows of a nodular appearance vanable according
o the 1 of the 1 A peppered appearance 1s rather

tic of this Correspanding to the divinution sn
the pulmonary blood flow there 1s an mncreased translucency of the
lung fields a pont of major importance Pulmonary congestion excludes
the tetralogy There may be indentation of the barwm filled oesophagus
by the vessels of a collateral crrculation

While 1t 15 possible 1n the large majority of cases to arfive at a
correct diagnosts by these conventional methods 1t may be necessary
to resort to angocardiography mn a proportion of cases This sperial
method will give added nformation about the blood vessels that may

o
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Fic 72 Pulmonary atresia Chald aged 5 Pulmonary trunk

a fibrous cord The patient died after a Pott s operation
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be used for antstomottc procedures The pulmon iry irtery can nearly
always be seen except in atresia but therers del vy mnats filling dependent
upon the seventy of its stenosts A shunt from right to Wt fills the
dextroposed aorta at two seconds The relatnve densities of the aorta
and pulmonary artery shadows s a clue to the magnitude of this shunt
and the seventy of the stenosis The pcrsxs(:nt translucency of the lung
fields 15 the best 1nd| of a defectve p y carculation The
radiokymographic examination may also be valu:\ble

COURSE AND PROGMNOSIS Many cases die in nfancy particularly
lhosc with pulmonary alresm where closure of the ductus before the
circulation may precipitate
death Theress a runher peak of mortality at puberty Subsequent to
this the numbers gradually diminish so that but few attain early adult
Iife and fewer sull reach a greater age

Bacteial endocarditis may claim a certain number of vicims but
its neidence 1s not high compared with other groups The sites espect
ally nvolved are the conus of the pulmonary artery or the artery itsell
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 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 Lews and Beattie (1923) collected eght 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 ranity of heart block 1n the cyanotic
case where the interventricular <eptal defect 15 unusually large has been
a matter for Pulmonary t 1s not
despite frequent statements to the contrary Death may occur ip an
asphywal attack or from intercurrent disease The average age at death
where there 1s pulmonary artery hypoplasia 1s 12 yeats When pul
monary atresia 1s present life 15 generally short ned and the average
age at death 15 5 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 musician who
attained the age of 59 Bramlik s (1937) case survived to the age of 62

Diagrosis The tetralogy has to be dAs!lngulshed from other types
of heart disease ace d by cyanosis For practical
purpases 1t 1s possible to exclude those cases where cyanosis develops
late or as a termunal event as 1 the mterauricular septal defect the
ssolated patent ductus artertosus or interventricular 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 usuilly result 1n death
before the age of three Unquestionably 1n the cyanotic congental
heart c1se surviving beyond the age of 3 the tetralogy 1s numernically
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 70 per cent of cyanolic cases sunvving 1nfancy 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 drlated 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 n 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 sertal radiograms over a period of time show
progressive 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 mn the posternior antertor view and the position 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 1n diagnosis 1s 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 accompanted by but shight
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 tholl and loud systofic
bruit Hilar pulsation may be present or absent and the electrocardio-
gram commonly shows only a shight night axis or even a feft a)rus
1t may happen that n a few rare cascs there may be pu mon:l;y{
stenosis with a ventricular septal defect but without de(trgpcséfl'onn
the sorta Such cases are cyanotic and may Iive to a considerable 3
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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 Stmuth 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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adequite blood volume to the pulmonary circulatron This 15 not the
place to discuss actuat surmcal technique” and for details the reader 15
referred to the onginal papers Suffice 1t to sav that in the Blalock
Taussig operation the incision 1s made i the third 1t spacz on the
stde oppostte to that on which the aorta descends Despite the extreme
cyanosis of the patient the operation mvolving the temporaty shutfing
off of the circulation to one lung 1s remarkably well tolerated The
Blalock Taussig operation 1s attended by 1n overall mortahty of about
14 per cent Hofmes Seftors (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
mcreasing the blood supply 1o the fungs applicable to those cases
where valvulotomy or anastomotic operations are impracticable or
madvisable Their operation aims at the production ot vascular pleural
adhestons and with this i view the pleural cavity 1s opened and the
parietal pleura 1s 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 operatton 1s performed
first on one side and at a fater date on the other In another type of
operation a pulmonary omentopexy fas been done Such procedures
have resulted 1n 1mproved exercise toferance diminution tn cyanosis
and other ¢linical improvements The artenal oxygen saturation has
been creased 1n several of the operated cases

Effects of Operanion 1t should not be supposed that the operation
15 a complete cure of the condiion for the anomalous structural
changes still remain with the addition of an artificial ductus arteriosus
The 1mmedtate effects of operation are a great chnical improvement 1
the patient There 1s a marked decrease 1n polycythaemma with an
wncreased oxygen saturation of the arterral blood This latter never
reaches the normal level of 96 per cent because of the overniding aorta
but figures from 70 to 85 per cent are attamned Thus children “}'w
could only walk a few yards and then with great distress may walk

tter the operation
fmll‘ig;l:zka(wﬂ) haspoperalcd upon 474 patients with eighty six dca;'r,l:
from 2ll causes including errors 1n diagnosis The table gives o
results according to the vessel employed to make the amslomﬂsam
not one of the cases where the subclavian was used has there r}\he
difficolty with the airculation m the arm Neither has the u:fdobeen
ominate artery with its implted ligature of a common caro .
ina ctal to the cerebral circulation asrﬂ;\'l!h( h‘;:;
weakness or paralysis of the con!

bl almiglefﬂlihft‘oo:; lsl‘:sl c;:?::;tp‘ea::d ot \ar';;:l) {l:a(:d up 10 ng
Z{t:rsﬂl;at survived operation and cerebral lesions due to tschaem:

as permanently prejudy
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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




202 CONGENITAL HEART DISEASE

might conflict as to the desirabtitty of operating on 2 case where a ductus
Arter1osus remains patent owing to the alterations In pressure gradients
occasioned by operation

TABLE SHOWING RESULTS OF OPERATION ON CYANGTIC CASES
BLALOCK  INTERNATIONAL CONFERENCE PHYSICIANS LoNDON 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
End to side 47 3 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 rarc
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

PatHOGENESIS 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 inter
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 pulmanary artery dilatation In the case of Blechman and Pauhin
(1922) Stewart and Crawford (1933) adduced histological evidence O}:'
a syphilttic process as a possible cause of the cardtac anomahies Wit
secondary pulmonary arterites to explamn pulmonary artery dilatation
Taussg and Semans (1940} case also presented old healed mfcctl\:
Jestons The balance of evidence suggests that the presence of infectsy
processs 1s the result of the congenttal lesion rather than the c:xuseme

A~ATOMY There 1s a high ventricular septal defect antertor (0
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membranous septum and it ts of similar character to and bas the same
smooth fleshy margw as in the tetralogy {fig 74) The aorta s dis
placed to the nght to a vanable extent and overrides the septal defect
The coutse of the aorta 15 normal as t rule but a tew cases show a
nght aoetsc arch It 1s not uncommen to find deformty of the aortic
cwps with h g aortic The cusps may be
wnequal 1n size the cusp smmedhately above the septal defect bemng the
targest The pulmonary attery may be normal in size or larger than

Fi0 74 The Eisenmenger complex Child aged 2 died of
pacumon 3 Paimonary arery enlarged and the aotta hying
astride a fugh veatrculae sep af defevt

normal_and 1s found i its usual posstion The mght ventricle shaws
signs of hypertrophy and dilatation and stmular changes of lesser
decree may be present tn the left ventncle The conus of the right
ventricle 1s often largy and thick watled Calerfication may be present
s the pulmonary cusps as tn the case of Stewvart and Crawford and
i the left pulmonary artery n 3n unpubhshed case of Hubble
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Bacterial endocarditis of the pulmonary valve and pulmonary arteritis
occurred 1n the cases of Abbott (1927) Millman and kornblum (1936)
and Bedlord and Parkinson (1936) In the latter case there was a nght
aortic arch In the case of Talley and Fowler {1936) there was a general
hypoplasia of the aorta involving its entire length Cases with shight
dextroposition may be indistinguishable from the 1solated ventricular
septal defect

Cunicar PICTURE The factors 1n the production of cyanosts 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 chanses
i the lungs induced by an excessive pulmonary blood flow or as
thought by some due to congemtal abnormality of the pulmonary
endothelum In the bulk of cases cyanosis 1s muimmal or absent for
many years It tends to appear towards puberty or later, and 1s moderate
n amount with negligible clubbing Cyanosis may also be episodal and
related to exertion emotion or intercurrent mnfection Perhaps too
the age at which cyanosis appears may be determined by the degree of
dextroposttion of the aorta for if 1t lies nearly wholly m the night
ventricle the chances of cyanosts are greater than when dextroposition
1s anly slight 1n degree Dyspnocea 1s always more obvious than cyanosts
1n the eatly stages Haemoptysis may occur Baumgartner and Abbott s
{1929) case showed hoarseness culminating 1n aphonia due to pressure
on the recurrent laryngeal nerve bv the hypertrophied conus of the
right ventricle The heart 1s only shghtly enlarged There 1s often pul
sation 1 the pul y area wath 1 d lic shock ndicative 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 night and left 1t 1s not
heard 1n the neck vessels but may be heard 1n the interscapular region
A diastolic bruit of pulmonary 1ncompetence may be present Aortic
mcompetence may be associated Both systolic and dtastolic thalls have
been reported

RADIOLOGY The characteristic feature of the radiological picture 1s
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 voung children In older cases the ape« 1s blunt and
ratsed above the diaphragm The hilar shadows are Increased owing to
the dilated pulmonary branches and vigarous pul s present o8
the screen  The shadow of the aorta ts more to the right thanis normal
The picture may fesemble that of the mteraunicular septal defect but
there 1s not the gross enlargement of the latter abnormality Asin "”“;
cases of cyanotic or other congemtal heart disease the radloIOLithﬂ
examnation plays an mtegral part in diagnosis Livewse 2 10 8 it
forms of congenital heart disease 1t 13 posstble to have a] rii]d“;mi -
ecture that s not truly charactenistic and which 1s of little
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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

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

middle 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 15 not good 1n those
cases that develop cyanosts early

DiaGNosts The salient features of the Eisenmenger anomaly are that

ture of an
sis tends to appear late and the radiological pic
pbvine A y arteries 1s character

enlarged pul arc with pul pul

1stic gUndoub!edly :;h: diagnosts may be very difficult at umes ami(::g
arrived at by 2 process of elimination in which all the accessory g;crtenal
of examinatton may be necessary The presence of a vcno;mh o
shunt may be demonstrated by a reduced ciceulation ;"rnfi “u[manary
at the same time tend to exclude the diagnosss of 1sg ao? ‘chh ey
stenosis  of 1solated ventricular septal defect botl o e the
present a comparable chntcal picture In 2 frankly ¢y
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dmcnosxs aof lhe mm]ogy 1 \m:nrd by the prummcnt pulmonary are
and hia septal defect may be
suspcd:d “but the E(scnmengcr znomaly 15 not accompanted by the
small aorta of that condition  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 sentneelar bload 15
markedly lmgher thaa that from the night aunicle
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(fig 77) Atresia 1s present at the orign of the aort1 and hypoplasia
nvolves the vessel as far as the entrance of the ductus acteriosus The
coronary arteries anse at their usual situation yust 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 wnflammatory
cases there may be a minnte passage from the left ventricle to the aorta
The pulmonary artery 1s enlarged and continuous with a widely patent
ductus arteriosus The left ventricle may exist as a smail cavity in the

Fic 78 The heart i aortic atresia Note the thickened peatly
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 ventticular septal defect communicating with a small left ventricle
In some inflammatory cases the left ventricle has been hypertrophie
and dilated The pearly white endocardium of :ndoc::,rdml U‘uc‘kcnmst
may be present 1n both the 1nfi ry and the d P r,;]p;c
1t appears from the published cases that the ventricular septum c‘a“m
entirely absent or it may be defective or quite normal C{“‘;I;"?}
was present 1n a case of Evans (1933} and 1n the case of Drey ussl .

CLNMCAL PIcTURE Extreme cyanosts with dyspnoea 15 the r:x ca s
may not be immediately evident at binth but desclops wit nm o
hours In cases with extreme aortic stenosts Cyanosis Is prese
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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 systolic
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 mutral valve may be narrowed giving nse to a mtral stenosts
which 1f congenttal 1s always accompanied by secondary hypoplasic
changes in the left side of the heart and aorta In many cases changes
1n the valves are 1n the nature of an aplasta and the chordae and
papilfary muscles are present In certain instances there has been
evidence of an inflammatory process as the probable cause as dsstinct
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 austculoventnicular orifice A severe mutral
stenosls may amount to a functional atresta and consequently there
1s some overlapping of the two conditrons

The mutral valve ts diffe ated from the end h of
the atrtal canal As develop P ds the cush grow down
wards and meet the muscular trabeculae of the ventnicular wall Further
changes take place whereby the muscult paptllares chordae and cusps
afe evolved During the phase of evolution growth may become
arrested and the further changes taking place in the heart are largely
In response to the altered hydrodynamic condition A narrowed mutral
valve entails a dimymished amount of blood passing to the left ventricle
and aorta and if stenosis 15 severe hypoplasia of these structures
follows Correspondingly an ncreased blood flow in 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 mitral valve The usual
Integrity of the interventricular septum suggests that its owcurrence may
be after the eighth week 1n many cases About half of the recorded cases
appear to be actual aplasta of the mutral valve the others showing
defimte evidence of a foetal endocarditis Field (1938} has collected
seven cases of congental mtral stenosts 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 1nterventricular septum and 1n two cases
tricusprd stenosis was associated Both cases with tricuspid stenosis
showed recent or old endocarditis of the mutral valve In at least three

»
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of the other reported cases (Fischer 1911 Kockel 1934 and Farber
and Hubbard 1933) the lesion was attributed to a foetal endocarditis
owing to disease of the mother 1n the later stages of pregnancy Each
of these cases had additional aoruc stenosis and the histological
evidence was confirmatory of an nfective etiology It thus seems
possibk. to recog a purely devel [ hypoplasia and an m
fective type both resulting 1n vanous degrees of abnormality of the
mtral valve

‘Pure Mitral 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 mutral stenosts occurring 1n young subjects
1n whom there are no signs of 1ncompetence and a complete absence
of a rheumatic history Included 1n this category may be some cases of
Lutembacher s disease (Chapter X) where mitral stenosts 15 associated
with an auncular septal defect In these circumstances mitral stenosss
has been held to be a part of a more complex congenital abnormality
mvolving disproportion between the aorta and pulmonary artery
Well (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 onigin the maladie de Vieussens so named after the classical
description of theumatic mutral stenosts by Vieussens in 1715 Vaquez
(1924) commented that none of the protagonists of a developmental
mutral stenosis had ever satisfactonily demonstrated the condition 1n an
autopsy of a newborn fant The conception of pure mutral stenosis
still lingers i France although increasing knowledge of the rheumatic
fe has graduall, placed the 1dea of a 1 etiology of
mutral stenosis 1n cases without rheumatic antecedents Analogy may
be found 1n the concept pure aortic stenosis again largely recognized
by French clinicians If 1t 1s admitted that these cases of aortic stenosis
are the result of an infective process installing itself 1n earliest infancy
1t seems likelv that some cases of mitral stenosts may arise 1 the same
way The relationship of mitral stenosis to the aunicular septal defect
1s discussed elsewhere
Indubitably there are a few cases of congenital mutral stenosis as
autopsy records show (Donnally 1924 Field 1938) but these are rare
and are more often combined with other congenital cardiac abnor
malities The presence of extracardiac malformation 1n a case of mitral
stenosis might evoke suspicion particularly 1 a young chld ol'ha
congemtal cardiac leston Such cases have been reported and';hf
assn;cm(mn laboured but 1t 1s unwise to draw any firm conclusion uc
Lutembacher syndrome 15 well known andits exampl{:sc;ue co:‘sjp;;\;‘l:‘;
by the frequent absence of any rheumatic history (McGinn a




VALVULAR STEMOSIS AND ATRESIA 213

1933 Bedford Pappand Parlunson 1941) The work of Roester (1934}
and others and more recently the resiew of Burrett and White (1945)
has emphasized that the mitral valves i cases of aurtcular septat defect
ate pecularly susceptible to infection and for this reason alone it 5s
unwise to always assume o congenttal origie of the matral stenosis
present

Donnally s {1924) case may be taken as the type of congendal migral
stenosts There was a funnel shaped baggy valve undifferentiated mto
cusps and its onfice measured 3 mm Papsliary muscles and chosdae
wete present The cavily of the left ventricls 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 zorfa This case exemphifies the marked changes in the Jeft
heart due to deprvy ation of the blood flow A congemtal mutral stenosts
15 figuted by Huchard (1905) and the valve is described by lum as
tesernbling a tunnel Its onifice measured 7 mm and viewed from the
hypertrophied left auncle the endocardsum of the orifice was folded
and resembled the anus It appears that the recogrition of a congenttat
mtral stenosis ts largely an the post mortem room and is dependent
not only upon the changes in the vabve stsell but also upon the
secondary changes i the left ventricle and aorta Lastly mention mught
be made of those cases of mitral stenosis associated with congenatal
syphsits Raynaud ef of (1939} mention twenty four such cases

Cimieal Picture Donnally teviewed twebve cases from the Intera
e Cyanoms and dysppots  comung on shortly after barth were
present sn ali the cases Cyanosis was present in four of Field s cases
Clubbing may be present in those cases that survive sufficiently fong
A defirute presystobc murmur was present 3n two of Freld s cases and
8 systohe murmur charactenized as loud or blowsng was present 1n the
others Eight of Donnally s cases died within two months and the
eldest survived to the age of 3 5 years In Field s sertes the average age
at death was 6 months with extremes of 4 days and 1 75 years Death
1s usually sudden

Matral Atresia

Mitral atresia 18 a quite rare congenstat abnormahty and only five
examples are mcluded sn Abbott s 1000 cases Manhoff and Howe
{1945) mention twenty eight reporied cases and add one of ther own

Atresia of the mutral onfice may be complate and lead to its actual
obhteration or 3 stenosis of the onfice may be s0 severe as to amount
to functional atresia The term mtral aplasia sometemes apphed to
these cases 1s nusteading because 1t 1s contrary to the actual process
wiveh Te3alis 1 the sromaly Aplasia should only apply to those cases

where the smitral valves are small and underdeveloped and the valve
mcompetent
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In complete atresia arrest of development takes plice at 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 division of the atrioventricular canal by
fuston of the antertor and posterior end dial cush the cush
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) susgests 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 ly 15 a malp
and rrregular union of those parts of the cardtac 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 ostum might 1nihate 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 Agamst the
hypothests of a malposed interventricular septum is 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 mutral atresta 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 diminished 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 obhterauon of
the nght stded aorta a normal sized or atretic 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
n one group of cases there 15 aplasia of the left
asia of the aorta Hypopfasia of the aofta may
be extreme to the point of atresia r]‘r;‘olh:;a\sccssslcl;,crc 15 dextroposition
c
o cvenﬂzi{);ﬂizl‘fri?f&f; “oofnﬂ:c ]csmgn reflect the altered crrculation
ln’{l‘\‘: heart The stream of blood entering the left auricle 15 deflected

and great vessels L
ventricle and hypopl
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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 abnormality anses 1a malposition and iregular union of those
parts of the cardiac septa dmding the mitraf from the trecuspid ostinm
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 thickeming of the endocardium night and left endocardial
cushions are formed from which develop the trcuspid and mutral
vatves The developing mterauricular septum joins with the muddle
part of the fuscd anterior and posterior cushtons and the developing
mterventricular septum joins the night postertor endocardial tubercule
causing some narrowing of the right ostium This 15 only temporary
for fater the interventricular septum 15 rotated so that its antertor part

VS pt 1 dehct

Fic 79 Diagrams of the heart 1n tnicuspid atres:a with an
ln(encnlslcuhr 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 atral septum It seems likely that in tnicuspsd
atresta normal rotation of the interventricular septum fails and the
nght ostium 1s compressed and finally obliterated The associated
ventricular septal defect 1s a true defect and represents fatlure of umon
between the bulbar septum and the ventncular septum owing to lack
of rotation Similarly the frequent comncidence of pulmonary nucsul\
and pulmonary conus stenosts suggests fatlure of torsion and uncqua

dvision of the bulbus and trupcus Trcuspud atresta has samcun;?s
been aseribed to the effects of a foetal endocarditis and occa;!onahi'
B o b e e o rcwomd ihe 1 smooth

e site o

leafets Mu;};anmcm:r frr::;[;c:ﬂnr srnuscular tissue tn which no sugeestion
g?:?;i:l‘::nslruclure can be found The occurrence of destroposinon
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of of complete transposition In many cases lends strength to a
developmental ongin

Assuming the atresta to anse at about the fourth week such abnor
malties as the accompanymng patent foramen ovale or persistent
ostium secundum  patent ductus arteriosus hypoplasia of the pul
monary tract are really secondary abnormahties determimed by the
need of a cieufation to the lungs on the ome hand and by altesed
dynamc changes 0 the blood flow on the other The extent of these
secondary defects determines whether the heart will function as a
brlacutate or trifoculate heart

Anatowmicat Features The distmction between a developmental
and an nfective etiofogy 15 usually apparent on microscopieal examna
tion 1f not on the naked eye appearances Atresia the result of infection
15 shown by scarnng of the cusps and of the adjacent endocardium and
by the presence of chordae and papitary muscles tn the night ventricle
In the devel 1 cases the are quute different and
cases may be disided sato two groups those where there 15 an 1solated
atresta and those where there 1s some anomaly of the great vessels such
as dextroposition of the aotta or complete transposstson In Brown s
(1936) case an elliptical deprassion marked the site of the tncaspid valve
figs 79 and 30} The right auricle was hyperttophied and the right ven
tricle existed as & small cavity the size of a hazel nut There was no trace
of the valve appendages s the nght ventricle The left ventricle was
hypertrophied and there was a small mterventricufar septal defect
benzath the non coronary cusp The pulmonary artery stself was thin
watled though of normal calibre and arose from the dimmutive cavity
The pulmonary conus was dsffusely narrowed This case 1s 2n example
of that group m which there 15 a smalk dlood flow through a narrowed
pulmonary tract In an unpublished case of tucuspid atresia and
pulmonary atresia there was no between a Y
artery that existed as a fibrous cord and the right ventricle blood
reaching the fungs through a patent ductus artetiosus A stmtlar case
15 that of Holder and Pick (4939} In the case of Manhoff and Howe
{1945) there was frank dextroposition of the aorta and complete
pulmonary atsesta co ewisted Dustin and Denolin (1946) reported a
case with complete transposition of the great vessels the aorta i this
case springing from & shit ke night ventncle

A complete transposition of the vessels 18 a favourable circumstance
as shown by the case of Hedinger {1915) a woman who led an actve
athletic hfe and survived uatd the age of 56 Presumably prolongation
of fife was due 1o the postion of the pulmonary artery sn the left
ventricle which [ d an adeq i 'y blood supply In
this case eyanosis was not a promnent feature unti the termanal stage
Cathata and Tisserand (1926) have reporied the only case i whech
there was no interventricular septal 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 tr: d there may be pul! y artery
narrowing or atresia In the case with pulmonary atresia the urculation
to the lungs 1s mantained through a patent ductus arteriosus

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

-

i

A emtamer®”

1y
Ic has been opened and an arrow points to a yen
(a) Theaplastic npht ventricle b O e fect

Fic 80 Tricuspid atresia Female child aged 7 month

[
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septat defect there must exist 2 low pressure m the pulmonary artery
and therefore such a case 1s Iikely to benefit by an anastomottc opera
tion 1n the other type of case where a pulmonary circulation 1s assuted
by a patent ductus artertosus there Will be a hugher pressure system in
1he pulmonary artery and it 15 dublous whether there would be 2
sufficent pressure gradient to assure 2 flow through an arificially

AN S

ib) fmenor of the nght auncle Dupression at sie of the tneuspid vghe -
Foramen ovale open
matkedly cyanone with a normat aus 1 the electrocard ogram
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In tricuspid atresta it 1s evident that a reduced pulmonary blood flow
may be the result of either 2 narrow ventricular septal defect narrowing
of the pulmonary conus or actual atresta of the pulmonary artery
Even when the vessels are transposed there may be pulmonary artery
narrowing ot atresia In the case with pulmonary atresia the circulation
to the lungs 1s maintawned through a patent ductus arteriosus

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

sttt

sentrt
c tight ventricle has been opened and an arrow poiats toa

(o) The aplast cular septal defect

h
Fic 80 Trcuspid atresia Female chitd aged 7 mont
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mevitably have pulmonary stenosis and a defect allowtng a shunt bas
pethaps coninbuted to this As some of the cases sunie for a con
siderable peniod and are possible candidates for surgical rebief the
chinieat features are worth careful consideration The presenting feature
1s cyanosis of variable degree with corresponding clubbing of the fingers
1 the older cases Cyanosts generally exssts from birth and 15 enhanced
by movement sucking or emotion but cases are on record such as the
recent case of Dustin Henty and Dustin {1947) where cyanosts was

Fic 82 Tricuspid atresa Child aged 7 months

ot evident until the child was several weeks old Cyanosis 15 hkely to
be late n a case with transpostton of the vessels There may be fre
quent attacks of paroxysmal dyspnoea which come an quite suddenly
last an hour or two and then cease spontaneonsly These attacks are
not sehieved by the mhatation of oxygen

Polycythaennia 1s always present The heart 1s enlarged to both the
night and left and the apex beat s formble A systolic murmur may be
present in the bulk of cases and s best heard in the second and third
left space close to the sternum It may only be present from time to
tme and not necessanly constant to the mdividual case Tawsnig (1936)
states that it 1s due to flow in a patent ductus artertosus It might also
anse at the intenientricular septal defect Duning attacks of cyanoss
accompanied by severe dyspnoea the murmur may disappear In a few
cases no murmurs have been heard at any tsme

RapIoLoGY The X ray picture discloses a rather globular enfarged
heart The convextty of the right border corresponding to the nght
auncle 15 exagperated The YR border 15 well rounded and has the
appearance of left ventricular hypertrophy (fig 83) Owing toabsence of
the pulmonary conus there §s a concave pulmonacy are In the left
antenor oblique positon (fig 84) the night ventticle 18 seen to 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

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
cardiogram should be adequate 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
Congenital 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 aorty Pulmonary msufficiency as an
1solated anomaly 1s exceedingly rare and it may artse m several ways
Unequal duviston of the common artenial trunk has been described as
a cause Defective formation of the pulmonary artery or an absent or
defective cusp may also gve nise to nsufficiency In another group
ante natal endocarditis involving the pulmonary valve may give rise
to stensosis and incompetence Despite the not infrequent finding of a
pulmenary valve of funnel shaped appearance owing to fusion of the
cusps and the apparent 1mposstbility of such a valve fo completely
«lose a diastolic murmur 15 rarely heard Another underlying cause of
pulmonary insufficiency 1s a supernumerary pulmonary cusp Kissin
(1936) states that m the lterature 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 mcomp The 1 features of
the supernumerary cusp vary from case to case and 1n many cases 1t 15
deformed and fenestrated

CLINICAL FEATURES The chinical signs are a diastolic murmur 1n the
pulmonary area and along the left sternal border unaccompanied by
the changes 1n blood pressure or peripheral signs of aoriic incompe
tence The heart muy be shghly hypertrophied but gross enlargement 1s
unusual The X ray shows a mutral configuration with a prominent
pulmonary arc and this 1s well shown i Kissin s case

COURSE AND PROGNOsIS The average age at death 1s 40 with ex
tremes of 5 months and 80 years

DiacnNasis The chief difficulty in d lies 1n the resembl;
of the heart signs to the Graham Steell murmur of mutral stenosts and
the stmilanty of the radiological picture to that of mutral stenost
Differentiation 1s posstble 1n that the signs of mitral stenosis are absent
there 1s 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

Congemtal tricuspid 1nsuffictency 1s 1 more serious condition than
pulmonary 1nsufficiency and may occur alone or tn assoctation with
tricuspid stenosts

Trcuspid stenosts and atresta have been discussed above and thewr
ongin as the result of inflammatory or developmental processes con
sidered There arc other anomalies of the tricuspid valve Incomplete
differentiation of the cusps may occur There may be an increase In the
number of cusps or the cusps may be involved 1n a congenital hyp;)
plasia (Anel 1930) The cusps may be reduced 1t number %o c:sy
being present n the cases of Hotz (1923} Palladino and }\mincy {1948)
have described two cases one aged 34 1n which the septaf cusp was
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adherent to the ventricular wall by bands of endocardial tissue and
abnormally short chordae tendinese were present A displacement of
the valve downwnards mto the right veatnicle was desersbed by Ebster
{1866) and this penerally ocowts 1n an otherwise normal heatt Itisa
rare abnormahity and there are twelve reported cases The mothd
appearances of such 8 heatt are stnking becawuse the kine of attachment
of the valve ts roughly vertical instead of sts usval transverse e The
result 15 that the night nide of the heart 15 so divided that a large part
of the nght venitwle functions as 2 part of the nght autscle The
antersor cusp always reains its attachment to the annulus fibrosus at
any rate m part and 15 usually the fargest cusp present The postenior
cusp has usually ro connection with the annulus but 1s attached to the
walls of the ventncle The septal cusp tends 1o be smalf and under
di ped Conseq: upon the ab Iities of the cusps there
ate vanations 1n the postion and size of the papiilary muscles of which
some may be absent and chordae only present The true aunculo
ventricular onfice 1§ dilated and the malformed valve wcompetent
The night auricle and part of the oight ventocle ate grossly dilated The
pulmonary conus and artery may he bkewse dilated A patent foramen
gvale has been associated 1 af] but two of the reported cases but other
anomalies other than those of the venous salves are rare A recent
case 1s that of Brekke {1945)

Cunicar Picture The chinical features are of anterest and vary to
a Cerfam extent with the ( cause of in the
Ebstetn anomaly ¢yanosts may depend upon the amount of blood
passing through the foramen ovale and upon the volume of blood
entening the pelmonary artery Cyanoss may thus be only shght
although st has been marked i certain of the reported cases Clubbing
depends upon the degree of cyanoss present The heatt 1s enfarged and
there 15 often 2 loud systolsiec murmar 1a the third and fourth left spaces
close to the steraum A presystolic or diastalic murmur may be heard
al the same site A murmur was not present in Brekke s (1945) case
A thnil may be present  Extrasystoles and paroxysmal tachycardia
are common At a latet stage when flure develops the classieal signs
of tncuspid sncompetence appear There are distended neek vains an
entarged and pulsating Iner and passive congestion ©f the visgera
Hotz {1923) descnibed weaknass of the left pulse due to pressute on the
aoriw asch by an enlarged pulmenary avtery and paralysis of the left
recurrent faryngeal nerve for a sumitar season

In trcusprd msufficiency due to causes other than that of the Ebstewn
type the duration of bfe 18 useally relatnvely brief and the signs are
mote marked Cyanosis of moderate or marked degree may be present
together with proportional clubbing but these may be absent There 1s
a presystohic mesocardl murmur and accompanying thrll  the
maximum sntensity of these Bgns being a little to the left of the sternu

. "
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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 veins nd perhaps an
enlarged pulsating Iver Enlargement of the heart tends to be greater
1 these cases than 1n the Ebstemn type

There 15 no certam 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 characteristic picture so far
defined of the Ebstetn anomaly The heart 1s enlarged to right and left
and there 1s considerable enlargement of the right auncle In some cases
there s massive eplargement of the hear! as n the case of Abbols {1936)

ELECTROCARDIOGRAM Few electrocardiograms of Ebstetn s anomaly
are extant Right axis deviation 1s usually present and widening of the
QRS common There may be right bundle branch block and arrythmtas
are common

COURSE AND PROGNOSIS In Ebstein s disease the prognosis is better
than in the other types Cyanosis may be late tn appearance and the
condition 1s not incompattble with long ife The average age at death
1s about 25 years but the age of 60 has been attaned 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 15 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 du:\opmem of the cardiac septa and are rare Most
cases are four ¢k d 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 vemn entered the supertor vena cava and the
right pul y vein was rud y D 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 arises the aorta
or pulmonary artery or both 1n normal or more frequently transposed
relationships An example 15 the case of McCrea (1927) a cyanohic
child of 10 weeks 1n whom there was a single ventricl, transposed
great vessels and a patent foramen ovale Such cases mostly die early
in ¢hildhood but a few attain early adult ife Again 1n nearly all the
reported cases there 1s some vestige of the interventricular septum
especially 1ts postenior portion

Fio 86 Heart from a child who survived for a few hours An anomalous

ventricular septum cuts off 2 small anterior ventricle from which anses

the pulmonary artery Two aunculoventticular onifices open into the farge

postenior ventrcle This beart may be classified as a type of cor biatriatum
niloculare

The most 1mportant type because It may be chintcally recognizable
and 1n some cases amenable to surgery 1s the single ventricle with 2
rudimentary outlet chamber 1 one or other of its vartable form‘s
The common denominator of this group of cases 15 4 single veniricle
wto which both auriculoventricular ostia open and a rudlmcnf;;y
outlet chamber separated from 1t by a ridge of muscular tissue dle
aorta or pulmonary artery or both vessels may arise from the ru
mentary chamber 1n normal or transposed refationships o the

In the development of the heart tlhe ndge mtgrv:‘mng Ec““lcv: L

ordss and ventricle disapp
‘\]:\\:, \l‘;einicnenmcuht septum begins to develop and partitionng of
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the truncus occurs Ordinarily only the amterior part of the bulbus
persists as the pulmonary conus but in this abnormality the bulbus
cordrs persists and 1> represented by the rudimentary cavity At the
same time abnormalities occur i 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

(1) Single ventricle with rudimentary outlet chamber from which arises
the aorta and pulmonary artery

Good examples are the two cases of Taussig (1939) The first an
infant of four weeks with persistent cyanosis emphasized by crymng
The nght auncle was greatly enlarged A deformed trcuspid valve
and a mutral valve opened mto a large single ventricle At the sute of
the pul 'y CONUS Was a T 'y chamber sep d from the
large vertricle by a muscular ndge This chamber gave nise to a Jarge
aorta The pulmonary astery was obliterated at its base and the ductus
arterniosus was widely patent In the second case there were attacks of
cyanosts The heart was shghtly enlarged There was a gross defect of
the aurrcolar septum so that there was virtually a common auncle
divided by only a strand of tissue The two aunculoventricular valves
opened nto a single ventricle A rudimentary cavity existed at the site
of the pulmonary conus and was separated from the common ventricle
by a muscular ndge The aorta and pulmonary artery arose 1 trans
posed relationstup from this diminutive chamber  The ductus was
closed

(2) Stgle ventricle recerung bath aurtculoventricular orifices Aorta
Jram single sentricle and pulmonary arters from the rudimentary chamber

These cases are rare (fig 86) The first case was descnibed by Holmes
{1824) 1n a male of 22 and remained umque vnti the case of Drey
Strauss and Gray (1938) This latter case agirl of 14 presented cyanosis
and clubbing and died of a cerebral abscess The right auricle was dilated
and hypertrophied and both mitral and tricuspid valves entered a
single ventricle The aorta arose from the posterior part of this single
veniricle and was somewhat narrow in calibre A rudimentary cavity
n the feft antertor wall of the single ventricle gave ongm to a pulmonary
artery and communicated by a small opemng with the Iarger ventricle
In a personal case a cyanottc female child of 10 preseated a left
axis 1n her electrocardiogram and an X ray picture which closely
resembled that of the tetralogy (fig 87) An anastomotic op=ration
was performed and the child died post operatively The post mortem
disclosed a common ventricle 1nto which both auriculoventricular
orifices opened There was a d chamber ating with
the large ventricle by means of a vety small mt.rventricular septal
defect The pulmonary artery arose from thts 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 dimautive 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 3
small hvpoplasic left ventricle burted i the musculature of the C)u")‘
mon ventricle may be missed unless a careful search 1s made Sl)m().(ifd}'
with tncuspid atresta a hypoplasic right ventricle may be over! Dt:)s :“
and 1t may be assumed that the tnterventricular septum is absc



TRILOCULATE AND BILOCULATE HEARTS 231
Even 1n those cases where thete 1s 2 \entricular septal defect 1dentifica
tion can be made certain because 1 the group of anomalies under
discussion both auriculoventricular onfices open into the single
ventricle and mn mutral and tricuspid atresta the corresponding artery
1s hypoplasic or atresic Favonte s case a boy of 18 presents certam
unusual features (fig 89) Both aurcles communtcated with a large
common ventricle the pulmonary artery which was dilated and caused
death by rupture arose from the common ventricle A transposed and
hypoplasic aorta arose from the rudimentary chamber

Fi 88 Single ventricly with diminutive outlet chamber

The great vessels are not transposed A probe 1s placed

m the small foramen commumcating between the single

ventricle and the small outlet chamber An anastomonc
operation has been performed

CrinicaL PITURE Cyanosts may or may not be present the vartation
m the picture being due to the sitnation of the pulmonary artery and
the amount of blood that feaches the lungs When the pulmonary artery
takes origin trom the rudimentary chamber 1t 1s small and hypoplasic
and cyanasts tends to be severe 1€ however the vessels are transposed
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and the pulmonary artery arises from the single ventricle clintcal
cyanoss 1s absent or at the most very slight Theres however always
an increased amount of reduced haemoglobin m the arterial blood
Correspondingly an aorta ansing from the dimunitive chamber imphes
a reduced systemtc blood supply and thus 1s reflected 1 the frequent
under development of these subjects The heart 1s usually normal
size A systolic murmur may be present and heard widely over the
praecordrum

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 Duagram of cor biloculare (After Favorite}
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enlarged If the pulmonary artery arses from the common ventricle
there are prominent hilar shadows 1f 1t anses from the rudimentary
chamber the hilar shadows are minimal In the left anterior oblique
posttion the Tight 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 10
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
diagnoss 1s essential 1n those cases that are cyanotic so that they can
be considered 1n regard to surgical treatment Surgery can be enter
tawed for those cases where the pulmonary artety 1s small and artses
from the rudimentary chamber Where both vessels anse 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 in the left anterior obligue 1s not unlike
that found 1n tnicuspid atresia and this can usually be differentiated
by the left axis 1n the electrocardiogram In the cases where there 1s
no cyanosts theumatic heant disease as in the case of Glendy Glendy
and White may have to be excluded by the history and symptoms
Lastly a sample of blood from the ventricle and a sample of arterial
blood should have identical oxygen content if there 15 a single ventricle

ProGrosIs Abbott gives the average age at death as 73 years i the
thirteen cases that she collected

Cor Biloculare

A true cor bitoculare 1n which there has been no attempt at septal
formation 3s exceedingly rare and 1t 15 doubiful of 1t ever occurs 1n
the strictly anatormical sense heith (1909) and Wood and Willlams
(1928) have yet to see a true cor biloculare 1n regard to structure and
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they suggest that the term brloculare should refer to function rather
than structure

The cor biloculare represents the most primitive type of cardiac
defect and designates a functionally two chambered heart The
reported cases fall nto two main groups which may be arbitranly
referred to as lete or plete forms to the extent
of septal development The complete form may be further subdnided
into two classes depending upon whether there ts subdivision 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 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
y vemns Jnots lete form there 15 a persistent truncus
;ncnosus a single aunculoventricular onfice intervenes between 2

d ventricle and four auriculoventricular cusps are
hions of

common auricle an
present these latter representing the onginal undnided cus!
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the atnal canal Arrest 1o development takes place before the fourth
week that 1s before the appearance of the cardtac septa In a somewhat
more frequent type the truncus has been divided 1nto aorta and pul
monary aftery in the reported cases these are transposed In hugel s
(1932} case there were four auricufoventricular cusps The pulmonary
artery was atresic and posteriar to the aorta A nght sided aortic
arch was present and a patent ductus artenosus communicated with
a right and left pulmonary artery The pulmonary veins entered the

Fig 47 Cireylation 1n the functionally twochambered heart
(After Wood and Wilbams)

aurcle by a common trunk and there was a persistent left supenor
vena cava A hyperplasic custachian valve was present in this case as
1 the Cases of keith (1909) and Woed and Willams (1928) In Michel
son s (1943) case an 1nfant of three days there was 2 large right aurcle
and a small non functioning left auricle together with a latge ventricular
chamber Both pulmonary veins entered the mght chamber and
Intervening between the right atricle and ventuele was a poorly differ
entiated auriculoventricular valve A single artery emerged from the
common ventricle and this vessel was furnished with three cusps
Well above the cusps a single vessel was given off which divided sato
branches entering the fung on either side The main vessel continued
as the arch of the aorta with 15 branches

‘Transposttion of the vessels may be a favourable circumstance and
1n at Jeast one case that of Rudolf (1899) Uife was prolonged until the
age of 16 In Wood and Williyms case (1928) the sorta was dextro
posed pulmonary stenosis was present and the ductus arteriosus was
patent {fig 92) In kvans s (1933) untque case there was absence of the
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ascending aorta The aurtculosentricular orifice bore three cusps The
p Y artery was with the ding aorta from which
the four vessels of the normal arch took origin by a common trunk
The number of auriculoventricular wusps 1s subgect to varation and
they may be incompletely differentiated three as 1n the cases of Welss
and Michelson or five as 1 the case of Wood and Williams Anomalies
of the pulmonary vens are of commen occurrence Abboit (1927) con
sidered these to be the possible primary abnormalty Abnormal
pulmonary vemns are stgmficant wn the genests of nterauricular septal
defects Morphologically the partitioning of the auricle depends upon
the formation of a pulmonary ctrculation and disturbances of the
blood flow entering the auricle mght well lead to absent or anomalous
septal formatton The 1nfertor vena cava may be absent and i 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 primttive
and zarre prcture that 1t 1s quite unrecognizable during Iife and may
be the subject of contention atter death The poimnt must be made that
a biloculate heart 15 so fi Hly 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 mnterventricular septum The persistent ostum airo
ventriculare commune may be taken as the type and tins anomaly is
of Interest because of 1ts frequency 1n the mongol [ndeed of the forty
add cases reported at least half have occurred 1 the mongolian idior
Embryologically the anterior and postenior endocardial cushions of
the atrtal canal fuse at an early stage to divide the atnal canal into
mitral and tricuspid onfices Subsequently the cushions proitferate
upwards and downwards to assist in the closure of the foramen primum
and the completion of the interventricular septum  Fatlure of the
cushions to fuse and proliferate will result 1n a common aunculo
ventricular ortfice with defect of the cardiac septa In these cases the
auriculoventricular onifice 1s situated above the mterventricufar septal
defect and 1t may be furmished 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 salve with the septal cusp of the tricuspid
valse This conpoined cusp runs across the septal defect The paprilary
muscles 1 connection with this cusp are found 1 both ventricles of
the chordae may be aitached to the upper concase border of the mter
ventricular septum The number of cusps varies but these are usually
five of varying size Apart from this general type there may be other
assocsated cardiac anomalies Lightner s (1939) case presented l:!\
addiion pulmonary atresta and the night pulmenary veins cnlﬁg
the neht side of the auricle Goetsch s (1938) case a mongol o
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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



CHAPTER AVi

DEFECTS OF THE AORTIC SEPTUM

Defects of the aortic septum form a comparatively small but important
group Their origin 15 devel and the 1 preture and
to some extent the clinical pictare depends upon the degree of fmlure
of development of the aortico pulmonary septum Accordingly these
cases are classified 1nto the foltowing groups

(1) Complete absence of the aortic septum or persistent truncns

artertosus
(2) Partial defects of the aortic septum leading to a commumication
between the aorta and pulmonary artery

(3) Aneurysm of the nght sinus 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 rieht
ventricle Such cases are rarer than the incomplete forms

PATHOGENESIS As the name implies the defect 1s due to 1 falure of
the aortmo pulmonary septum to develop and consequently the
truncus arteriosus perssts 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 remain undivided there should be sdeally fosr
cusps trt the common trunk and this 1s often the case (fig 93) Assoct
ated fatlure 1n 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
conditson then being known as a partial persistent fruncus arteniosus
If the spues of the sixth arch are present but fail to fuse the pulntonary
artenes artse independently from the trunk Where there 18
partial septal formation there may be a short common pulmonary
tcunk from which the pulmonary branches are gnen off and
accasionally a ductus arterosus

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 itself consisted of a smgle
auncle and veatricle The latter gave nise to a large single vessel which
gave off a pulmonary artery and continued as an aorta with its usuat

238
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branches The pulmonary vessel divided mito night and left branches
The pubmonary veins entered the superior wwra cava

ANATOMY An anatomical classification has been proposed by
Humphrseys who recogmzes five man types These are as Follaws

{1) Pattial common trunk il ductus atteriosus

{2) Partral common trunk without ductus arteriosus

{3) Complete trynk with ongin of p

arteries
§ §
[ 2

i

s

Fir 93 Types of common artenal trunk (AfC « Humpheeys ) | Pantal
common trurtk apd ductus artencsus 2 Partial common teuak, without
ductus asteriosus 3 Complete common trunk wnh indegendent orgut
of thep y attertes 4 € s trunk with ary
artery and a bronchwal artery S Complete comman truak with no sinth

arch denivatives and brorchual asterses

{4) Complete common trunk with one pulmanasy artery and a
bronchial actery

¢5) Complete common trunk %ath no sith arch dernatnes and
bronchal arteries

A certata number of cases have been descnibed as 2 persistent truncus
drteriosus when in reality they are cases of pulmonary ar gartc attesia
{fig 94) Humphreys has suggested certan cniterta which may help in
the ofag truneus 3 The finding of the




240 CONGENITAL HEART DISEASE

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

TVUU\ /\W(/g%xé\dj ’Uk

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 sixth arch de Ductus arterrosus shaded

T e’

-

Fie 95 Diagrams offpcrslszcn( fruncus artenosus (After Feffer) [
Complete persistence of truncus three cusps one with a raphe 2 Per
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
{o both the systemte 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 divided o
branches supplying the left and right Jungs Rarely a pulmonary artery
has ansen from the descending aorta In other cases the pulmonary
blood supply may be through bronchial arteries or from anomalous
branches of the and subcl arferies
A defect of the ventricular septum 15 inevitable and is usually anterior
to the vestiges of the membranous septum (fig 95) There may be
almost complete absence of the ntenventricular septum  The inter

F1e 96 Truncus arteriosus with double aorti. arh
{After Kerwin)

auricular septum may be patent and a persistent ostium pru

been described There may be a night aortic arch The cmf\mlg:x:‘n?:;
arises astride the septal defect or wholly from the right veptricle depend

sng upon the degree of transpositton present and in the latter case
there 15 always a septal defect Four cusps were present i the cases of
Preisz (1390) Feller (193)) Humphreys (1932) and Brown (1942}

The cusps are so a1sanged that there are two large tateral cusps from
the sinuses of which the coronary arteries anse and smaller antertor
and posterior cusps Three cusps with evidence of subdivtsion of one
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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 aorte arch and a double
aortsc areh 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 bioculare Two pulmonary
artertes were gnen off the truncus Just above the valve Other examples
of 2 Lomplete truncus artertosus 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 origm and divided into a mght and Jewt pulmonary artery (fig 97)
1t thus appears that there 15 00 constant anatomical picture and the
recogmutton of a case of persistent truncus artersosys is purely anatom

wal and depends very largely upon the exclunion of the atresia of one
or other great vessel
-
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CLINICAL PICTURE Cyanosis may be marked but 1n some cases it
1s only slight 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 10 be more frequent Dyspnoea 1s 2 prominent feature There
are no characteristic physical signs The heart 1s enlarged to right and
left Thrills and murmurs systohc m time have been described over

Fig 99 Persistent fruncus astenosus 1 an tnfant with
a suting duck stlhouette

the base of the heart and a diastolic thnll and murmur was present
the case of Finley and of Pezzt and Agostint A machinery murmur in
a lower mntercostal space has been described by Crafoord Murmurs
are often absent The second sound in the pulmonary area 1s Joud 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

RapioLoGY In nfancy there 1s a cardac silhouette 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 marked concavity at the site of the pulmonary
arc and the aorta s enlarged with 3 prominent aortic knuckle The
hlar shad are small and peppered if there 1s a ! matnly
through bronchial arteries The general contour of the heart resembles
a sitting duck (figs 98 and 99) In the Jeft anterior oblique view the
appearance 15 even more sinking because the upper margtn of the
night ventricle projects hke a shelf towards the anterior wall of the




235

DEFICTS OF THE AORTIC STPTUM

K33u3e Areuownd jQISIA OU PUE 3{3s524
{BUNSEIPIU PUR (BHYIU0IQ UTAAIY) UOTERINI (EINLIOD SHOMWIOUS ©B VoNeISD 1V
g oIS ouTkd 18 7) PadE TS SNSOLILE SNOURS) WA 0F B1d

anbijge 10uAUE U] {Y)

JOUSHESINSOd ()




246 CONGENITAL HEART DISEASE
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
?I_J._,r h

Fia 101 Persistent truncus artenosus Female aged
14 years Major deflection downwards 1 all three Jeads

4 1o

ELECTROC AM A few elec d 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 mamn ventricular complex downwards in all three leads lr;
another (fig 101) This latter pecubanity was present i the case 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
bacterial endocarditts Stegmund s (1928) ease died at 33 Deasl
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result of fatlure ntercurrent discase of bacterta) endocardins Opera
tions of the Barrett Daley type may be beneficral

Dracnosis This may be exceedingly difficult 1n the absence of defimte
radialocal pataters A catheter 15 generally freely morable in the
ventricular cawity and the pulmonzry artery cannot be entered The
angocardiographic picture shows immediate filling of the aorta and
1n the cases with a bronchial artery circutatton delay it fiting of the
hilar vessels

TpSTEEsnE
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Fuz 107 Electeocardiggram 1n persistent truncus
arteniosus The major deflectsons are downward 1n
the three feads Br R Marshall s case

DEFECTS OF THE AORTIC SEPTUM AND CONGENITAL ANEURYSMS
OF THE SINLSES OF VALSALYA
In these conditiops there 15 a communication between the zorta
above the aortic valves or at one of their sinuses and either the
pulmenary artery or its conus
Pa

Where the 1s between the aorta and
pulmonary artery above the level of their cuspy there hag been a failure
mn of the aorticop 'y septum  The communication

oceurs at sites other than that of the ductus arteriosus Most often the
communitation 15 2t the base of the aorta generally 1n the nght aortic
stoys although 1t may occur in the other two smuses The opening
may with the pul y attery above the Jevel of the
puimonary cusps or 1t may open mto the ventricle at the level of or
Just below the pulntortary vusps In the former case the ppening corre

sponds morphologically with the foramen of Panizzae of the erocodile
heart where a foramen exists between the contiguous smuses of the
right and left aortae Where there exists a commumcation with the
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pulmonary conus the primary stage of the defect may be a congenital
aneurysm of the nght aortsc smus which ewsting ymttally as a thin
walled sac finally ruptures and creates a fistulous opening into the
night ventniele 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 defecttve development of the
bulbar septum Abbott (1929) refers to a figure of Tandler (1912) 1
which there 15 a fusion of the distal bufbar swellings at the level of the

FiG 107 Common aorto pulmonary trunk Antero
postenor view (C W € 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 simple circular or oval foraman sttuated i the
antertor wall of the aorta yust above the aortic cusps and 1t leads 1:1‘:0
the pulmonary artery Such defects arise at about the point \\h:rcTh:
distal bulbar swellings merge into the aorticopulmonary scplu{’n -
opening 1s not In the situation of the ductus and st 1s not 1o be
sidered as an atypical or abbreviated ductus



DLILCTS OF THE AORTICL SEPTLM 249

These cases are rare The first reported example may be credited to
Elliotson (1830) 1n whose case there was an aperture adnutting a finget
where the aorta and pulmonaty artery are m contact Wilks (1860)
mentions an mfant with a similar foramen admitting 2 goose quult
Hektoen (1901) was able to collect nine cases from the hierature and

Fws 104 Common aotto-pulmonary trunk Antenor view
showing mterior of sac A brachiocephalic frunk & descend
g thoracsc aorta ¢ left pulmonary attery p nght
pulmonary actery (C W C Bamand I Parkinion s case)

added one of his own Subsequently cases have been report

Moorhead and Smith (1922) and Bain and Parkinson 5’343)”1‘1’«1
fatter case & cyanotic boy of 18 had a defect so large as to con titute
anaottopulmonary sac {figs 103 and 104) Thecase of Dadds and Hoyle
(1949} also presented an ancurysmal sac due to a wide opentng be
tween the aort1 and pulmonary artery just above the valves (fig 105)
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Shepherd Park and Kutchelt (1944) reported 1 male of 41 who died 1n
congestve falure There was an aperture of 2 cm drameter 1 the apsta
above the cusps This led 1nto a sac which projected 1o the rieht
ventricle below the pulmonary cusps and 1n addition the sac com
muncated with (e left antertor sius of Valsalva of the pulraonary
artery by an opeming of 1 ¢m n diameyer

Quite often in the partinl defect of the 1orme septum there 1s a
recagnizable ridge on the postertor wall demarcating a segment of the

Fic 105 Congenital aortic septal defect Anterior view
showing aneurysmal sac (Dr ¢ lifford Hoyle s case)

common trunk from which one or both pulmonary 1rterics may arise
An example 1s the case of kerwin (1936} an wnfant dying, soon after
birth and remarkable because of an assoctated double aortic arch
(fig 96) The pulmonary artery arose as a smele Jarge trunk Just above
the smuses of the [eft anterior and posterior cusps and promptly
divided into branches to the nght and feft fungs respectisely The
truncus arose wholly from the right ventricle divided after - course of
about 2 €m 1nto two equal sized vessels embracing the trachea and
oesophapus to reunste posterior to these structures Pezzt and Agosum
{1925) reported a cyanonc gul aged 17 with a duastolic thrll and foud
duastolic bruit A common trunk arose from the night ventncle and was
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furmished with three cusps A ridge extended from just above the ongin
of the Ieft coronary attery to the opemng of a night zad left pulmonary
artery Simitatly m the case of Brown (1942} there was evidence of &
spiraity disposed nidge which parually delineated a pulmonary artery

1t 15 therefore evident that sn aortic septal defect may ewst i uts
sunplest form as a small aperture between the aorta and pulmonary
artery and by grad assume such d as 1o render us
identification from a persistent truncus a difficult matter

The gross pathol t result of this p: ar defect 1s ent
of the heart the night venincle being predommantly imvolved Dilata
tson of the pulmonary artery under the mfluence of a left to nght shunt
may assume aneurysmal proportions but this 1s a vanable effect
depenchng upon the size of the defect The defect asell has smooth
edges tn contrast to the more frequent acquired defect where there 1s
always associated aortic discase most often an aneutysm of the
sscending aorta Other congenital defects are rarely present Bam and
Parkmson s case had a common brachiocephahc trunk This absence
of assoctated congenttal defects ts of interest in view of the frequent
ventricular septal defeet associated with congenttal aneurysm of the
right aorhic sinus

Cunicat PicTure Cyanosis early or fate 18 mentioned m most
case reports but ¢lubbing s unusual though noticed by Bam and
Parksnson Limstatron of acthvity by dyspnesa of cardiae distress 1s
almost always present Chest pun 1s frequently mentioned and angina
of effort occurred 1 one case at the age of 18 Congestive heart farture
is a common terminal event

The physwcal signs are vanable In some cases only a systobe murmur
has been noted at the base In other cases g loud systobic and diastohic
murmur is present with or withoust an accompanying thrlt The
susmur has been described as continudus more superficial than that
of the patent ductus arteriosus and its maximum intensity 15 Jower and
more to the rnght A distolic murmur and thall only loudest at the
apex was mentioned by Bain and Parkinson whose tase fatled to show
the wide puise pressure of that of Moothead and Smrth and other
authors

Raporocical PICTUrRE This 1s very striking m the few reported
evamples The heart 15 enlarged chiefly to the night There 15 an enor
mous rounded pulmonary arc which obscures the aortic knuckle and
renders 1t invisible The right pulmanary branch may or may not be
enlarged A fular dance has been noted by Dadds and Hoyle (1949)
(figs 105 and 106}

ELECTROCARDIOGRAM Kight axis deviation has been noted The case
of Bawn and Parkinson showed s small R and deep § in all three leads

Courst AND PROGNOSIS The average age at death 1s about 14 years
Rickard s case sarvived to the age of 31 and that of Moochead and
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f:mnh died at 48 In these cases the aortic septal defect was small

Bw;‘oefrthc l‘;porled cases died 1n infancy Most of the cases suffer

¢ and ncreasing cardiac

Fiaia g disability and die m congestive
DiaGNosis The strlang X ray picture of cardiac enlargement with

antcnormous pulmonary arc obscuring the aortic knob and pulmonary

ar;ry dilatation 1s very suggestive The picture must however vary

and where the defect 15 small the radiological changes may not be so

F1G 106 Aortic septal defect Male aged 14 Dr Clifford
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 auncular 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 systolic and diastolic mutmur are present a
diagnosts of patent ductus afteriosus 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 1n the patent ductus and onfy occurs 1t @ few
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cases comphcated by pulmonacy artersolar sclerosis A right axis m
the electrocarchogram is of great rarnty sn the patent ductus

Congemtal Anenrysm of the Sinuses of Yabalva

In this anomaly the commumication 18 beincen the aota and the
conus of the pulmonary astery a0d consists usually of a small anenrysm
of the night sinns of Valsatva wath a perforation at its i Some con
fuston exists m the nomenclature of the siyuses of Valsalva The three
stnuses are best described as rpht left and posterior the latter being
the non caronary sinus The right smus 1s refated to the right auncle
and ventricle The left stnus 15 external 1o the keft ventrcle and of the

three smuses 15 4he most accesstble to X my The p
Qom COTENATY Sinus 15 antertar to the right and left auricles These
1 rel, hips determme the d sn which an anewrysm

will extend Aneurysm of an aortic sinus must not be confused with an
aneurysm of the interventnicular septum which anses at a quite different
situation bt equally ruptuces wto the nght aunxcle or veptricle In
about haif of the reported eases there ts a smolt defect of the antenor
portion of the septurm (bulbar septal defect) yust below the aneurysm
Abbott s (1919) case s 3 well known evample where an aneurysm of
the right sinus projected as a funnel shaped tobe mto the conus of the
night ventricle and directly below this there was a septal defect
Infectve endocardstis to which these cases in general are vislnerable
sevolved the walls and margims of the aneurysm the septat defect and
the wall of the pulmonary conus oppostte the ancurysm ndicating
that there was a shunt from left to right In the case of Shepherd Park
and hatchell (1944) 5 male negro of 41 st seemed that the aneurysm
ruptured snto the pulmonary artery late n bfe There was a foramen
2cm i dsameler above the junchion of the nght coronary and posterior
cusps and this d wath the pul ¥ artery by an opemng
1 em wide n the left sinus of the pulmonary artery The sac of the
anewsrysm bulged wmto the nght ventnicle just below the pulmonary
cusps Thecase of Herson and Symons (1946} (figs 109 and ! 10) exhtbut
ed an aneurysm of the nght and posterior sinuses that of the posterior
sinws izading 1nto the night avncle just above the seplal cusp of the i
cuspid valve There was an mterventricular sepal defect which also led
tnto the tricusprd valie Maclead s (1944) case a man of 54 showed a
fistula from the right aortic sums eading to the right auticle at the
pont of junction of the anterior and septal cusps of the trcusped vabve
Hirschboeck s {1942} case showed an aneurysm onginating w the right
sinus and extending through the wall of the ventricle into the rnight
auncle at the tacuspsd onfice There was o rudimentary posterios
a0rHIe LUSp

An aneurysm of all three sinuses 15 a very rare abnormality Only
five such cases are known The mogt recent 18 that of Micks {1930) 1
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a male of 25 (fig 107) Autopsy disclosed an enlarged heart Each sinus
was expanded 10 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

Congental apeurysms of the smuses whether single or mulhple

[
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Fia 107 Congemtal ancurysm of all three smuses of Valsaha A ﬁ;\r( of left

auricle B cavity of left sinds cut across C opentng of feft sius with onfice of

feft coranary just above D opening of right sinus with right coropary orihce

Just abave € operung of posteriOr sinus k_left sinus cut across G cavity of
left auricle Courtesy of Dr R H Micks

may occur without associated septal defect They may have a certain
medico legal tmportance as they may be associited with sudden and
u ted death as 1 by the tollowing two personal (un
publ[shed) cases A large aneurysm of the nght sinus of Valsalva \\h;ch
rojected 1nto the night auncle and ventricle in 2 young man of 27
ed 1nto the pencardum death occurting during sleep Simifarly
h congenttal aneurysms of all three siauses un

rupture
m a gl of 15 wit
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expected rupture of an aaeurysm 1nto the perrcardium caused death
(fig 108)

Cunicat Pictere The shunt through an aortic septal defect or
through a ruptured aneurysm of the right sinus 15 from left to right
and cyanosis 1s therefore absent unless 1t appears as a termial event
or under other circumstances such as fature or secondary pulmonary
vascular changes which mught lead to reversal of flow through the
shunt
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Fi6 108 Congenstal aneurysm of the sinuses of Valsalv2 An aneurysm s

present at each of the three sinuses Aoruc cusps grossfy thickened dilata

non ascending aorta The left ventricle has been opened posteniorly
Female aged 15 Sudden death from ruptute wmta the percardm

d
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In the aneurysm o(' an aortic siaus the conditton may be entirely
latent and signs and p only appearing when
rupture of the aneurysm takes piace In Abbott s (1919) case symptoms
suddenly appeared after strain and this was thought to correspond to
the perforation of a lutherto latent aneurysm A similar eventuality
characterizes the cases of Goehring (19.0) Hieschboeck (1942) Macleod
(1944) and Shepherd et al (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 pamn dyspnoea 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
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FIG 109 Aneurysm of postenior sius of Valsalva Right auricle and tricuspd valve

Arrow pomnts to a ruptured aneurysm Onfice of ventricular septal defect is immed
1ately below the aneurysm (Dr R Herson s case)
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110 Aneurysm of posterior sinus of Valsalva Aorti. vahe The sinu
T it e Yviant. posterior ‘and left ven cfect Lics below the
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rough roarng systohic murmur Joudest over the tricusprd area heard
as well 1n the mutral aren with a blood pressure of 20040 Macleod s
case presented an aortic systohc thril and a harsh systolic murmur
over the left chest loudest in the aortic area A harsh systolc murmur
with apical systolic thrill a parasternal duastolic murmur and a blood
pressure of 300-200/0 was present 1 Hirschboeck s case Shepherd s
case showed a continuous roaring murmur over the aorfic 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 transposition of the arterial trunks the great vessels are altered 1
their relation to each other or to therr respective ventricles Abbott
(1927) states that changes take place 1n the relative position of the
vessels and their ventricles whereby the aorta comes to lie 1n the path
of the unaerated blood from the right ventricle The general result 1s
that the aorta comes to lie anteriorly and 1n relation to the right
ventricle

The earhiest observation of transposition of the vessels where the
aorta arose from both ventricles 15 probably that of Stenonis (1671)
In his case there was a narrow pulmonary artery ind a large inter
ventricular septal defect Hare lip 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 bobus et ex utroque debebat He
also described the narrow pulmonary artery with two cusps and In
reality furnished 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
ongin 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 eatlier observations seem to be concerned with
an 1 b of pul y stenosts and an 1nter

ventricular 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 ratsed pressure in the night ventricle
forced the developing interventricular septum to the left and thus
caused the aorta ta emerge wholly ot 1n part from the nght ventricle
Where pulmonary stenosis was absent Peacock attnbuted the anomaly
1o 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 artenal trunk so that the
brapchal arches ordmanly associated with the portion which becomes
n connection with the pulmonary artery This deviation
al development may take place either after the septum

258

the aorta arel
from the natur:
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of the ventricle 1s completed or while the growth of the septum 15 in
progress so that the transposition may mdolve the ventricle as well as
the vessels

Peacock s work was much 1n advance of his ime He preceded
Spitzer 1n his recogmtion that a septal defect at 1ts usual site corre-
sponded to the foramen between the aoruc ventricles of the turtle
hean e also stated that the sinus and infundibular portions of the
1 ht ventricle were homologous with the right systemic and pulmonary
ventricles of the turtle Further he sugeested that in cases Where both
auricles communicated with the left ventricle in certain cases of trans
position the mnfundibutar portion of the nght ventricle has been cut
off by a septum at us point of union with the sinus of the ventncle
that 15 to say there has been a regression of the true interventricular
septum

Rokstansky (1875) onsidered that every type of transposition could
be explaned on the basis of an abnormal development of the bulbar
septum this bemng the primary event and pulmonary stenosis and an
interventricular septal defect were a necessary secondary sequence
Deviation of the aortic septum to the left resulted in a dextroposed or
nding aorta and at the same tune narrowing of the pulmanary artery
caused pulmonary stenosis An interventricular septal defect occurred
because of failure of the interventricular septum to meet the abnormally
placed aortic septum  All the other forms of transposition were he
stated the result of abnormal rotation of the aottic septum which
being unable to meet the interventricular septum resulted 10 one or
both vessels apparently atising from the wrong ventnicle This work
was a fandmark 1 the story of congenital heart disease and 1tas al
the more remarkable because 1t allowed Rokutansky to foresee
anomalies that he had not already observed Subsequently for some
yeats workers produced vanants of Rokiansky s essenttal thests
Keith s (1909) contribution 1s umportant because more recent work
tends to bear out s conclusion that abnormal absorption of the
bulbus resulted 1n transposition In transposition the aortic portton
of the bulbus expands and the pulmonary portion atrophtes and such
a process the exact opposite of that which occurs normally results 1in
an aofta anteniorly placed and 1 the night ventricle Robertson (1913)
after studying the comparative anatomy of the bulbus was mamly m
accord with Rok s theory She d that 1f the bulbus
developed as a straight tube devoid of changes in its muddle part there
would be no torsion of the aortic septurn This would allow the aortic
septutn to descend and Join the proumal bulbar sw ellings Jeft to left
end and night to nght end If vanous positions of the proximal bulhar
swellings were posuble all the types of transposmion could be
reproduced

Spitzer (1923) has examuned transposition on a phylogenetic 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 keeping 1t and the systematic circulation apart Actually the
development of a pulmonary circulation furnishes an 1mpetus to
development  because of forces mherent in the blood stream and is
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
C Iy the aorta in tr 1s not a posed aorta but
a reapened fight aorta In lesser grades of detorsion there may be
partial perststence of both trunks whtch then fuse and give r1se 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 pulmonary and systemic circulations occurs with a mus
cular cardiac chamber for each circulation This 1s more effective
than the tandem ar n the gill 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 supraventriculants tricusmd 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 1n no case is thete a true transpositton
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 studses 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 1n 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 animl scale 1s ascended and the Iung breathing types appear
5o also does septation of the heart become more and more developed
1 accordance with the posed by a pul 'y crreulatior
of keeping 1t and the systematic circulation apart Actually the
development of a pulmonary circulation furmshes an mpetus to
development because of forces inherent n the blood stream and 1s
responsible for the formation of the bulboventricular loop torsion and
septation

These hydrodynamic factors are a continuous hydraulic pressure
the pressure of a continually pulsating flow and the effects of an
increasmng volume of the circulation The primetise cardiac tube 15 not
only stretched and widened but because 1t 15 fixed at both ends 1t s
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 butbo
ventricular end and detorsion at the opposite venous end Thes for
Spitzer 1s the cnitical stage 1n cardtac development for if torston aud
not oceur the two ctrculatrons would be side by side and there would
be a straight septum Spitzer points out that there are icreasint
degrees of torsion as the animal scale 1s ascended 1t being much less
1 the teptile than 1n the mammal Peacock Keith and many others
have previously remarked the essential sumilarty of the deformed
human heart to the heart of the lower vertebrates

Sptzer observed that the moderator band (trabecula septomargnalis)
in the night ventricle was morphologically similar to the muscular
ridges dertved from the septum aorticopulmonale 1n the repttlian heart
He also indicated that m the human heart especrally in childhood
there 1s an area Iying between the cnista supraventriculans and th
anterior tricuspid ledge which represents 1n the human heart the out
flow part of the reptian 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 sprral course of the bulbar cushions and the winding about
each other of the aorta and pulmonary artery If however this torslgﬂ
15 deficient or entirely arrested as 1t may be mn grave anomahes the
result 1s that the various parts are brought out of their normat r:lauo&
ship with consequent ultrmate anatomical maiformation According y
Spitzer incornplete torsion leads to fuston of the primary bulbar ’lcpn
and a reopening of the right reptilian aorta with obliteration of the ;u!
Consequently the aorta i transposition 1s not a transposed aoria "
a reopened right aorta In lesser grades of detorsion there m:i 2
partial pessistence of both trunks which then fuse and ¢ “;CFJHOI
abnormally large aorta as in the nding aorta of the lclrn!ois)";"e almost
Sprtzer explatns the presence of a bicusptd pulmenary yahe of the
constant concomitant of the tetralogy as due to a P““";“c‘
reptilian state where normally the great trunks are bicusp
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Spitzer s man ;, have been d by Licbow and
rland (1941} as follows
MzgaEt:phgsxs 031 the part played by the advent of a pulmonary cn’cu\
Jation durng the tranuiton from an aquatie to a terrestna
habitat 10 caustng tossion
{2) The principle of %ors:on 1 septation of the heart so that crosstag
of the pulmonary and systemic ervculations oceurs with 2 mws
cular cardiac chamber for each cisculation This is more effective
than the tandem m the gt 1 of fishes
{3) The recogmuon of a rudimentary sieht aosta homologous to that
of repules the ensta supravensrcelans being a gude to the
positson of this rudsment
(43 Centatn septums may be the result of hypertrophy of such
structures as the crsta supraveninculasss tricuspid ledges ot
butboatrial ledge with regression of the true snterventricular
septum owing 1o haesmodynaniie changes
{5) Detorston with reopenming of the night repidian aorta
{6) Estabbshment of four matn types of fransposition dependent
upon the degree of torsion
(7) Emphasts on the fact that 1 no case 1s there a true Uansposition
of any preat vessel ansing from the nght side of the heart to the
left af the position of the true mterventricular septum s used as
the plane of reference
Spitzer s theory has found general acceptance but recently 1t has
been criticazed by Lev and Saphur (1937) on the grounds that while st
explains admirably the anatonucal facts 1t fals to explain adequately
Just how these changes are brought about The gencral trend of recent
work (Pernkopf and Wirtinger 1935) s to show by studes sn com
paratne anatomy that sbnormalitics are not so tauch the result of
abpormal torsion of the bulboventricular area but are equatly related
to abnormal absorption of the bulbus This 15 1 barmony with the
conclusion of Keith {1909) though there 15 a difference 1n the method
of sts accomplishment Lev and Saphir have carned the matter further
and after a study of thew cases of transposition have concluded that
an sbnormality 1n the bulbo auncular spur area and thus an abnor
mality of bulbar absorphon 15 a fund 1 cause of
For a fuller discussion of this work and its snterpretatron the reader
15 x“;ferr:d 1o the onginal paper of Lev and Saphir
LASSTEICATION OF TRANSPOSITION The earhest cigssr
of Rokutansky (J875) He formulates two schames alsn ﬁSCc:;::::e];t?;:
anterventricular seplum unites with the aortic septum so that aithough
the vessels are aftered 1n thesr positions as regards each other they sulf

anse from thew respective ventricles There o
s thus a  corr
transposition corrected

In Scheme B the transposed vessels anse from reversed entncles
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and the transposition 1s uncorrected The type of this group which 1s
the largest 1s lete transy n 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
Ieft aortas 1t 1s Jarger than normal There 15 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 arises 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
night 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 Rokanshy)
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

Tyeg 4 \ixed Transposition The general type 1s that of the cor
buatnatum triloculare The true tnterventricular septum is absent and
an anomalous septum formed by the crista supsaventriculans and
tricusped ledge cuts off a small chamber from the nght upper part of
the common ventricle From this small chamber anises the right 2orta
1 transposed rel to the p y artery which arnses from
the common ‘entricle Both aursculoventricular onfices open 1o the
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) Ruding aorta with an mterventricular septal defect

(3) Aorta and putmonary attery ansse from the night veatricle

{4y Complete transposttion

{5) Miscellaneous group

A glance at this fatter classification witt show that all degrees of
transpostton may be present from the extreme or complete form
{transposito vera) down ta the mimor degrees of transpositton exhrbited
1 an aneurysm of the septum Transp will usually
nclude the bulk of b d with an mter tar septal
defect where the aorta anises wholly or partially from the nght ventricle
A truncus attenosus COmMmMuRs comes 1nto the same tategory

A number of the types of transpositton meationed above are mare
fully under thesr head and to these
should be made

Cowgplete Tramsposittan of the Great Vessels
In complete transposttion of the great vessels the aorta artses from
the nght ventricle and the pulmonary arttery from the {eft venincle
Both aorta and pulmonary artery are normally developed and conse
quently the chncal pictore differs very considerably from those
b 1 where of the vessels 15 accompamed by
pulmonary or aortic stenosis of atresia
The exact embryological canse of transposition of the vessels remamns
obscuse but all investizators explam #t as a purely developmental
abnormality Kerth (1909} considered 1t to be due to malabsorption of
the bulbus Lev and Saphur (1937} postulate that an abnormaltty 1n the
butboaurtcutar sput area which allows increased detorsion at the
proximal bulbar astrum and so elimmates the necessity for torston at
the distal ostium 15 the likely explanauon The reader 15 referred to the
wotk of Lev and Saphir and Farber and Hubbard (1939) for a
complete discussion of the various theories of transpasition
Complete transposition of the vessels 1s 2 not uncommon absor
srality This 1s because 1 {oetal hfe the fact of transposition has little
effect upon the foetus and st 15 only after buth that the abnormality
becames apparent Suevival of the child 1s then dependent upon the
of the foetal the ductus arteriosus and the
foramen ovale and above all upon the presence of an intetventricular
septal defect
CIRCULATION The m ki 18 such that
the systerme circulation 15 mamntained by the nght ventricle and the
pulmonary crreulation by the keft ventrcie Yemous blood enters the
nght auncle passes mio the right ventniele thence into the aorta and
systemic ciremt The pulmonary vetns return tlood to the left auricle
thence to the left veninicle and this blood 15 recirculated 1n the pul




264 CONGENITAL HEART DISEASC

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

1n cases which have sunived for more than 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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withtn & faw hours of bueth and 15 rapudly progressive and soon becomes
intense it may be mrugated to a shight extent where there 153 ventricular
septaf defect or a widely patent ductus artertosus la all cases cyanosts
early becomes permanent and progressive and if surwival s fong
enough clubbing and polycythaenma develop Jt 18 an interesting
abseryation that cyanosss ts less marked in the legs in those cases where
a patent ductus arterosus carrying ovygenated blood s continuous
with the descending aorta

Fio 112 Transpasstion of the vessels with venincular septat defect and
bicuspsd puimonary valve

The heart is normal 1n size at birth and if the infant survives st
rapidly enfarges the enlargement imvolving particatarly the oght side
The Teft side also enfarges if there 1 a patent ductus artenosus but not
to the extent of the noht which Iatter stde carries the burden of the
systemie arrculation  The auscultatory signs ate not charactersstic
There may be a systohic murmu? depending upon the associated
abnormalifies and e pressure changes thas they produce 1 the cham
bers rather than upon the actual fact of transposttson A murmur may
not be present at wit and myrmurs cannot be telied upon to give any
diagnostic help

RapIoLocy The f ! picture of ph has
been delineated by Taussig (3933) The heat 15 enlarged 10 both right
and left but right sided enlargement predonunates The nght auricle
15 often rery d ded In the ant view  the shadow
normally caused by the putmonary conus tends to be absent wuth the
tesult that there tends 10 be a coacavity of the upper left border This
is Murther emphasized by the powtion of the aorta in front of the
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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 obltque view the aorta and
pulmonary artery lie parallel to each other and the vascular pedicle 1s
accordimgly 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
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Fic 113 Transposition of the vessels with sentacular
scptal defect Pulmonary valve bicuspid  Marked
cyanosis from birth

artery overndes 4 ventricular septal defect Because in these circum
stances the pulmonary artery 15 of normal uize or even shghtly la;g:r
than normal there may be promnence of the left upper cnrdm: b?;r er
and the general appearances may closely resemble those of the lxs)ﬂ;

er complex Screen examinatton discloses fular pulsation Dt :
a\::lglon of this type of case will have to be made mainly upon clinical
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grounds and 1t may be taken as essentially correct that whereas in the
Eisenmenger complex cyanosis 1s late 1n appearance n 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 Stemer and Wayne (1949) Their pictures clearly demon
strate that the apparently entarged pulmonary conus in the conven
tional anteroposterior radiogram was 1n fact the ascending aorta
anising from the right veatricle

Fic 114 Transposition of the vessels with ventricular
septal defect Male aged 20 years

ELECTROCARDIOGRAM The electrocardiogram commonly shows a
nghtaxis (fig 115) but occastonally there 1s sufficient enfargement of the
left ventricle to negative this finding A case of this latter type s cited by
Schnitker (1940)

DiagNosts Diagnosts 1s essenttally radiologteal and 1in the

anottc
case the entical finding 15 evidence of an enlarged heart an acdyeqx:,ale
1 and

y changes in the lung fields Apart
from this a nacrow vascutar pedicle in the posteroantgno§ view bgcgm
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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 di far to those of the
E| 2 lex In these cir the paramount cimecal
point 1s that cyanosts has exssted from birth 1n those cases with trans
positton whereas in the Eisenmenger case cyanosis develops later A

e

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

COURSE AND PROGNOSIS In plete tr Treved by 2
septal defect death usually takes place 1n 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 age at death to be
2 75 years Excep I cases of I with a ventricular septal
defect may Ine until the second decade or later Survval 1n these cases

may depend upon the posttion of the pulmonary artery which may
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advardageousty overnde a fugh septal defect or upon the suze of the
defect wself

Treatment Hanlon and Blalock (1948) have begun experiments m
the surgery of transpositson of the vessels The pulmonary vems are
anastomosed %o the superior sena cava at the opeming of the azygos
vem n thew expenmental anumalts The successful results of these
operations causes the authors to conclude that the operation might be
feastble m man and offer a possible appreach to the amehoration of
comgilete transposttion of the vessels

ke 116 Correeted transposton Amtersor sentsile opened
Bucnspid auticaloventoreulas valve

Corrected Transposition

In corrected transpostion the vessels are wransposed the aorta
tying 1n front and pulmonary artery behind but n sptte of this trans
postiion they are placed in their respective ventricles There ts generally
an intesventricular septal defect and the mitral and tricusp:d valves are
transp The i present 15 well iiustrated by an
unpubhshed case of the author (figs 116 and 117} In a female child of
10 months wath Lattle s disease the heart was enlarged The aotta lay
mn front and the pulmonary astery behind The aorta opened nto o
small anterior ventricle which commumnicated wath the left aurcle by
a valve with tvo cusps The pulmonary artety opened mie a large
postertor ventricle which formed the whole apex of the fieart and which
communieated with the right auricle by a tncuspid onfice The ductus
artenrosus was closed and shpht coarctation was present  Just below
the aortic valves there was a round defect of the ventnonlar septum
The left aunicle recen ed tvo night and one left putmonary vemns The
nght auricle recerved 2 normal supunior and inferior vena cava and an
additional left supentor vena cava which descended to the left of the
aorta and ran along the lower margm of the left aunicle tn the aunculo
ventricular groove to reach the nght auncle The foramen ovale was
closed A simitar case 15 desentbed and figured by Theremin (1895) and
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also by Rokuansky More recently cases have been deser
(1931) and Carns Ritchte and M{ysser (1941) e described by St
Not the least mteresting feature of several of the reported cases Is
that the correction of the transposttion by the mterventnicular septum
18 apparently negatived by the transp of the auricul cular
valves for a tricusprd valve 1s the hall mark of a venous ventricle as 1
the mitral valve of an arteral ventricle No adequate explanation of
this 1s as yet forthcommng and 1t cannot be explained by Spitzer s

Fic 117 Corrected transposiion Female aged 10 months
Anterior and posterior views The dotted Iine indicates the
Limuts of the antenior artenal ventricle

theory Rokitansky concerved eight possible varrattons of corrected
transposition but Spitzer avers that he has never seen an example

CLINICAL PICTURE There are no defimte features to distinguish these
cases during hfe and diagnosis 1s usually made at autopsy In the
author s case there were no symptoms or physical signs In Steyfa s
case which attained early adult life there was dyspnoea on ctertion
cyanosts and enlaryement of the heart A loud systolic murmur was
heard over the heart and was loudest 1n the second left space

RADIOLOGY Int the author s case there suas some general enlargement
of the heart and the vascular pedicle appeared to be smalt 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 i
Steyfa s case Complete heart block and a Jeft auis was present 1 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 classified 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

ly d but as ther rel hip to each other 1s
wnaltered a murror image of the normal results
Situs mnversus totahis 1s the vaniety of d dia an

d
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
{1937y There 1s Ieft handedness 11 about 40 per cent of cases In this
the commonest type of dextrocardia the heart 15 usually exempt from
ather abnormality The apex beat 15 1n the fifth right space otherwise
the heact appears normal and there are no symptoms
Radiography shows a mirror 1mage of the heart and thorax the
271t
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tortic arch hang on the nght side nd the left dirphraem being higher
than the nght Banum exumaation shows the stomach on the nght
stde and the caccum on the left

The clectrocardiogram in the pli f c1se 15

ATl waves are iverted 1 lead | and leads 2 and 3 change places
g 119} Modifications of the electrocardrogram may be found i1n
cases i } by other cong ! cardiac defects The ventrcular
complex m1y be uprichtin lead | as 1 the cases of Abbott and MofTatt
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Fx 1B Diagrams of radioyraphs in dexteoardia (o) Normal (5)

dextrocardia with transposiion of viscera (c) 1solated dextrovardia with

mersion of heart cavities () 1solated dextrocardia without imersion of
heart cavities (After Mandelstam and Reinberg)

{1929) Banerjen (1935) and Beaujeu and Benmussa (1939) despite
lesions of the Fallot type tending towards nght predonunance In
other complex cses the P wave may be uprizhtan lead | asin thecase
of Beaujeu and Bege (1937) Cases with coronary disease are those of
Manchester and White (1938) Crawford and Warren (193%) and Cam
(1945) There are no symptoms :n the uncomplicated case The con
dition requires no treatment and ts entirely compatible with a normal
Ife
(2) ISOLATFD DFXTROCARDIA WITHOUT TRANSPOSITION OF THE VISCERA
In this condition there 1s heterotaua of the heart alone with normal
posttion of the viscera The subject has been exhaustively studied by
Lichtman (1931) Other associated congemital anomalies of the heart
are frequently described in this group and reference ts often made to

T d or p 1solated dextrocardia  depending
upon the presence or absence of such abnormiliies Roesler {1930)
matatained that every case of isolated dextrocardia was compheated
by other cardtac anomaly Lichtman s study of 161 cases from the
Nterature 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 mirror imag..
dextre i

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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Thete 15 thus no  murror image of the norm1l The sortic arch 1y
usurlly on the left side The anomaly may arise in the filth or stth
week of mtra utenine ife when an arrest of development takes place
and appears to be independent of any change tn the dircction of the
primitne S shaped heart It seems 1o be rather a persistence of the
carly foetal position of the heart | or some reason as yet uncxplained
the heart appears to hve been rotated round 1ts vertical aus from lefi
to right The left sentnicle becomes anterior and the nght postenor

s 120 Apparent dextrocardia due to eventration of
the diaphraym  The clectrocardiogram was physio-
logrcal

forming the apex The aortic trch 1s generally on the left side and the
aorta descends on the left In many of the reported cases pulmonary
stenosts or atresta and transposition of the great vessels has been
present and the aorta lies 1n front of and to the left of the pulmonary
artery Such changes mught be anticipated as the condition artses before
the septa have closed The general anatomical picture conforms to a
type of corrected transposition of Rohitansky where although the
vessels are transposed they yet anse from thetr respective ventricles
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 diagnosts was made on
diol 1 grounds a of the great vessels betng recog
nized by an anomalous appearance of the ascending aotta tn the left

antertot oblique position
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in cases where an electrocardiogram has been done (Vaquez and
Donzelot 1920 Molan 1936 Meyer 1937) there was no change in
fead 1

In general the prognosts s bad 1n this group because of the complex
assoctated abnormahities usually preseat

{3) DEXTROCARDIA ASSOCIATED wWiITH CONGENITAL DISEASE OF THE
Diapnracy In diaphragmatic hermta or 1n eveniralion of the dia
phragm the heast 1s displaced to the nght (fig 120} The heart 1s norrnal
and there ate no electrocardiographic changes
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INFECTIVE ENDOCARDITIS IN CONCENITAL
HEART DISFA\SEH

The abnormal tissues of the congenttal heart defect even of the shizhtest
type are peculiarly vulnerable to infective processes This habiliny of
abnormal tissues and structures to bactertal insaston was first pounted
out by Paget (1844) was confirmed by Osler (1866) and Horder (1909)
and agamn emphasized by Abbott (1927) Infective endocarditss 1s the
most senous sk to which the case of concequat heart discase 15
exposed The actual d of infective endi vares with the
different abnormahiies and 1s greatest n those cases where there are
\igorous shuats or obstructne vahulae lestons Thus the hizhest
tncidence s in the acyanotic group of cases notably the patent ductus
arteriosus mtenventricular septal defect aortic and sybaortie stenosts

and bcuspd gortic valves Of Abbott s (1927) 395 acyanotic cases

22 per cent had bactenal endocardiis In contrast the case with the
nterauncular septal defect of significance even when assocsated with
mitral stenosts so rarely develops nfectse endocarditis  that its
occurrence s a pathological curiosity On the other hand the inter

auncular septal defect presents a pecubar frequency of assoclated
theumatic valvular disease most often of the mutral vabe This was
first stressed by Roesler (1934) and acain emphastzed by Gelfman and
Lesine (1942) and subsequently by Burrett and White (1945)

The very interesting analysis of 453 autopsied cases of congental
heart by Gelfman and Levine duscloses that the inerdence of bacterial
endocarditis was 6 5 per cent If however the I81 cases above the age
of 2 years are considered the merdence 1s 16 5 per cent In regard to
ncidence 1n spectfic lestons tn cases over 2 years of age therr figures
are as follows

Auricular septal defects none interventricular septal defects 57 per
cent of the uncompliated cases patent ductus artertosus 20 per cent
bicuspid aortic valves 21 per cent tetralogy of Fallor 29 per cent
pulmonary stenosts 29 per cent These figures are perhaps surprising
as most have agreed hutherto that the patent ductus exhibtts the greatest
susceptibility fo infective endocarditts {Libman 1910 Abbott 1927)
Of equal interest 1s therr findina that 14 per cent of the cases above the
age of 2 were complicated by rheumatic disease and breuspid aortic
valves and interaunicular septal defects were the most frequent festons
with which rheumatic valvular disease was assoctated Bacterial endo-
carditts was present in a third of the cases complicated by rheumatism

276
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Burrett and White (1945) state that 62 per cent of their collected
autopsied cases of 1nterauncular septal defect show mutral stenosis
although its chmeal recogmitton during hife 5s much less frequent The
few cases in which bactenat endocarditss has been assoeated with an
wterauncular septal defect are discussed under the latter leston

In the group of grave 1 with mfective

docarditss 15 relatively rate and d 10 14 per cent of Abbott s
(1927} 291 cases and tnt 29 per cent of Gedfman and Levine s 131 cases
The diffesent tncidencs as between the acyanotic and eyanatic groups
may perhaps be due to the greater longevity of the acysnotic ease which
T has an d nsk of

The smtial stte of infection 15 at some pomt of mechameal strawn
This 15 well exemphfied i the patent ductus arteriosus where the
mfective process begins at the pulmonary end of the ductus and on the
wall of the pulmonary artery opposite the ductus opening At this
latter site the iampugieg stream leads to the formation of focal ather
matoys lestons the surfaces of which become covered with platelets
angd are wn their tuen wfected In the case of coarctation the lestons
most often appear either near the site of coarctation or on the ascend
mg adrta In the snterventricular septat defect vegetatons occur on
the margins of the defect or on the area of the night ventricular wall
where the anomalous shunt impinges In the cyanotic case the chosen
sites are the margins of the septal defects or the deformed cusps of
pulmonary stenosis The overnding aonta furnsshes a duect route for
cerehral embobism and cerebral abscess may accur wm these casey but
anly rarely cerebral abscess betog more common i the absence of
mfecive endocarditss

The mode of mfectiont 1s not embohe Damage 1s done at the pomnts
of stratn and sclerotic and degeneratne changes take place These areas
becoring covered with plawclets afford a nidus m which organisms
circlating n the blood stream may settle and proliferate An tnflam
matory process s set up and vegetations of remarkable luxurance
appear the leszons spreading but at the same time showing a tendency
te heal This mode of ongin by direct imason of the sntuma was fiest
shown by Hamilton and Abbott (1914) The precipstating event may
be 2 tooth sutraction o tonstllectomy

By far the commonest infecting organism is the Streptacaccus sindans
Other orgamsms arethe B influen o haemolynie streptocooc preumo
cacer and the gonococcus The Streprococeus sindans guves rise o an
endocarditis of the subacute or Libman type the other coocs tending
to cause @ more acute and rapidly fatal form of endocardims i whick
the endocarditrs 1s merely an teident ina grave sephicaenua For seme
unexplaned reason the acute forms often attack the nght sade of the
heart and patent ductus with some freq {Abbott) The
has a pracilection for the tncuspid valve
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The vepetions spring from the ificced ses and are otten small m
the wute e where there miy be considerble ukeration of the
fissues In chronte ¢ sy the vepctattons m 1y show some evidence of
fealing and tibrowis and even catahication Amonast the fesuits of
this process are the formation of mycotic ancurysms of the vahe cusps
or of the membranous septum rupture of the chordae and drrect
spread to adycent sructures In addion there mav be patches of
vegelation on the walls of the herrt opposite to and in hine of et of
n abnormal shunt through a septal defect These are ciused by the
constant bombardment of the walls by 1 stream cartyins nfective
particles Such patches may be tound on the wall of the rizht ventricle
of on the septal cusp of the tecusped valve tn the mrladie de Roeer
This rather interesting finding recalls the mural vegetations in the kft
auncle which tre a feature of mutral stenosis and which were con
sudered by Thayer (1926) 10 be the hall mark of pre custing rheumati
heirt disease and the nurror of damasge previously done 10 the auncutar
will The vegetations consist microscopically of large thrombr lormed
of fibri and platelets On the surfice of this thrombotic mass are
aumbers of ocganisms whilst 1n the depths of the thrombus there may
be numerous leucocytes and red cefls The ciusal oreanisms appear to
flourish on the surfice but penish tn ats depths

From these veeetatne lesions embolt my be detached and gne nise
to the charactenstic mycotic ancurysms  These result from weakemng
of the vessel wall by an cmbolus of a vasa vasorum of weakening of
the vessel wall proxmal to 1n embolus They occur most frequently at
the bifurcation of vessels lying in soft tissues and are found in the bramn
heart and puripheral vessels

The types of remal leston n wnfectune endocardiis are well Anown
There may be infarcts due to embolism of branches of the renal artery
The commoner and pechaps clirically the more important type s an
embolic focal nephritis due to the 4rrest in the glomerult of clumps
of streptococct of other orpamsm This povutred 1n sty siv of sixty
etght cases of Bachr (1912) and results tn haemuuna  which may
require the microscope for its idennfication In other cases there may
be a dilTuse acute glomerulo nephritts

Cunicat Tratores The signs and symptoms of infectiv ¢ endocarditis
depend lareely upon such factors 1s the virulence of the mfectng
atganism and the susceptibtlity of the patient A wirulent infecton in
2a susceptible patient may result i a rapidly fatal septicacmrn 1n which
carduac um olvement may not be recozmzed dunng hfe In the com
moner subacute or chronic types the cardiac sizns and chinical features
provoked by toviemia and embolism usually provide # clear cut pi
ture Most often the disease 15 instdtous 1n onset and the first symptoms
sovague that the underlying endocardiiis may be unsuspected Common
early symptoms are those of lassitude anorexii and low prade {ever
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Occasionally 2 catastrophe such us a cerebral or other embolus may
lead to recopmtion of the duease

Once the disease is established there are an infinite vanety of
symptoms and signs Fever 13 g canstant feature aithough there may
be long perrods of apyrexia Apyfeta may be assotiated ¥ sih uracmia
Ragors are not constant but they usually occur at some pertad of the
disease and are 4 with high temp and severe sweatmg
Nausea and vonuting may be present so that the patient loses weight
and 1 hime becomes emaciated Parmn may be present and associated
with embolization of various orgaas or vessels The sternum is often
tender Precordial pain radsating to the neck and arms may occur in
patients with aottic valve mfecttion Jowmt pains are common and
generally only transient Oucasionally the jomnts ate swollen and
tender and lead to a diagnosis of rheumatic polyarthrtis unul emboh
or other incidents make the dtagnosts clear Pain m other bones may be
due ta pertoststts Harder {19203 refers to the spes endocarditica 101
which the patient remains opttmistic and fads to realize the gravity of
his suation & d le to the spes

There are a whole group of special symptoms and signs of dagnostic
unportance The spi¢en s tender and endarged and nfarction of the
spleen ay be accompanied by severs left sided abdorumal pam and
tenderness

The cardiac signs are those of the underlying valvular or other
structural cardiae abrotroabty Enfargement of the heart 18 common
Murmurs may change 1 character or new murmurs appear during the
course of the disease Thus the appearance of a drastolic murmur 1 a
case of coarctation may be due to infection of the aorte valve Egually
the murmurs may not alter sigmificantly during the whole course of the
disease When farlure takes place 1t 15 generally with a normal rhythm
and gurrentar fibnlfation ss extremely raze Corduchian disturbances
are unusual but do occur Libman (1913) remarked on a charactenstic
patior the cafe au fat colour of the sk which developed sn the
more chronic ases and affected the whole body but predomnantly
the exposed parts Skun lesions may be present and a number of types
have been deseribed There may be a rash on the face of batterfly wing
distubutien resembling the rash of lupus erythematosys and lesons
have been described on the wists aad knees A charactenstsc lesion s
the Oster s node present in about half of the cases and first described
by Osler {1909) These nodes suddenty appear i the pulp of the fingers
or toes as small red pamful and tender swellings with white centres
and about the size of 2 lentt! They may last for a few days and dws
appear without trace and are somelimes the first complaint of the
patient Thev are possibly due to small embolt but there 1 some
evidence that they may be a port of a general arterio capitlary endo
thelal proliferation (Jouve 1936) provoked by atfergic or tovie changes
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i 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 recogmized 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  Bont 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 narls 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 conmpunctiva of the Jower Iid 1s a favoured
stte and the petechrac have a white or yellowssh centre and are said
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 ocelusion
The emboltc and other lestons of the kidney and their sigmficance have
been discussed above Itshould 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
pyrexis 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 dragnosis Cotton {1920)
and Merklen (1929) pomnt out the frequency with which petechtac
accur Indubitably Osler s nodes and white centred petechiae of the
conjunctiva and elsewhere are almost p M ol




INFECTIVE ENDOCARDITIS IN CONGENITAL WEART Disgase 281
evid nce of haematuna 1s held to be of yreat importance and 15 stated
to be present at some time in every case

The protean nature of the signs and svmptoms of subacute bacteral
endocarditss Jead to many p md The d
wasting and pyrexia may be mstaken for evidence of pulmonary tuber
culosts particularly n those cases 1n which there 1s recurring putmon
ary wfarction as i the mfected ductus Rheumatic fever may also be
diagnosed 1n error on the basts of mugratiny, arthntis pyrexta and
cardiac signs A positive blood culture or the presence of some typical
sign of bacterial ar the devel of nodules or
percardstis wsll d h the two d R fever and
bactertal endocarditts may occur together Typhoid fever malana and
pneumoria can be excluded by appropriate Iaboratory tests Libman
Sacks disease presents the rash of acute Jupus erythematosus and 1s
most often 1 the female Enlargement of the spleen 1s infrequent
Penuartenitis nodosa can be recognized by bropsy In sum any acute
febrile illness may enter into the differential diagnosis

Course AND ProGhosis The prognosis once extremely bad s
reasonably good with modern therapy It v probable that the sport
taneous recovery sate 1s about 2 per cent Hemsted (1913) reposted
recovery from an infection imvolving the tight side ot the heart
Chester (1937) records a case 1n which a patent ductus arteriosus with
subacute endocarditis recovered Other cases eust mn 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 mnudents may oceur with periods of apyreua m which the
patient feels relatvely comfortable The cause of death may be
toxaema embolism of vital centres uraemua or heart failute

TreATMENT Horder (1926) strongly advocated treatment along
sanatorium knes Until recently there were no specthics 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 in bas i d the of
this hitherto almost untreatable and fatal conditton It must however
be r that however the treatment with pemcilin
may be m aboltshing infection a number of deaths are wnevitable
these result from beart fadlure uraemua and mayor emboly

Before treatment 1s commenced the infecting organism should be
dentified by a blood culture and 1ts susceptibility to pentaillin and
sulphonamide drugs tested A bone marrow culture will often give post
tive results when other methods farl (Mallen Hube and Brenes 1947)
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Inadeq dosage of p ihn 1s prejudicial to later success British
experience (Christie 1946 Ward et af !946) suggests that the mmtmum
effective dosage of penicilin should be 500000 to 1 000 000 units 2
day 1 divided ntramuscular doses three hourly or by a contnuous
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 times as appears to be necessary In certamn cases a
refractory mfection may require massive dosage of pemcillin com
bined with sodium p amntohtppurate (Beyer ef o/ 1944 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 sumlar purpose and results 1 a fourfold nerease of
the penicillin level in the blood (Stuart Harris Colquhoun and Brown
1949

The results of penilbn 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
merease vatvular deformity and lead to falure Pemerim should
always be given for prophylactic reasons 1 patients where tonstifectomy
or tooth extraction 1s necessary




CHAPTER XX

SPECIAL METHODS OF INVESTIGATION

Radrology tr Con,emtal Cardiovascular Disease

Recent advances 1n cardiovascular surgery have made 1t important
that a correct anatomical diagnosts should be made as often as possible
if these benehts are to be apphied to the pattent A correct diagnosts
fortihes any prognosis that may be gnen It 15 thus desirable that
wherever posstble X ray exammation should be undertaken in order
to acqurre evidence of possible anatomical change 1o the heart and
great vessels

The first esseannd of radiological ¢ is a d d
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 thrs method 1s expensive when compared with an orthodiagram
st does not 1nvolve the prolonged darkness so ternfymng to youny
children A brief period of darkness 1s howesver essenttal as a prelimin
ary to a photograph and the opportumty may then be taken for a
fluoroscopic exanunation Screen examtnation 1s of great unportadce
n the observation of the pulmonary arteries and of hiar pulsation
The lung fields should not be neglected

The normal radiological anatomy of the heart s depcted i g 121
which may serve as a guide to the identfication of the vatious regions
of the heart The condittan of the aureles may be investimated 1 the
right ablique position preferably with barium 1n the oesophagus The
lett oblique view mav be valuable m coarctation of the aorta when 1t
may be possible to wentify the strecture of the aorta Recently kymo
graphy in the same posttion has proved valuable in contrasting the
pulsation of the aorta above and below the constriction (Laubry and
Balsac 1937)

The pulmonary artery 1s of great importance n congenital cardio
vascolar patholo,y and constitutes the second or muddle ar. of the
teft cardizc border the lower portion of the curve bewng formed by
the pulmonary conus 1t ss rarely however that these two conponents
of the arc can be separated but they may occastonally be recognized
in the congemtal cyanotic The hila of the lungs constst as shown by
Assmann (1928) pninapally of the dwiston of the right and left pul
monary artenes and the accompanying bronchus The left hilum is
olien hidden by the overlymg pulmonary artery and conus The
pulmonary artery and conus may be seen m the feft oblique position

8
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runming across the space beneath the aorta and just beneath the feft
bronchts This has been very clearly demonstrated and figured by
Schwedel and Epstemn (1936) This view admirable as 1t 1s 1 cases
where the pulmonary artery 1s dilated and consequently gives a denser
shadow 15 almost mapplicable 1n children and has a hmsted applica
tion where there 1s hypoplasta of the pulmonary artery Bedford and
Parkinson (1936) first drew attention to the value of examimnation of
the pulmonary artery with barum filled oesophagus Below the aortic

t Radialogical anatomy of the heart (After Parkinson 1933 )
Fio 12 1 Ameng‘r 2 tight oblique 3 left oblique position

n and best seen 1n the night oblique view 152 second Jmp;ccsd
sion lytag above that of the aunicle This 1mpressno? 15 most m;rxlrd m
1n those cases with pulmonary artery disease and ehn al’gemenlag""c’r
these cucumstances will be equally obvious i the antero-p

position of the patient

MPresstol
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Opinions have differed widely as to the value of X ray exammation
m relation to the diagnosis 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 dragnoss 1n a subject with obvious
Pphystcal signs On the other hand radiological examtnation may give
confirmatory evidence 1n a chinically suspected lestion 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 life 115 possible
to make a quite bl 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 1n 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 readily recognizable radiological changes
to which attention may be directed are discussed 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
1nconspicuous or even absent 1n 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 characterazes 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 nght pulmonary branch 1s clearly visible the left
branch 15 often idden by the conus and 1s revealed by rotation of the
subject Dilatation of the pulmonary artery occurs i a patent ductus
arteriosus  aortic septal defect pulmonary stenosis with a closed
septum  the Eisenmenger complex and 1n tntefauricular septal defects
Aneurysmal dilatation of the artery may occur 1n the latter as also
a patent ductus arteriosus Very rarely an enormous pulmonary artery
may accompany an interventricular septal defect Hypertrophy of the

F1G 122 The cocur en sabot 1 Pulmonary stenosis 2 Fallot 3 Fallot
4 to show part played by ripht ventricle

1 2
Q]

conus may occur n conus stenosis of the pulmonary artery and in a
few cases of the tetralogy of Fallot A rarer cause of dilatatton 15 an
fective arteritis Widening and pulsation of both hila 1s known as
Assmann s sign of pulmonary dilatation and s observed 1n the patent
ductus and other conditions of dilatatton of the pulmonary artery

The causes of dilatation 1n valvular stenotic lesions are hittle under
stood unless they are allied to defects 1n the walls of the vessels Expert
mental hgature of the vessel in animals has shown a poststenotic
difatation In other conditions dilatation 1s due to a shunt and to over
loading of the nght side of the heart

A straight left border to the heart may be found 1n the maladie de
Roger A concave pul y ar¢ corfespond to hypopl or
atresia of the pulmonary artery 1s found 1n the tetrilogy of Fallot
(fi5 122 Dimiushed hular pulsation and small hilar shadows wih
marked translucency of the lung fields characterize the tetralogy

ENLARGEMENT OF THE RIGHT VENTRICTE When the right vertricle
enlarges the enlargement 15 almost exclusvely to the left of the md
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hre With entarpement of the night ventricle there may be an alezation
sn the contour of the heart giving 1 a coeur en sabot sithouette (fig 122)
The apex of the heart 1s blunt and rased above the duphragm the
hypertraphied night ventncl. bewg visible as a comveaty below the
apex A coeur en sabot may occur in pulmonary stenosts with or with
out an smenentricular septal defect and i any conditton cavsing
night ventricular hypertrophy The left antertor oblique view furmshes
important snformation

SN
[ 09

Fit 123 The cardac sidhoucts s patent ductus arterosus wsth
machmery murmur

ENUARGEMENT oF THE LEFT VEnTRicLr The ohief andicanons are
an mereased curvature of the tower arc of the left cardiac border
(fig 123) The apex 1s depressed and displaced to the left The general
smpression 15 of hypertrophy of the heart {n the left anterior oblique
view eplargement of the left veninicle 15 readily recognized A hyper
trophied 1eft ventnicle 1s found in shght degree 1 spbaortic and aortic
senoss weoatctatan of the aorta where hypertrophy ey be marked
+f there 15 aortic incompetence and qecasionally sn the patent ductus
1t 1s a feature of abnormal origin of the left coronary attery from the
pulmonary artery

ENLARGEMENT OF THE HEART As & WHOLE fn wnfants and young
children tfarge hearts occur m the so called sdiopathie hypertrophy
glycogen disease abnormal ongin of the coTonary arteries  aortic
atres;n matral atresta tricusprd airesta persistent truncus arterosus
and 1 the cor tnloculare At alf ages a large heart 15 present m the

mterauncular septal defect and n anomalies complicated by aortic
incompetence
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ABNORMALITIES WITH A CHARACTERISTIC RADIOLOGICAL PICTURE

These are

Coarctation of the aorta

Patent ductus arteriosus

Interaurtcular 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 Electrocardiogram 1n Congemtal Heart Diseast
Emthoven (1908) first registered an electrocardiogram of congenital
heart disease and opened up a new field destined to become an ntegral
part of cardiac examination Steriopulo (1910) and other early workers
in the electrocardiography of congemtal heart disease assumed that
right axis deviation was the general finding in these circumstances
Usoff (1911) noted vanations 1n the electrocardiogram of four cases
of patent ductus artertosus and thus destroyed the conception of a
spectficity of night axis deviation 1n congemtal heart disease

1t 15 perhaps peculiar that there have been so few reviews of the
electrocardiogram 1n congenitnl heart disease The contributions of
McCulloch (1916) and Roesler and kass (1931) covered 112 cases but
there were only eleven autopsies Sitnilarly the reviews of Battro and
Quirno {1935) Katz and Wachtel (1937) and Drawe Hafkesbring and
Ashman (1937) lack post mortem control Schmtker (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 phystological and shows but little alteration from the
normal Tt 1s with rare exceptions 1n no sense dragnostic It 1s useful
1n that 1t adds to the completeness of the clinieal picture and affords
general confirmatory evidence

The general features of the normal electrocardiogram of the adult
are well hnown As the mvestigation of congemtal heart disease will
mostly be concerned with children the essential features of the electro
cardiogram 1n eatly age are briefly recapitulated In childhood the
P wave m lead 1 tends to be larger than sn the adult and i lead 2
may reach a height of 2 5 mm Inverted P waves are not uncommon 1
lead 3 The PR 1nterval vanes to a shight extent with age and up 10
about the fifth year 1s about 12secs At 141t1s said to be about 14520
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The upper limit of normal 15 about 18 sees The QRS complex shows
a right axis deviation at birth and with the enswng monthy as the
heart s aus rotates to the left a normal axis deviation becomes evident
A low voltage QRS in alt leads s rare sn chidhood The Q wave 38
large 1n lead 316 night axis deviation 1s present The R wave ts normatly
taller 1n lead 2 than 1n lead 1 and an R wave excess of 18 mm may be
considered as abnormal Slurring of the R waves 1f at all marked may
be d as fi The T wave amplitude 1s about the same
as 1n the adult Inversion of the T wave 1s common 1n fead 3 The rate
of the heart varies with the age of the patient The approximate rates
at various ages are given 1n the table below

Birth 130-150
1st month 120 40
1 6 months about 130
6 12 months about {20
12 years 110-120
2 4 yeats 90 110
6 10 years 90 100
10-14 years 80-90

It has been stated that abnormahties of the clectrocardiogram of a
degree that would be suggestive 1a an adalt are generally tadicateve of
candac damage 1 a child

The only path 1 1s that of the situs
1aversus In ths anomaly all the waves of lead 1 are mverted and leads 2
and 3 are transposed (fig 119} There are a few exceptions to this rule
as when z case of dextrocardia 1s complicated by other severe defects
or when bundle branch block 13 present An electrocardiogram will
differentiate between a congental and an acquited dextrocard@ there
being no msersion of the P wave 1n lead 1 1n the latter condition

One of the principal purposes of an electrocardrogram 1s to obtan
confirmatory evidence which when taken in comjunction with the
cluncat findings will Jend support to an anatomical diagnosis There
fore 1115 evadent that the findings of night ot lefi axis deviation may cast
valuable light upen the nature of 3 defect as changes 1 axis deviation
spealk for the relative mass of the two ventncles Right axus deviation
15 found chiefly where there 1s pulmonary stenosis with or without a
ventercular septal defect the most marked degrees being found 1n the
former (fig 124) It may also be found m other conditrons tending
to nght s1ded hypertrophy and 5 almost variable 1n the auricular
septal defect and 1n tucusprd sienosis and msufficiency A cor pul
monale always causes a right axis or a tendency thereto but not
necessartly of marked degree It must be remembered that 1n the early
weeks of life there 15 a night axis d so that i ot
examnation In extreme infancy may not have the signtficance and
confirmatory value that such an examination may have at a later age
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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 complicating abnormality The same reasoning has
been applied 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 In which an electrocardiogram 1s supported by
autopsy evidence prevents any dogmatic statement relative 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 etuology 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 condittons where
there 1s obstruction I the outflow portion of the heart as in aortic
stenosis or coarctation or where there 1s feft ventrecular hypertrophy
from other causes Left axis deviatton 1n the absence of bundle branch
block in a cyanotic case at once rules out pulmonary stenosis and 1s
generally due to tricuspid atresiabut 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

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 compleves 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
surveyed 43 congenital cases accepting 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 luded that a diph wave of the Iitude ndt
cated was confirmatory in diagnosis and that where the two phases
were large and of equal extent they were pathognomonic of a con
genital lesion A personal series of 300 cases similarly surveyed showed
such complexes m 30 per cent It seems probable that the diphasic
wave may have a certain confirmatory value but much remains to be
done before 1ts defimte p as a path feature In
! are not m

the author s expertence diph p!
children with rheumatic heart disease

A
‘ I‘ |
il

il

Fic 126 Abnormally tall ventricular complexes in congemtat
heart disease

An 1nteresting group of cases are those where there 1s a downwards
major deflection of the QRS 1n ail three leads (figs 101 and 102) Such
findings have been described tn the Eisenmenger complex by Talley and
Fowler (1936) and in the patent ductus arteriosus by Schnitker (1940) A
personal example occurred 1n the tetralogy of Fallot and 1n a persistent
truncus artenosus This finding 1s not completely explasned but ut
appears to be an expression of right ventricular hypertrophy

Seaham (1924) suggested that prolongation of the ST interval was
a charactenstic of these cases Our own serses does not fend support
to this view The T wave may occasionally be negatve in lead 2
particularly 1n cases with right aus deviation The T wave 15 quite
commonly negative m lead 3

An exaggerated P wave occurs 1n about 20 per cent of cases and 15
assoctated with auricular hypertrophy such as occurs i the cyanotic
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group or in the nterauncular septal defect The P wave 1s large i
lead 2 m these conditions and mav be tall and pomnted particularly
cyanotic cases with pulmonary stenosss or atresia and interauncular
septal defects An inverted P wave 1n lead 1 15 pathegaomme of the
situs mversus The P wave may be imerted occasionally in lead 2 and
frequently m lead 3 An mverted P wave n lead 3 may be assocrated
with Jeft axis deviation or with hypertension or may occur commonly
i the absence of exther of these conditions The P wave 15 inverted and

T

=

fie 127 Abnormal electrocardiograms m congenttat heart disease

follows the ventricufar camplex 1 nodal thythm as e the case of
1aubry Soube wnd Vincent (1938) A notched P wave 15 very owcasion
ally present

The abnormalities of conduction (fig 127) usually found are lengithen
mg of the PR interval aunculoventricular dissocatton and buadle
branch block Arbornzaton block has been reported by Nissé (1928)
The electrocardiogram 1s the sole method of accurately detecting such
changes A lengthemng of the PR mterval 1s not so common as might
he expected and seral have that
such changes are only tempor iry and are possibly the result of a rheu
matie process which may occur here as in any other heart In two cases
a fengthened PR mtervat observed by the author has been replaced
by permanent block In the absence of the rheumatic infection wineh
may be exchuded 1 115 actve phases by a sedimentation test a raised
PR mterval 15 suggestive of an mtervemnicular septal defect when the
other climcal findings are appropriate

Bundle branch block has been stated to be only of occasional occur
rence 1 congennal heart disease {Sampson 1948) bur personal
expenence differs from this view The characteristics of typical bundle
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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 nvolved
1n the pathological process Bundle branch block may also be associated
with p aunicul tcular d and 1 thus case may
be attributed to a defective artertal supply because the lower part of

Fio 128 Congemital 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 night branch 1s supplied by branches of the left anterior
descending coronary which abo supphes the lower 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 interventnicular 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

Nn)dal thythm 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

Angiocardiography

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 Garcia (1938) sucveeded 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
nozzfe 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 right 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 xdentify 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 1s 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 ut
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 ventncle 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 bronchsal arteries n cyanotic
cases by a combination of catheter and respiratory methods Depending
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upon the abnormality present there may exist constderible sariatron
m pulmonary artenial blood With large interventricular septal defects
or with the patent ductus muxture may be weomplete and multiple
sampling from a pulmonary artery branch may be necessary to yreld
an average figure The oxygen content of pulmonary venous blood 1s
calculated from a sample obtamed from a distal branch of the put
mnn:r) artery the furthermost point that the tip of the catheter will
reacl
The results obtained by these methods of examination have been
d ly tabulated by Bing Handel: and Campbell (1948) on

y
the appended table

RESULTS OF CATHETERIZATION 1N CONGENITAL HEART DisEsse

Analysis of Gases

Pressues
Mm of Mercur

RASO RA-RV-PA within 05 vol

Normal

Rv-250 per cen?
PA-258
Tetralogy of Fallot
Pregperative RV elevated O in RV snwmificantly higher
PA lower than RV than 1n
Postoperatne RV elevated 0, 1n RV significantly bigher
PA lower than RV than i RA

Eisenmenger s RV elevated

Complex PA systolic and duastohc
elevated
Pulmonary Stenosis RV elevated

PA lower than RV

Single ventricle with  RA and RV elevated
pulmonary stenosts

0, in R\ markedly hrgher
than 1n RA

RA-RY

0, in RV markedly hrgher
than m RA (greatest differ
ence obsenedy

Tricuspid Stenosis RA elevated
Paem guctvs Ry PA normal
Atteriosus

O
1 olated septal defects  Normal oc elevated

0 in RA significantly mgher
than ;m SVC

Q, 1 PA stgruficantly husher
thansa PV

RA simficantly exceed SVC
or RV exceeds RA

RA night aul
=t

ucle RV right ventrile PA pulmonary artery PC pulmonary
plary § systemi cireulation SYC superior véna cava




CHAPTER XXI

DIFFERENTIAL DIACNOSIS

The Recogmtion of Congemtal Heart Disease
Congenutal defects of the heart and great vessels are not uncommon
Many of the abnormalitics would be untmportant were it not for thew
hability to 1nvolvement 1n a bacterial 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 furmsh
additional advances 1n treatment makes 1t tmportant that diagnosis
should be as precise as possible

The recognition of congenital heart disease usually offers no great
difficulty and 1t should be possible to assign a case to 1ts particular
group and In many cases arrive at the diagnosts of the anatomical
fesion present Whilst exact diagnosts 1s possible in a number of
anomalies on purely chinical grounds corroborative and 1n some cases

or even path: evidence s furnished by the radio

graph and electrocardiogram

In the general investigation 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 Briush Istes the routine schaol
entrance record 15 a valuable source of information In some cases
some 1intercurrent 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 presumptive evidence of 1ts congenital etiology
The of the rh 1nfection 1s between the ages
of 6 and 12 consequently there should be a careful inquiry as to
theumatic antecedents Further as most congenutal heart lesions anse
before the eighth week of intra uterine Iife the general question of the
mother s health during the early weeks of gestation should be explored
1f only for academic interest If this were done as routine and data
collected concermng the time of occurrence duration and nature of
mfections or illness during the period of pregnancy much hight
mught be thrown upon the problem of foetal endocarditis and upon
the genesis of cardiac defects In practice 1t 15 rare to obtain a hustory
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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 recogmzed 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 or a very Jow pressure may be of diagnostic significance
The occurrence of nfective 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 stlhouette 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 indmvid lesions The
electrocarditogram 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 catheterization and cantrast 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
certam 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 1nto 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 exerene 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 dimmshed
and a murmur may be absent or if present 1t may under the ifluence
of stresses tending towards the equalization of pressures between the
two sides become diminished or disappear Thus tn 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 famnt 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 put 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 mmnety
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 mn the neo natal period On the other hand grave casduc
anomalies are eatly recogmzed because they give rise to both symptoms
and signs

In regard to fater childhiood Holt (1932} states thata systole murmur
15 present 10 about 50 per cent of pormal children Other authorities
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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




304 CONGENITAL HEART DiSEASE

CLINICAL DIAGNOSIS OF INDIVIDUAL LEstons A summary 1s green
below of the principal diagnostic ponts mn certain lestons that are
recognizable Reference should also be made to the classification of
Abbott where defects are arranged according to the preseace at
absence of cyanosis and the degree of cyanosts presented

SUBAORTIC AND AORTIC STENOSIS A systoltc thrill is felt 1 the aortt
area and a systohic murmur 15 conducted along the vessels mnto the neck
and axillae Thrill and murmur are maximum 1n the second right space
In aortic stenoss there may be alterations tn the aortic second 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 ikely fo
occur in aortic stenosis 1nd may amount to actual dwarfism The radto
graph shows a shghtly entarged left ventricle and the electrocardiogram
normal or left axis deviation

COARCTATION OF THE AURTA A systolic murmur 1s present over the
base of the heart and 1s charactersstically heard along the borders of
the vertebral column It may also be heard 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 pathognomomc notching of the under surface of the
nbs and there 15 usually a small aortie knuckle Ieft axts deviation
may be present but 1t is more common 1o find a normat axis

ISOLATED VENTRICULAR SEPTAL DEFECTs A systoltc murmur occu
pies the whole of systole and 1s usually loud and rasping 1n marked
contrast to the absence of symptoms The murmur 15 foudest m the
fourth left space close to the sternum and 1s heard in dimimshed
1ntensity at the periphery A thrll frequently accompantes the murmur
There 15 no definite radwlogical pieture The electrocardiogram is
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 i diagnosis partrcularly m those
cases where a thrill 1s absent Recent developments 1n phonocardio-
graphy hold promise of being of great value i the diagnosts of these cases

PATENT DUCTUS ARTERIOSUS In 1ts most typical form a machmery
or continuous murmur 15 heard m the second left space close to the
sternum and 1s conducted towards the left clavicle The pulmonary
second sound 1s accentuated or d Ewvidence of d of
the pulmonary artery 1s furmished by Gerhardi s ribbon dultness 1
the second and third left ratecspaces There may be a characterisic

h of a dilated pul y actery but this 1s not mevitable
Hilar pul may be p The shows no
abnormality

PERSISTENT RIGHT AORTIC Arch The diagnosts 1s manly radio
Togical but there may be dullness to the right of the sternum 10 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 ustal situatton

AURICULAR SEPTAL Drrects Dyspnoea 1s habitual Pallor with
shght cyanosis may be present the cyanosis being vanable and more
pronounced with exertion Symptoms characteristically appear i 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 recognized but not so frequently as
post mortem experience would anticipate Alone 1n congenital heart
lesions auricular fibrillation 1s not infrequent and 1t occurs m those
cases comphicated by mitral stenosts or hypertension The radiological
picture shows gross cardiac enlargement with a Jarge promunent
pulmonary ar¢ large comma nght pulmonary branch and a small
aortic knuckle Right axis 1s present 1n the electrocardiogram

PULMONARY STENOSIS wiTH A CLOSED INTERVENTRICULAR SEPTUM
Cyanosis may be absent until the third decade but once 1nstalfed 1s
usually progressive There 15 a systolic murmur and thrill 1 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 manly 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 1
the lung fields The electracardiogram 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 diastolic murmur of
pulmonary incompetence has figured in the reported cases The diag
nosis 1s maiply radwological and 1s based upon enlargement of the
pulmonary artery Right axis 1s present m the electrocardiogram



CHAPTER XXII

GENERAL PROGNOSIS AND TREATMENT

The probfems of prognosis are so varied that some consideration has
been given to them 1n the discussion of the individual defects There
are however certain general principles which may be apphied to the
different groups of cases The congemtal heart defect differs from all
other heart lesions m that 1t 1s permanent and stable from birth The
patient becomes adapted to his lesion and 1s able to tolerate much that
would be virtually impossible had the defect been acquired at a later
age The relation of the defect to the heart as a whole may vary 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 lability of the subject of
coarctation to break down in 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
conformatton and retarded development of the patent ductus arteriosus
with a farge shunt The prognosis thus turns upon the stresses and
strains to which the anomalous structures may be subject and the
degree of mterference to the circulation tmposed by the lesion These
stresses are most likely to occur 1n infancy or during early adult Iife
T actual knowledge of the prognosis of congenital heart disease 15

largely based upon post mortem statistics These are open to the
criticism that tn general only remarkable or peculiar cases are reported

and no account 1s taken of the hving The icidence of congenital heart
disease 15 to some extent influenced by the mterest of climcian and
pathologist and 1s naturally higher 1n 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 artertosus can hardly be regarded a» an anomaly

The ever present danger 1n all groups 15 nfecttve endocarditis The

Tisks appear to be greater 1n the acyanotic group and Abbott s statistics
show an mcidence of 22 per cent cases with mfective endocarditis 1n

this group compared with 14 per cent in the cyanottc groups The

disparity m incidence between the two groups may perhaps only be

superfictal fov as Perry (1937) pomts out the acyanotic case fu es

longer than the cyanotic and consequently the nisk 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 significant defects according
to nisk as follows interauricular septal defects none 1nterventricular
septal defects 57 per cent patent ductus artertosus 20 per cent
bicusprd valves 174 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 1n the cyanotic
case with a dexuoposed aorla

The of berculosis 1n 1 heart disease
has long been a subject or discussion and controversial opimion
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 ttme
Peacock (1866) menttons mine cyanotic cases with pulmonary tuber
culosts The recent French hiterature furnishes a number of examples
Abbott (1931) Iists 110 cases with pulmonary stenosss of whom 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 congenrtal heart
disease all with phthisis In the acyanotic group Abbott s figures dis
close 55 per cent with phthisis the highest sectional incidence being
1n the interventricular 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 it was uncommon in the cyanotic case In our own
experience 1 and cyanotic I heart disease has
occurred ten times and six times n acyanotic disease It seems there
fore that there 1s some ncreased hability for the cyanotic case with
pulmonary stenosis to develop phthusis This mncidence requires
explanation for 1t has been argued that cyanosis should protect the
subject from pul 'y infection as plified by the low
of phthusss 1n mtral stenosis In this Jatter condition 1t has been sug
gested that an excess of blood in the pulmonary arculation may be a
factor 1n because pull by inducing pul
monary fibrosts nught well protect lhe subject agamst 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 fungs
Modern studies of the circulation 1n the lungs have shown that blood
airculates in them at a relatively low pressure and the position of the
subject largely determenes the amount of blood that reaches the apex
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o base In recumbency when the efficts of gravity are semoved the
urculation in the lunes mnereises venous pressure fises and the output
of the heart may be increased by as much as 30 per cent Lymph fo
increases with nise of venous pressure and when 1he patient 1§ (6
beat removal of bacterra from the lunys 1s effectwve at both the apies
and bases In the upnight or orthopnoeic position venous pressire ¥
low and arterial flow reduced at the apices of the Jungs The ougin @
the night pulmonary artery at an acute anele to the direction of flow 1
the pulmonary conus nd ts tortuous pith round the aorta lead> ta 2
definite fall in pressure along 1ts course and Dock {1947) states that
the apreal third of the night lung and the apical fourth of the feft fun®
have practically no effective flow for two thrds of the day tnsedend
people Lymph flow also decreases and accordingly antibodies form
n the body and antibiotics given parenterally do not reach these 85
An 1deal sityrtion 15 therefore created for the development of tuber
culosis in these areas where dust bacteria and tovins cannot easily &
removed It seems therefore that pulmonary artertal flow 15 th;
erucal factor for pulmonary stenosis lowers pulmovary arien?
pressure whereas n mutral stenosis pulmonary ategsal pressu® 'S
considerably elevated Other changes such as oxygen wpsaturation 8
increased carbon dioxide tension or alterhions i the Ph of the bk
have been discussed by Gloyne and Shiskin (1937) In our o¥n opr1 0t
tuberculosis wn the cyanotic case 15 more common than s b”]"
Intherto supposed The general chnical features and course of’_PJm
ggnary tuberculosts 1n congenttal heirt disease are no d ferent rict
A ::”m cases without heart discase The patient has a g0od F;:" )}:Id‘
he under e BAIBOR of his disease because of the frequery Lty
For e eer‘goes X ray examination on account of fus heart abnormhcm
lenon tment bed rest may be sufficient but the preserce of 8 Tl
g eon IS not a contradictton to collapse therapy This fras suceess ot
thccrr:; carried out on several occastons It 1 well to msttute Cofsfg’fl’”
of adl;ly at an early stage before adhesions have formed The Pre )
o €S10ns may have a certain value 1 providing 8 colfaterdt C” o
adh?;mwm:, the ‘tetralogy of Fallot and the actual Pmd“mzwu
Monaids s & Blace In the treatment of this condition The per’
the “ca(mmﬂ 0ds of closing cavittes mav hive consider bl m[“.u:l
capacity ent of these patients a5 they 1nvolve hitle fessentfe o
The incidence of the rheumatic mnfection 1n cases ofcanEﬂ"”I heart
di ease 1s a matter of mterest because acquired rheum 10 hear ot
appears €0 be faisly common 1n congenit il hert cases qhn¢ reach et
lfe Thisis patticularly trye of the interauricular septat defect (ROEY =
1934 Bedtord Papp and Parksn 1941 Burrett and White 1945) -
high 15 the 1nctdence of mtral stenosis 1 the anomaly that 1115 e
fiable to suspect that in a propottion of cases mitrl steno 15 M3Y
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the primary event leading to the transformation of a potentially patent
foramen ovale nto a wide aperture Gelfman and Levine s series of
congenital heart disease showed a superadded rheumatic infection 1n
14 per cent of cases A prediection to rheumatism has also been
noted 1n respect to bicuspid aortic valves

With certain exceptions 1n those cases where there 15 no communica
tion between the two sides of the heart and in 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 activities allowed should be proportional to the
subject s capabilities Where there ts no communication between the
two sides as in aortic stenosts or coarctation there 1s a nisk of stramn
Coarctation demands especial consideration In many cases 1t 15 as
well tolerated as other defects but certain danger perniods are undoubt
edly present These occur duning early adult hfe when faure 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 assocxated cerebral aneurysm The comeidence of
aortic f: able Severe hypertension
stgns of tmminent fallure and cardlac enlargement are indecations for
operation 1n the young The adult case should in the hight of present
knowledge and experience be judged on its mersts In subaortic
stenosis a leston that offers very hittle impediment to the circulation the
outlook 15 reasonably good although sudden death may occur here as
1 other forms of aortic stenosis It may be said of the acyanotic group
as a whole &hat the pmgnosxs 15 reasonably good when certain features

U

are el are the presence of gross
enlargement of the heart this being most likely to be found in cases

d by aortic or by high grade obstructive
valvular lesions There 15 a considerable incidence of nfective endo
carditis The presence of high blood pressure and 1ts complications must
1newitably lead to some restuction Death 1n the group 1s most hikely
to be due to a complication of intercurrent disease Sudden death may
occur m stenotic lesions and congestive failure 1s rare In the group
with cyanose tardive the prognosis is quite good In the maladie de
Roger statistics show that there 1s considerable nisk of infective endo
carditis Congenutal heart block may be a complication but generally
causes little inconvenience to the patient Isolated mterventricular
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 15 a considerable strain on the heart and
further there 1s a high of infective end Surgical
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treatment may be dently re 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 becomes grossly enlarged and avncular fibrllation
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 proporiion 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 cyanosis and the severity of symptoms Cyanosts appearing
i early childhood 1s of serious prognostic import although some
regression of cyanosts may occur (Wilson [936) 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 a comparatively long if restricted Ife There are
however exceptions to this broad prognostic classificatton but n
general the pentod of active growth at puberty 1s a critical tume
Observation of these cases over a pertod of years shows that the degree
of cyanosits may remain singularly constant and suggests that there
15 a need for revision of the current 1deas ol prognoss mn this group
An 1solated blood count has not the same sigmificance as blood counts
taken at mtervals A nising blood count 1s of serrous 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 bactertal mnfection Each case must be considered
on its ments bearing 1n mind the high mortality m early childhood
from the seventy of the defect The presence of symptoms 1s 2lmost
invartable 1n the group and the more sevese these are the more serious
the outlook Surgical treatment offers the only posstble help for the
patient and should be employed wheneser 1t 1s possible to establish
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that the fundamental physiological difficulty 15 an wadequate blood
supply to the angs

PrecNancy Congenital heart disease 1s a comparatnely rare finding
in pregnant women because the magonty of patests with senous
congenstal heart disease die before the age of puberty There ave many
wofated examples of congemtal heart disease and pregnancy 1 the
i but few collected serses D Ison and Pardee (1941) have
reported twenty of thewr own cases There was no mottality 0 thee
series contrasting with the 11 per cent mortality of 135 cases collected
from the literature With the posssble exception of coarctation preg
nancy does not appear to be contra wdicated i acyanolc congenitat
heart disease Naturaily each case must be judged on s ments and
unfavourable powts are mmportant cardiac enlargement signs of
fauee or of 1 In our own ey we have
observed uncomphlicated preguancy n a wase of subaorfic stenosts
five cases of patent ductus artersosus and three cases with an aupcular
septal defect There ts 3 very defimte nisk w cases of coarctation of the
aorta and Mendelson (1940) after the study of three cases of s own
and inenty pine from the terature decided that of pregnancy was
discovered early therapeutic abortion was desirable If termunation
was not feasible delwvery should be effected by Caesarean section and
the patsent steritized He observed that there was definste detenioration
of the patient s condition during pregnancy and his analysss shows five
deaths due to aortic rupture cerebral acerdests cardiac fadure or
cudocarditis Personal expertence with four cases confirms the view
that is & & of p 'y and preg
nancy 55 best terminated by Caesarean sectron and stenhzation per
formed Each of these four cases were referred from antenatal chaes
wath a diagnosis of hypertension and the sverage panty was 25 The
frequency of pregnancy wn the Lutembacher syndrome 15 a feature of
the reported cases of this group In cases such as the patent ductus
interventricular or auncular septat defect there 1s a danger of reversaf
of the shunt if much basmorrhage ocouss and these dangers should be
waiched for and forestalled or promptly treated by appropnate
transfuston and other means

1t 1s rare for pregnancy to be observed wt the severe cyanotie Case
partly because few cases attaw the reproductive age and partly on
account of placed upon in this state Shapiro
and Stmons (1934) were of the opimon that congenrtal heart disease
even if associated with severe ¢yanosts was not i atself a contra
sndication to pregnancy Naturally the eyanotic case Tepresents the
most severe type of congenital heart anomaly and pregaancy 1s best
tesminated early If some compeling resson ewsts for continung the
pregaancy delivery should be by Caesarean section Experrense i the
surgery of cyanotic congenstal 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 or operatt
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 during working hours Where 2 fatal attack
occurs presumed to be the result of some strenuous effort or where
ncapacity arses from sinilar causes compensation may be sought for
sllness or death ansing out of or durng the course of employment
Tnfective upon of a small abrasion
or punctured wound sustained during the course of employment may
be p bl { hypopl: of the aorta and of the
coronary arteries has been the subyect of a clarm agamst a school which
was held to be lable for the sudden death of 2 pupil Apart from the
above aspects sudden deathn congenital heart disease may be a matter
of interest to the coroner T Skene kerth (personal communication) in
1 280 autopstes performed for the coroner found twenty two (1 7 per
cent) cases of congenital anomaly seventeen of these cases being
the age of one year
bc!{'):mmsr%'r The »eﬁy nature of a I cardeac defect
of a stable anatomucal change 1n the heart makes treatment a matter

4
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of adjusting the patient to his defect and to his stfrmundmgs Cense
quently each case has to be d and s
determined by the capability of the pattent As in many cases nothing
can be done to remove the defect it 18 of great importance to make a
correct anatomscal diagnosts in order that the patient shall not be unduly
restricted 1 his activities

Preventive treatment for the reasons outlined in the discussion on
pathogenests (pages 25 27) awms at guarding the health of the mother
during the first two months of pregnancy the cntal period when
foetat abnormalities occur This offers great practicat difficulty because
the case of pregnancy rarely presents utself until this time s passed
Pregnancy should be discouraged or forbsdden where maternal health
1s bad or where active rheumatism is present because of the possiblity
of a foetal endocarditss Rubella s the first three months s an indication
for therapeutic abortson The older the parents the greater the risk of
abnormality 1n thewr offspring

The habiity to infectine endocarditis makes the presention and
treatment of focat sepsis of paramount importance in these cases
Colds and sore throats should be carefully treated Stress has been
faid by Okeit and Ellsott {1935} an the umportance of tpper respiratory
snfections and dentat sepsss 1n refation to bactertal invasion of the bloed
stream and ! t of the end Any operat
procedure such as y or dental extracton should be
preceded and foflowed by full doses of penictthn The ordinary wnfec
nons of childhood appear to be well tolerated Scarlet fever may be
dangerous and we have seen infective endocarditis develop wath this

1 ble P
P

disease [ In may be & agamst

stramn must be afforded to those cases with symptoms and 1 coarctation
of the aorta in the latter case 1t 15 well to place some resinictions on
athietics

In the cyanotic case 15 mamly sy and a grear
deal can be done to protong fe by careful traming of the patient and
hss mother Meticulous case 15 necessary with regard to sepsis and

y ad lly enhance the degree of cyanoss

present The pauent should be p from of
and tus itfe carefully regulated The exereise permuted depends upon
the state of the patient It ¥s remarkabie how soon a cyanotic chuld
learns what exertion he may tolerate Odgen 1s genesakly qumite value
fess because 2 large shunt prevents blood from reaching the lungs It
may be tried sf there 1s a pulmonary factor present but no permanent
wehef can be expected from prot hal. Syncopal attacks
may be treated by adrenatin V may ly be tem
poranly useful 1n rehef of the nght side of the heart Digitaks has no
place 1n the treatment unless congestive failure 15 present Cough may
be treated with sedattses or with a luctus
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We have always made 1t a guiding principle that the bulk of case:
of congenital heart disease are unable to perform heavy manual work
They may best gain thewr hvelthood m sedentary occupations anc
consequently the more education that they can get the bester are ther
prospects of work Even n the cyanotic group we encourage the
children to go to school 1f only for part ume In our experience the
eyanotic child given the same educatronal opportunity 1s at least as
intelligent as his normal fellow 1t 1s a great mistake to segregate these
chuldren 1n special schools for an mfertority complex 15 500n estab
Iished and may remain throughout Itfe Even if the child learns only to
read and wnite he at least 15 able to amuse himself Those who are
accustomed to work in school chintcs must regret the absence of
education in some of the children who survive many years after
school age

Undoubtedly the mmnor types of congenital anomaly can partiipate
m all activittes but 1t 15 desirable that there should be some sort of
superviston of the case so that of any enlargement of the heart 15 sub
sequently detected or if any symptoms anise the amount of exertion
can be diminished

SURGICAL TREATMENT OF CONGENITAL HEART DISEASE Success in
the surgery of congenstal heart disease not only depends upon the
technical skill of the surgeon but also upon the proper selection of
cases likely to benefit by surgial intersention Certain operations
as for example that for patent ductus arteriosus have now been done
so frequently that therr value 1s well established It may be open to
argument as to whether all cases of patent ductus should receve
surgical treatment It is at least certain that operation mummises the
chances of infecttve endocarditis and prevents the development of
heart fatlure at an early age Its value 1s obvious in children who show
cardrac enlargement easy fatigability and failure to develop and put
on wetght If surgery 1s entertammed the appropfiate time 1s from the
age of 5 to 12 The operatton may be undertaken at later ages and above
all 1t should be performed without hesttation or delay m those cases
where infection 1s present

In regard to the operation for coarctation of the aorta we are on
different ground because 1t 1s well known that many cases survive fo
a ripe age without nconvenignee and with therr lesion unrecognized
Equally 1t 1s certatn that m¥hy cases perhaps about two thirds die
or are 1ncapacttated before the age of 30 The problem then is to deter
mine which 1s the case that 1s most suitable for operation 1t 1s evident
that there 1s a prima facte case for surgical mtervention mn those cases
with severe hypertenston cardiac enlargement and signs of faiure at

an sarly age The operation 1s best performed duning chilghood and
carnies less risk than at a later date when degenerative changes in the
aotia make anastamote procedures more difficult
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in regard to cises of cyanosis and particularly those cases that
exist rather than Ine the Blalock Taussig or Potts operations are the
only radical treatment that can be offered and sf ynvestigation proves
that the case has a leston likely to be benefited by operition 1t 1s right
to encourage the pattent to take this chance The tmmedtate benefits of
successful operation are remarkable and the child is enabled to take
1ts place amongst 1ts fellows and enjoy a large measure of activity
hitherto completely demed to 1t Carditac enlargement occurs mn a
proportion of cases subsequent to operation and perhaps where this
ts excessive failure may appear early After all operation places the
patient 1n the postion of a case with a patent ductus artenosus It ss
too early to assess the final result of operatton but 1t 1s the best treat
ment that 1s available and 1t should be encouraged m suitable cases
In a few cases 1t might be worth while considering the creation of
pleural adhestons 1n order to mcrease the pulmonary blood supply
by a system of anastomoses between the vessels of the pleura and the
bronchial vessels In certatn cases of uncomplicated pulmonary stenosts
the draphragm causing the leston can be severed with benefit to the
pautent (Brock 1948)

Lastly there are those cases where the trachea and oesophagus are
encircled by a vascular ring Dragnosis s difficult but the condition
may be suspected 1 children with strrdor and difficulty 1n swallowing
solid food Recurrent bronchual infection 15 alsg common m these
cases diol 1 compresston of the
trachea and oesophagus and the case can be dealt with on 1ts merits
as disclosed at operation

The surgery of congenital heart disease represents a very notable
advance 1n phystological as distinct from exurpative surgery No
doubt time will disclose other lesions amenable 1o surgscal treatment N







BIRLIGC RAPIN

Abbott M E (1915) Bdl Tuternat 4 soc Med Mus 5 129

Abbott M E (1919) Contrsbutions to Medrcal and Brological Research 2 899

Abbott M E (1927) In Osler W and McCrae T Modern Mediane Ed 4 4

Abbott M E (1928) 4mrr Heart J 3 381 7

Abbott M E (l9JZ)Conmbuuons to lh:MedchlSclenm in Honour of E Libman
W % 3

e OF
Abbott, M E (1536) Atlas of Congeatal Heart Discase New Yor
Abbolf M E 1i937) 1n Ivelson 3 New Loosw feaf Mediune 54 s 5207
Abbott M E and Kaufmann J (1909'10)J Path Bact 14 525
Abboit M E Lews'D S and Beatie W W (1923) cmer J Vied Sct 165 636
Abboit M E and Moffatt W (19°9) Canad Med Ass J 20
Abbott M E and Shanley E (192 )] Tech Metho s 8 s ©
Abbowt O A (1931) dmer Heart J ' 2
Autken J K (199%) Lancet 2 1375
Alloutt € A and Rollesion H D) (1909 System of Medicioe. London 6 282
Allen A € (1931) Amer HeartJ 2
Altschuale M D (1937) Amer lIeartJ i
Amberg S gnd Willius F A (1926) Amer J *pis Chid 32 99
A & User o Toch Atesh 115 103
Ameulle P Ronneaux G Hinault V. 'Degrez and Lemaune (1936) Bull et Mem
Soc Med d Hop de Paris 60 729
Amsler, € (1912) Berl ki Jischr 2

1600
ntopol \V Hulbrunn 3 and Tuchman (1934 Ame J Med Sci 188 354
Arnitaga F ¢ Donovan C and Taquint A C (1938} Rev Argent de Cardiol § 39
Arcl hcr R S (1878) Dublm./ Med Sci 65 40
Anet M B (1930} Vurchous s Archiv 1930 277 S0t
Arkir A (1936) Amer Heart J 11
Ascennr A (1947) arch Salad Coeur 40 "02

Assmann H (1978) Die Khmsche k der inneren k
P24

Leipzig
Audibert Vv {1933) Bull Soc Med Hop Paris 7 1
Averbach $ H and Harper H T (1947) Amer Hearl! 1
Auverbach O znd Stemmerman M G (1944) dmer J Med S('l 207 218
Babuington B G (1847) Trany Path Soc Lenion 1 55
Bacht G (1310 J Exp Med 15
Bncr R W Taussig H B and Oppenhetmer E H (1943) Bull Jokns Hophing

Bmlhe Manhew 0793) Tr Soc Improsement Med anl Char Kn wixdge London

n C “ and Parkinson J (1943) Bet HeatJ § 97
Ba]fcur G W (1898) Diseases oflhc Hc:m and Aorta London Ed 3
Ballet L (1380) Arch gén \éd 5

g:mc‘r)taAX E 3935) nd;anl.;l l’rda[!)Z
arclay Arcs arror B and Franklin Kk 9.
5 Gy ) Bamar ind Franklin L 1938y J Physial

Barchy A E ?grcmﬂ J Barron D R and Frankln K L (1939) Brr J
erchy A E Barcroft 3 Barron D ¥ and Frankhn K L (1941) dmer J
Anat 69 383
Barclay A E Franklin k. L and Prichard M M L (19423 B 1t J Rodio!
Tarclay A E_ Frankln K J and P hard M 9.
A anklin b { M L (1943) The Foetal Crrcula

Bard L (1819 Ar & Mal du Coeur 30 97
Barg L (1921)stad 14 21
Barc

L and Curtillet J (1889) Rev Med 9 94,
Bane E (1866) Rev de AMéd 6) 34; o cme b

317



318 CONGENITAL HEART DISEASE

Barnard W G (1930 Quart J Med 23 305

Barnard W G (1938) S Path aniBuct 47 345

Barnard W G (1939) St Thamas Hosp Repts 2ud Series 4 72

Barnes A R and Whitten M B (19°9) Amer Heart ) 5 14

Barrett N R and Daley R (1949) Brit Med J 1 699

Battro A and Quirno N (1935) Rev argent Cardiol 2 335

Battro A and de la Serna A (1937) Rev argent Cardw! 3 427

Batts M J (1939).1 Thoracic Sur, 8 565

Baumgartner E A apd Abbort M E (1‘729l Amer J Med Ser 177 639
Bayford D (1794) Mem Med Soc London 2 275

Bayley R H and Holoubck J E (1940) Brir Heart J 2 208

Bcalu: W W (1925) fnt Am Mus Bull 11

Beaujen A J de and Bége R (1937) Arch Mal Coeur 30 977

Beaweu J and Dtnmusss (1939) Arch Mal Coeur 32 141

Beavan T E D and Faitr L {1947) Brut J S, m

Bedford D E (1929) Proc Ray Soc Med 23 |3

Bedford D E and Brown J W (1937) Brttish En yclopaedm Medical Practice 6
Bedford D E and Parkinson J (1936) Brit J Radiol 9 776

Bedford D E and Papp C and Parkmson J (1941) Brit Heart J 3 37
Bellet S and Gouley B A (1932) Amer J Med Sci 183 455

Bellet S5 and Stewart H L “933) Amer J Dis Chl{ a5 1247

Benn J (1947) Brit Heart J 9 283

Benpett L R (1946) Bull Hist Med 20 539 547

Bermutz (1849) Arch gen Med Paris

Bernard € (1859) Lecons sur les pmpnelés phystologiques de shquides de 1 orgarsme

Panis

Be}e; Kk H7 Fllnp;n H Yerney W F and Woodward R (1944) J Am Mel
5506

Be)=§ K H \\’DOded R Peters L Verwey W F and Mattis P A (1934)
cience p

Bigger I A and Lippert K M (1937) Surgery 2 5

Bing R J Handelsman J ¢ and Campbell 4™ A (i9~¢8} Yod Conceprs Cardir
rascular Disease 17 3

Bing R | Vandam L D and Gray F D (1947) Bull John Hopkins Hosp 80

Biorck G and Crafoord C (1947) Thorax 2 65

Bishop L F Jor and Trubek M (1936) J Teck Meth 15 111

Blackford L M {1928) Arch it Med A1 702 (1930) Arch ml Mt't/ 45 631
Blackford L M_and Parker F P (1941) Arch it Med 67 1

Blalock A (1947) Ann Surg 125
Blalock A (1947) Discussion at lmcrnmmn-’ll Conference of Physicians London

Blalock A and Park E A (1943) Annt Sur, 119 445

Blalock A and Toussig H B (1945)] Amer Med Assoc 18 189

Bland E F White pD and Garland J (193%) Amer Heart J 8 787

Blechman G_and Pautin A (1922) Arch Mal du Cocur 15 472

Bobn H sms; i Wichr 17 907

E A and Bedford D E 0924) Lowcet 2 147

Bonnet L M (1903) Rev Medecine 23 108 255 335 418 481

Botallus L_(1660) Opera Omn:a Medca et Chivugica § van Home Ed Obs 3

Boutllaud J (Ixu;'s’ D.cuon?j;urc de néed[i.;.e' et de zhl%rgxe pratigucs Parrs
witaud J (1835) Traite Clintque des Maladies du Coeur Paris

m rpe G Keele kD L qo R) ﬂndSw:un R H A (1931 Lancet 2 343
uu R (1887) Trans O

“S,d L N raat TR (195 Amer Hears 4 18 8 )

Bridiey E B and Maxwell E 'S (1928) S Amer Med Ass 91 135

Bmmw:ll C (1932) Bn/ HeartJ 5 23 (1947) Byir Hears J 9 100
Brandeburg G El él 7?:.,233_ de P;ms

Braoham H M (O ' dw;men J V (1945) Amer J Med Sel 210 480

£ S Weens H
Brsmon B S (1943 smer Heawrt S 3



BIBLIQCRAPIY k13

Brenaer € (1938) Belrr 2 Path Anat U alle Poth 101 417
Brenncr Q (1935) Arck it Med ‘5? 211 457 7129 976 1189

H (1942) 7 Tech Meth 22 HO

Brnozx ¥ (1885} J Anat and Physiol 0 26
Browhner R J {1939 Pror Soc Exper Biof ond Med 48 203
Broussean b (1978) Mongolianismy lhmm oTe
Brawn D v (194} J Teck Meth 22 M
Brown E E (1947} Aorth est Med Sraﬂlt 46 88
Brown } W (1939) Lanm l u
Brown J W (l93~\llbld
Emv\n 3 W (1936} Arch DIS C}uldh it 275

wi 3 W (1943) Bradshaw Lecture Royat Coflege Physicrans (unpubhsbeds
Bmmhk 3 1937 Aun Soc Tchécost vaque Cardiol 3 VR
Bann r G {1898) Drsch Med Waschr 24 794
Bunhmdn G (1864) frans Parh Sce Lond 15 £9

b H T Jones 3 C and Dolley F § (1940)J Thorocre Surv 9 413

Burcl\:ﬂ 1 B Bowen T Pollack A A Dushane ¥ W and Wood £ H

14948 Proc Staff Meet Mayo Clinr .3 507
Rurchell H B and Clapett O T (1947} Amer Heart J 33 1
Burms C G Holtander A G and Crawford 1 H (194) 4"!" Heart J 16 415
Brrew J B and White P D (1945) Amer J Med Ser 209 335
Bymn F (1948) ) Thor Surg 37 7

Can 3 C (1945) Amer Heort § 30 202
Calo A (1937) drch Mol dy Coeur 30 305

Capps I A (9) Yrans Ass Amer Phys 31 S
ms M L Rechie G and Musser § H941)Amrr Hearrd 2t 522
Larpen( ¢ C (1908 Proc Roy §  Met 2 18
Camnngton G L :md Krumbhaar F B (l‘) B Amer 7 bis Chidi 27 433
Canteffanos A Pererras R and Gare A ()9‘8) Press Mid 8
Cathala 1 (19 8) BH” ﬂ mem Soc mé! 4 hop d Pans 50 U
Cathafa § ard Emam Zade M (19 ) Arch Mf du Coeur 35 \39
Cathala I and Tla,cr-!nd(lq.él Bull et mem 5 ¢ méd d h p de Pans 53 SO0
Cauldwell E % Swkert R G Limger R F and Anson B J {1948) Surg  Gin
lmd [ S 5
Chapman € B and Robbins § L (933 dan ot Med 21 312
Chase R E Q9% 7 Trrh Meth
Chavez L Dorbecher N and C:lu A l1947; drmier Hpart 5 33 60
Chester W (1937) Apter Heort J 13 4
Chian H (1897 ZAegI('r:Beur FPath Amz 22
Chown B and Schwalm ¥ G (1936 Ame J Dﬂ Chhl 56 4.7
Chastan H A U933) M ('ln North Ame
Chrstie A (l?)Dl Aater J Dis Chi l 40 3 !
Chnste R ) Brit Afed 7
Chastellter E (1916—)7) ¥ trehon xAI 13 Pnlh Anat 223 40
Chgcn Q T (1947) Proc sm,r Meer Mao Chme 22 33)
e E H d]ukl E (154 } Amer Hear(l 24 205
Cuc ayne E A (1938) Quart J Med 7 &
Coffenn T H (1929) Amer Hearr J
Co)umbus Realdus (1339) De Re Anar 15
Cooke W T and Clonkc P C P (1943 Enl Heary J 5139
Cookson H (1936) La 623
Coommbes C F (1976) Brnrol Med Chr 7 4% 1
Comer B and Pecey B $1942) Bras Hearr J 4 1%
Cow}x:aﬂ I N (1806} Essau sur les maladies et Yes Jesjons organiques du Coenr
aris

Corvisart 1 N 118134 Trane des Malodies s Corw 2 639D P,
Cossio ¥ and Arand R S QINN B2 A a) Met Pa s n7 £



320 CONGENITAL HEART DISEASE

Cossio P and Bcnonsky 1 (1936) Rev argent Cardml

Cossio P Arana R S Berconsky 1 and Krenzer R (1938) Semana Med B
Atrres 2 362

Costa A (1930) Arck Clin Med 9 305

Costa A (1931) Cuore ¢ Curcola. 15 263

Cotton T F (1920) Brit Med J 2 851

Cournand A and Ranges H A (1941) Proc Soc Exper Biol and Med 46 452

Courter S R Felson B and McGuige J (1948) Amer J Mzd Ser 216 501

Courville C and Masort V R (1938) drch mt Med 61

Cox N (1948) Brit Med J 1 148

Crafoord C (1944) Acta Med Scand 91 97

Crafoord C Mannhi :xmer E and Wiklund T (1944) Arta Med Scand 91 97

Crafoord C and Nylon G (1945) J Thor Surg

Cragie D (1841) Edinb Med Surg J 56 427

Crawford J H and Warren C F (1938) Amer Heart J 15 240

Cushing E H (1937) Arch it Med 59

Cutler G D and Wilens G (1975) Amer J Duis Chid 30 76

Dadds J H_and Hoyle C (1949) Brit Heart J 11 3%0
Dahl E (1937) Med Rey Bergen 54 312

Dalrymple (1847) cited by Glazebrook (1943}

Darnin C (1859) Onsgin of Species London

Davies J N P_and Fisher J A (1943) Erll Heart J 5 197

Davidson S (1930) Lancer

Debré R and Busson A (1931) Bull Soc Pedatrie 29 153

Debré R Carde)’ F and Olvier (1923} Bull et meénr Soc med o lop de Pares

Declman (l?JI)quoled by anpe J C (1933) Ann Allal Pnl}r 10 23

De Navasquez S Forbes J R and Holing H E (1940) Bt Heart J 2 171

Detertog R A :md Clagcll 0 T (1947) Amer Heart J. 471

Dexter L Hayn W Burwell C § Eppinger E C and Evans J M
(1947) J C‘Im lm 26 St l

Dexter L Burwell C S Haynes F W and Seibel R E (1946) Buli New
England Med Centre 8 113

Duaz B % (1943) Med Espanola 72 1

Dlelnch w (1939) h:th Arch C Path Ana! 303 436

Dock W (1947} New Eng J Med 236

Dock \v (1947 Radmlag) 48 319

Doering H (1914) Studien ur Pathologie der Entryickelting 2 41

Doherty W B and Trubek M (1931) J Amer AMed Ass 97 308

Dolgopol V B (31934) J Tech Melh 00

Dolgopol V B (1934} 1bd 13

Dolgopol V B (1936)sbyd 16 96

Doty 1 1 (19207 mey Med ass 2.1

Donnal! mer Med Ass

Donovny M b N:ul:nuser E B D and Sosmnn M C (1943) Amer J Roent

50 2

Douglass R (1949) 1 Thor Sum, 13 712
E (1913) P 1

Doe C(E et el £ Cand Ashman R (1937) Amer J Dis Chill

Dre SJN W Strauss A E and Gray S H (1938) Amer HeartJ 16 599
Drcyfuss D}ggl_?’j)! 1‘;1(/! ?{;lh] 6‘%3
mer Hear
gxr’yycrrc H‘ W ):lnd Walmsley R (1939) Brit Heart J 1 375
Dubin 1 N and Hollmshead W U (1944) Arck Path 38 275
Duff P A (1938)J Tech Meth 18 106
Dupré E (1891) Bull Soc Anat Paris 5 404

43) Brit Heart J 6 61
gzgﬁ, ;eﬁf;lgM Ve and Dustin P (1947) Acta Canlmlumml 175

J
Dustin P and Denahn H (1946) Rev belse Sei Med
Eakin W W and Abbott M E (1933) Amer J Med Srl |86 860



BIBLIOGRAPHY 321
East T (1939 Proc Roy Soc, Mzd 25 197
East T {1930) Brr HeartJ 2 189
East T (1945)1bid 7 95

East T and Bamard W G (1938) Lancer 1 834
Ebstein W (1866) Arch Anat Physiol u n sssensch Med 238
Edwards J E (1948) Proc Staff Med Ma Clm 231
Edwards J E (1348) Med Clm N Amer 32
E:dlow s and Mackenzxe E R (1946) Amer n«m: 32 243

LA an R (1941) Amer J Med Sct 202 207

Elnlhoven W (190@) lﬂmu'ﬂ:Aldl bd ges Phys 122 517
Eusenberg F and Gibson S (1941) J Pediar 19 452
Ewsenmenger V (1897) Z kln Med Suppl 32 128
Elis R W B (1933) Proc Rov Soc Med 26 51
Ells R W B (1936) Bt J Chuld D 286
Ellis R B and van Creveld S (mo) reh Du' Childht 15 65
Ellotson J (1330-31) Lancer 1 2:
Eppinger E C and Burwell C s (1940)1 Amer Med Ass 115 1762
Eppinger E.C Buruell C'S andGross R E (1941)J Clin Iv 20 127
Efangér J R and Lovine 8 A (1999) Amer Heart S’ 26§
Emst F {1935) Rougenpravs 7 754

Etter L E and Glover L B (1943)1 Amtr Med Ass 123 88
Evans W (1939) Quart J Med NS
Evans W (1948) Cardiclogy Buu:rwonh&(:o London

Evans W and Lewes D (194) Brar Henn! 7 171
Eve F 5 (1880) Trans Path So¢. London 3
Eyster J A E (1927) Trans Ass Amer th:xtlml: 42 15

FaggéhC hHl (l886) Principles and Practice of Medicine London J and A
wrcl
Falconer A W (1937) Bntish Encyclopedxa Medical Pracllce 6 299
Fallot A (1888) I\{arsﬂll: Mé 25 77 138 ™07 270 341 4
Farber S _and Hubbard J (1933) Amer J Afed Sci 186 705
Farre J RL(IB‘} ) on the Mal of the Human
art_Lon
Favom: GO (1934) Amer J Med Sci 187 663
Feller A (1931) Virch Arch path Aml! 279 869
Field E (l93!) Arch Du‘ Clnlllx 13 3
Funley K H (l 30) Amer J Path 6 3\7
Fineberg M H and ngg s C J (1936) Amer Heart J 11 255
Flschcr D (l9ll) Frankfurt Z Patl 84
and Stevenson M M (19"8) Arch Dis Childh 3 21
Fleury J (1917) Arch Mal du Coeur 30
Flexner ) (1936) Amer Heart J 11
Forssman W (1931) Ain Wt",hn.rrhr 8 2085

0 1
Foxe A N (1929 amer J FPaih § 119
Foy G (1910) Arck Mal Coeur 3 401
Fracntzel O (1868) burch Areh [ Path Anat 43 420
Fraser 3 E (1917} 7 Anar S
W (1930) Amer J Roenigen 24 3
Fraae i N G Baantz s (1S46s Amer. Hoart J 31 369
French H. (1918) Gay 5 Hosp Ga
Froment R Bertoye A and Perreau J (1942) Arch Mal Coeur 35 106

Gallvardin M L (1909) Lyot Me! 1 189
Gallarvardin M L (1936) J Me! Lion 17 593
ga}};\vzrd;n L 28 Revauit P (1975) Taon M1 2 770
alliar an: iwadias A ) Bill et mém Soc m(l :l h
Garnson R E_and Feldt R 1 (1947 dmer floart 7 op e Parls 460
G;\ssendl P (1640) L1 gans de septo corms pervio obstrvzho
Gassendt P (1939) Bull Hist Med 7 4



322 CONGENITAL HEART DISEASE

G:mé‘lE !2\1 4ngcrs H M and Edwards J E (1947) Proc Staff Meet Mamro
Z]

Geiger C J and Hwnes L E (1940) J Am Med Ass 115 ’272

Gelfman R and Levine S A (1942) dm r J Med Sc1

Gerac JIE Dry T J and Burchell H B (1948) Frot Slaﬁ']lletl Mare Cln

CGerbardt C (1867) Jena Z Naturn % 105
Gibson F A (1898) Diseases of the thrl and Aorta Edinburgh 161
Gibson F A (1900) Edinb Med J 8
Gibson F A (1906) Med Press 1 572
Giterhe von F (1929) Buitr path Anar 82 497
.l 7

Gilmour J and Bolam M (1937) Br:l J Sur, 25 337
Glnlrac E (1814) Observations et recherches sur 13s Cyanose ou Malade Bleue

Par
Grotrac H (1872) Nowsea (lltlmmmnar/e Me tecme Tome m Parts
ustra F X and Tostt V G (1939) Amer Heart J 17 2
adenkoff H (1946} Acta Radiol 27 s
azebrock A J (1943) Brn Heart J 5 147
endy M M Glendy R E and Whue P D (1943) Amer Heart J 23 395
oyne S R (1936) Tubercule 17 4

ne S R and Shiskin C (1937) Tulremlle 13 394
Gochering C (1990} 7 Med Res 42
Coetsch ¢ (1938) J Techt Meth 18 1 7
Goodwin J F Stemer R and Wayne E_J (1949) Brur Hears J 11 279
Couley B A (1937) Amer Hea tJ 13 470
Craham §_and Montgomery G L (i938) J Tech Meth 18 97
Grant R T (1926) Hearr 13 261
Crant R T Wood J E and lones T O (1928) Hearr 14 247
Crwes R I (1843) System of Chinical Medicine Dublin
Craybiel A" Srender J W and Boyer N H (1938) e Jleart 715 621
Crayzel D M and Tennant R (1934) Amer J Path 10 T
Greag MM (1941) 75 Opih Soc. Austostis 3 35
Crifth T W (1906) Laneer 2 973
Cnshman A Sussman M L nd Sternber M F_(1931) Amer Heart J 21 365
Grishman A Sussman M L and Sternber M F_(1944)ibid 27 217
Crnshman A Sussman M L and Sternber M F (1947) Med Clin N Amer

43

Qqagaag
o

31 5
Crnsolle A (1869) Traite d pathologie interne Paris Ed 9 2 416
Gross L (1921} The Blood Supply of the Heart New York
Gross L (1937) Arch Path 23 <0
Gross P (1941) Arch Path 31 163
E (1939) Aew Enz J Mtr/ zzo 510

Gross R

Gross R E (1939) dnn Surg 110 3.

Gross R E (1940) J Amer Med A.\‘J 15 1257

Gross R E. (1942) Adsances in Pediatrics London 174

Gross R E (1944) Surg Gynec Obster 78 36

Gross R E (1945) Amer J Dis Child 70 61

Gross R E (llgjg) gm Enz’lxl é";d 233 586

Gross R E urgery

Gross R E (and !)*Iubbar I P (1939) 7 Amer Med 4ss 112 729
e F (1926) Arch Biol 3 55

o)
2
8
g
3

I (i 2 Kol
L E a8 8, St s
%laixn H (::zslo')rc’r,\(na;\,r:t 'lg (1934) Amer J Path 10 375

}E‘;.‘ﬁﬁm“ws u%l‘?%’j’”ﬁaﬁﬂm’fﬁlff csueZibby Abbott (1977)



BIRLIOGRAPHY 23

amilton W F and Abbott M E (1914) Trans Ass Amer Phis 29 294
a"mlmn W F and Abbott M L (19.8) Amer Heart J 3 111 574
on C R and Blalock A (1948) Ann_Surc 127 385
arper E C {1947) borginia M \lomhh 74148
:ms H A and Thomson G C (1937) Arch Dl.\' (‘hlllll 1259
s, S and Farber S (1939) Arch Puh 28 4
::ms P N (1937) Amer J Path 13 89
amnson E (1836-37) Lon? Med Ga 19 369
Hart T (1837) Dubhnl Med Sei 11 365
Hartwell A'S and Tilder § L (1943) Amer Heart J 26 69°
Haney W (16 8) Exercitatrones anatomicac d Motu Cordis | rankfurt
Haney W (1678) The Works of Willam Hancy Sydenhim Society 1847

EEzz

ondon p

Hasler L H (1911) Ucbcr nln Fall von Verschuluss der Aorta i ungewohnter
Stelle Borna 1epzig 1911

astings W S (1979)J Tech Meth 13 1

edinger E (1915) Centralbl £ All, Path u rmh tnar 26 579

cktoen L (1901) Amer J Med Ser 121 163

emsted H (1913) Lancer 1

enschen § E (1906) Sammt Klit Vortr 126-127 595

erson R N and Symons M (1946) B it Heart J l 175

Herzog E (19I9) Muchen Med Hrhlnchr 66 1097

Hewnt P (1867) Lancet 1 146

Hird W (1848) Lancer 2 64

Hirschboeck F J (194) Amer Meart J 24 550

Hockenga M T (1945) Amer J Dis Chifi 69 231

Holder E C and Pick J (1939} J Tech Meth 19 135

-{ulm:n E (1923) Arch Surv 764

Holman E (1973) 1ibid 9 832

Holman E {1937) Amno\cnous Ancurysm New York

Holman E (1940 Ann St

Holmes A F (1824) Tr Med Chlr Sac Erlr 1

olmes A F (1901) Mont eal Me! J 30 §7 (rﬂ‘uhhshed by Abbott M E)

olt L E (1932) Diseases of]nl'.lncy ;md Childhood 10th Fd™ New York 496

lolzapfcl G (1899) At Hefte 1

Hope J (1839) Trt;\lls: on D|seas¢s ofthz Heart and Creat Vessels Ed 3 London

Horder T (1909) Quars J Aledz 2

otz A (19°3) Jahr Kinferhetk 102 | 12

fuchard W (1905) Traite Clinigue des Malidies du Cosur £4 3 Puois
ulse W (1918) V ch A ch Path nat

Humphreys E M (193%) 4 ch Parl 13 i

Hunter A and Lipscomb J (194 ) Dru #feare 4 4 124

Hunter J B (1945) Proc_Roy Sa( Mel 39

Hunter W (1757) Med Obs Soc Phys Lot Ty

Hayek W von(4935) Z Anat Ext achelu y o5 109 15

Ikeda K (1932) anexua Med 16 17
Ingham D W (1938)  Tech Meih 18 1%)
Isracl J (1877) A,ch klu Chr 21 109

Jaob H L ucd Moore R A (1938 J Tech Meth 18 133
Jager B V (1930) Amer Heart J 20

Jager B V_and Wollenman 0 ) o4 dAmer 7 Pub 1R o5
Jalesks T C_and Mornison T T (1943) Amer J Mel Sel 306 449
Janonay £ G (1899) Mad News 7

Jewesbury R C (191213} v ¢ 1 S e Med 6 100

Tonaamsen & a1t Coanor & A W (O Arier tur Met 18 23
Johnston T B (I915)J 4nat F1y 11 4 Ik

foly £ (1999 Fanis Aet 1 441

Joly F (1939) Arch Md Cer ¥ 6l



324 CONGENITAL HEART DISEASE

Jones E Irvine (1926) Amer Heart J 2 1

Jordan J (1830) N England Med Sury, J l 1ot

Joules H 11934) Lancet 2 1338

Jouvé A X (1936) Les Endocardites Malignes Prolongees Masson et he Pans

Kahn M H (11726) Amer J Med Sec 172 195
t H T and koletsky S {1947) Calaific Dusease of the Aortic Valve Londort
1 n Lippincott Company
Kartagener M {1933) Beitr K[m Tube/k 83 489
hatz L N and wmhte! H{ )Amer Heart J 13 .0

Kerth Sir A (1909) Lancer 2 359 433 519

Keith Sir A {19,1) Human Embryology and Morphology Leondon

keih Sir A (1423) Lancet 2 )26

Kellett C E (1936} Arch Dis Clll/d/l ll 205

Kkerwn A J (1936) J Tech Meth

Keys A and Friedell H L (1939) Amer J Phys 126 741

Keys A and Shaptro M Y (1943} Amer Heart J

Kienbock R and Weiss K (1932) Bien Arch F Lin Alzrl 23 155

klenbock R and Weiss K (1934) Fortschr ad Gbd Rontgenstrabl §0 447

King. E § J (1940) Brat HeartJ 2 79

Xing E S J 1194)) Surgery of the Henrl London Ed Arnotd & Co

King J T (1926) Arck Int” Mcd 38 6

King J T (1937) Ann Int Med 10 1.

Kwmney T D and Wiite P D (1945) Amﬂ Heact T 30 491

Kurby J (3818) Dublin Hosp Repts 2 2.

Kissit M (1936) Amer HeartJ 12 206

Kiippel and Trenaunay (1900) Arch Gen Afed 3 641

l\laxz O (1907) Trans A.\‘: Amer FPhys 22 213

Kockel H (19343 Beur 2 path 4nat u g ul(g Pu!h 94 270

Kocke! R _{1908) Verk Gt.r disch Naturf Art 11 39

Koletsky § (1941) Arch Int Med 67 129 l 7

Konwaler B E (1944) Amer Heart J

Kour;,lsky R Gucdc M and Regand J (I94l) Bull et mem Soc med d hép de
ars

Kreh! L (ISBB 89) Deursches Arch Med Letp 44 426

Kreysig F L (1814) Die krankheiten des chcns Berlin

Kugel M A (1939) Amer Heart J 17

Kugel M A (1932) Amer Heart J ZBO

Rugel M A and Stoloff E G (1933) Amer J Dis Chili 45 B.8

kurschoer T (1837) Commentatio de corde curus ventricule imter se communicant

Labate J S (1939) Amer J Park 15 137
Ladd W E (1936) New £y J Med 214 183
Lagnnee R T H (IBIP)Tranedclausc-uu!aucn Mediate Pans
Laubry C 1930) Nouveau Tratté de Pathologie Interne 3 Parls
Laubry C and De Balsic ;{l H (}993377):{4/(//1 l;lsl gafu 330 394
d De Balsac R H (1937) Arch ibid Coear
b G Eonenot P Router D and Hewn de Bouha R H1o3) Radnotogre
hinique du Couer Pafis
Laubcry Cq and Lenégre J (1939) Arck Mal Coeur 32 197
Loubry C and Pezzt C (1921) Maladies Congénitales du Cocur Pans
Laubry C and Routier D (1941} Bull Acad de Med FPans 1 126 5
Laubry C Routier D nnd Heum de Balsac R {(1941) Bull n mém Sor me
dhp de Pdrl
aad Souhé P (l93°) Rev Medicine 56 87
{'::gz g Soulié P and Vincent P (1938} Arch Mal Coeur 311
Layrens A ‘du {1599) Histona anatomsca humam corpors Francolutii
Leecht C B (1930) Amer J Dis Child 39 131
Teech C B (193)1bid 43 1086
Leech C B (1936) 7 Tech Meth 15 101



DIBLIOGRAFIY 325
Legrand A (1835) Arch s Med B 528
Lemerre A and Bernard L (1975)Ga by
Lenéngre J Roudinesco J and Marquls G (1943) Arch Mal Coeur 36 S5
Cerchouiet B (1931) Concours Méd
L:v M and Saphar O (194 J Ptdml 20
Lev M and Saphir Q (1936) J Tech \mh 16 [
Lev M and Saphir O (193D |bld 171
ewis D D (1930) Lancet 2 671 680
ewis T {1978) Clinscal Elcclmcnrdmgrnphy London
Lewss T (1933) Heart | 16 205
ewis T and Drury A N (1923) Heart 10 257
ewis R and Grant R T um) Heart 10 21
Leys D (1943) Brit Heart J 5 8
an C. and Marchal M (1937) Arch Mal Cocur 30 63
bman E and Celler H L (1910) Amer J Med Sci no 516
Libman £ (1913 Amer J Med Sci 136 25
Lichman s § {1931) Arch Int_Med 38 €83
bow 1 M and McFarland W (lQJl)Ar:h th 22 125
—'shmer C M (1939) J Tech Meth 19
'—‘mbﬁurz M (1937) Bewtr Path Anat Path m m
Linck K (1936) burchow § Arch Path Anat 297 113
Lincoln E M andsmumm R (1928) Amer L pis Chill 35 791
Liouville H (1968) Bull Soc Anat Paris 43 07
Mten M (1878 thr klm Med 2 378
Locke E A (ms) Arch Int Med 15 659
khat R D (19 9} J Anar 541
Lockwoad C B (l884) Tr Path Sor. Lmldon 35 132
Lows P Ch A (1876) Mcmorres ou recherches amwmuo-mlholcgnqugs Pans
Love W S and Holms § H (1939) Amer HeartJ 17 678
Lovibond ¥ L (1938} Lancet 1 363
Lowenhenn 1°(1932) Frankf Ztschr Path 43 €
Iundég‘alard C and van Syke D D (1973) Cyan05|s Medicine Monographs
altimore.
Lutembacher R (me) Arch Mai Caeur 9 237
Lutembacher R (1925) Pr Med 33 36
Lu(embacher R (193604 29 2
Lyo avh L W and Stthng J W (1930)J Petat 16 1O
Lon & A Johansmann R J and Dodd K (1936) Ame J Dis c/uu 2 675

meer 11
MacCready | B (1915‘ Bull Jchns mwkmx Hosp 29 21
McCulloch H (1916) Amer J Dis C. 2 30

MeGinn 5 (1936) J Tech Merh 16 98

MeGinn § and White P D (1933) Amer Heart J

McGinn S and White P D (mbu Tech Meth 15 10,

McGuire J_and (_voldman T (1937) Amer Hatd 14 230

Mclntosh 'C (1926) Amer Heart J 3 735

McLellan £ K (1935) Brit Med J 1 14

McLester ¥ B Bush J D dDu Bois J 8 (1940) Amer Heart J 19 497
Macleod A (1944) Brir Feart J

McManus J F A (1941) Canad AT a5 2

Mzham& 1 (1931) Maladies Orgamques du Faisceru de His-Tawara Pans Masson

ahon G S (19361 dmer Heart J 12 608
Makl T _(1887) Lancer 2 61
Mall F P (1911) dmer J Anat 13 249
Mall F P (1917 1b|d 21 1
Mallen M B Hube od Brenes M (I947) Amer Heart S 33 5.
Manchesir B s White P> (1938) mer Heart § 15 4



326 CONGENITAL HEART DISEASE

Manhoff L J and Home J S (1945) 4mer l-[mrl.l 29 90
k”l'a;l’nhelmerAE(]légg)ﬂ)EA;lm Pedwtrica 28 Supplt 11

arfan ull et mzm Soc méd o hop de Paris
Manie P (1890) Rev Med 1 ’ Q2
Marshall R (1943) Brit Hmr!! 5 194
Mason D G_and Unter W C (1937) Anmer J Poth 13 835
Mathes M E Holman E and Rexchert F L (1932)J Thor Surg 1 339
Maycock W d A (1937) Amer Heart J 13 633
Mayne A B (1843) Dublin Quart J Med Sci
Means M G _and Brown N W (1947) Amer IIrarlJ 34 262
Meckel A (1827) Arch Alml Phys 345
Meckel J (1817) Hanbd d Path Anatonue Lerpsig Band 1
Mendelson C L (1940) Amer J Obst and Grnee 3% 101
Mendelson C L and Pardee H E B (1941) Am r J Med Sci 207 392
Menke J F (1936) Anar Rec 65 55
Mercter A (1838) Bulf Soc Anat Paris 14 219
Merkel G (1869) burchk Arch Path Anar 48 488
Merklen P (1929) Presse Med 37 127
Meyer H (1857) Virch Archty Poth Anar 12 364
Meyer P (1937) Arch Afal Coeur 30 971
Mt helson R P (1943) Amer Heart J 25 112
Micherson J N (1947} St Mar) .rlID_rp Ga 53 180
Micks R H (1940) Brit Heart J
Miller H C (1945) Amer J Med Srl 209 447
Mlllcr J F (1938) Amer J Dis Child 5.

illman § and Kornblum D J um)l Teth Vet 15 147
ills E S (1923 24) J Med Res 44 247
oensch G L (19%4) J Amer Med 4!1 82 1672
olan R (1936} Cucre e Circola 20 583
Monckeberg J G (1914) Zenirlh Her  Geffassk;
Monckeberg J G (1924) Henke u urbnr:c/: Hamlb d :pez Avat u Hot 217
oncrieff A (1929) P oc Roy Sic Med
oorthead T G and Smuth E C (1972) lmh.l Med Sei 3th series 1343
Morgagn: J B (1769) The scats and causes of Discase trans B Alexander London

Epis 18
organ R dSprcnkcI vV (1936) J Terll }\lrl/l 16 68

Mawn {1879) cllcd by Campbell M and Suz

Mwur D C and Brown | W (1932) Arrh Du CIvIII/l 7 .91

Mutr D C and Brown 1 W (1934) 1bid

Murr D C and Brown J W (1935) Brt Aled J 1966

Muir D C_and Brown J W (1937) Proc Roy Soc Mel 30 698

Munro J_C (1907) Ann Surg 46 33

Murphy D P (1940) Congenital Malformanons Phlladclphl’l

Myers MM (1927) J Jowa State Med Soc

Nawsh J and Waths H R E (1948) Brit Med J 1 541

Nabarro D (1903) J Arat Physol 37

Nicholson G Shulman H L and Green D L (1929) Amer J Dis Cluld 36 580
Nicholson M N (1936)1 Teck Meth

Nlcaladml C (1875) Arch kimt Chir 1s 252

Nisse B (1928) Proc Roy Soc Med 21 438

Noback G J and Rehman T (1941) Anat Rec 81 505

Nobécaun P (1925) Climque médicale des Enfants Apparenl Crrculatoire Parts

ZZAZZT

2z

O Fiynn E and Mackay H M M (1937) Proc Rov Sec Med 30 1063
Okell C C and Elliott’ S D {1935) Lancet 2 869
Oppenheimer B S (1933) Trans A Amer Physicians 48 290
Qppolzer (1843) Vrt Gschr d prakt Heilk  cited by Bané
Osgood R and Spector B (1941) Amer J Du Chilt 61 1078
Osler W (1886) Trons Ass Amer Pins 185
Osler W (1909) Quartr J Med 2 219



RIBLIOCRAPHY 327

Jizlé'l‘g%()\ |mrrh Mr;rll l;, U8

2 :l ) Mc! Chir Trars

aﬁadmo VS andhmney T D (I‘]-ﬂl Bull Liernst Ast Mel Mineums 28 .3
almer G A (1930) Amer Heart J 6 230

almer H D and hempl M (|939)J Amrr Med Ass 113 1788

app L (1931) Arch AMal Coeur 24 2

ans M (1791) J Chirurgie Des 2 IO

arkinson J and Bedford D E (1931} Lancer 2 337

Parkinson J Bedford D € and Thomson W A R (1938) Quart J Med 7 435
Parkinson J and Clark kenncdy A E_(19°6) Quart J Med 19 113
Parsons-Smuth B T (1921) Proc Roy Soc Mel 14 7.

atten B M (1931} Amer J Anat 48 19

atten B M (1938) Amer J Path 14 135

aul R N (1948) J Pediat 32 19

eacock T B (1855) Tr Path Soc Loni 6 117

eacock T B (1860) iwd 11

Peacock T B {1866) Malformations of the Human Heart £d . London

Pendergrass E P and Allen M L (I9J ) Am J Roenmt 31 470
ernhopf E and Wittinger W (1935) Virchow s Arch Path Anar 295 143

erry C B (1937) Proc Rov Soc Med 30

erry C B (1942) Brit JeartJ 4 121

et C (1926) Precis d Electrocardiographie Panis

ezz1 C (1925) Attt Soc Lamb Scl Med bisl 14 52

ezt C (1932) Contributions to Med Sct i Honor of Dr E Libman Inter
national Press New York 3 931

Pezzt € and Agostont G (l9“5bArch Mall Coeur 21 18

Pezn C and Agostom G {1937 Car holoyia 1 125

Philpot N W (1936} J Tech Merh 9

Philpot N W (1929) Annt_Int_Med 2 948

Pilod L and Hugonot (1926) Buil et m(m Soc méd d hop le Pa 1s 42 1719

Piper R K and Irvine Jones E (194%) dmer J Dis Chill 31 832

Pompe J C (1933) Amer A/ml Path 10 23

Popjak G (1942) J Path B 54 67

Potain (1892) Gz Hebd 1\111 29 92

Pous W J (1948) J Thor Su 17 223

Potts W 3 and Gibson S (1948) J Amer Med Ass 137 343

Potts W Smith S and Gibson S (1946) Amﬂ Med Ass 132 627

Power J H (1861) Dublin Quart S Mel I

Preisz H (18%0) Beur palh Anat ull\ l’a

Proescher ¥ and Baumann F W (1944} J Pr Iml 25 344

Pufscher W (1932) Beytr "Z Path Arml 90 1

Quattlebaum J T (1937) Amer HearJ 13 95

Rados A 104D drck Opik 27 447
Rae M V (1936) J Tech Meth 15 136
Railsbach O C and Dock W (19%9) Radiology 12
Ronnels H W and propst 1 1 (1037 f \Cec(hmﬁuh 17 113
ner 0 and Heattie Y Amer Dis Child 11 508
Rouchiuss C Q350Y Ll dreh 2 Path vl 17 s Chld 21
aynau and d Eshougues J R (1939) P
Reese A B (1944) Amer J Ophth 27 483 (1939) Presse Méd 47 621
Reeves § M and Michael P (1936) dmer Heart J 11 231
Reid W D (1931) Arch e Mel 48 721




328 CONGENITAL HEART DISEASE

Rﬂrees"sz(fmccr HmLev;se S dAP and Gr):(ass IRJE (1947) Amer I[mrl! 33 M6
astellanos and Pereiras 943, 5
Rickards E (8411 B Med 8 3 71 < (o) Amer Heart J 2
Rlenhoﬂ' W F (1924) Bull Johns Hopkmr Hp 35 271
R'Z[f' (1;]5) (;ms;rubc‘mula 19 7
and Stemberg I (lQJﬁ)J CI Immest
Roberts J T (1936) Amuer Heart J 12 44 m mest 17307
Roberts I T (1937) J Tech Metk 17 97
Roberts 3 T 1bid 17 108
Robertson J (1911) Lancer 1 872
%obcrlson JJ §1913g€./ P]ﬂl/l Bact 18 191
temberg 1 and Robb G P (1941 4 fed
Roesler M (1928) Rien Arch s Med 15 535 " 0 Med 67 995
Roester H (1930) tted 19 505
Roester H (1931)1bid 21 27]
go&s}zr g (‘Igg'g Alrrh |7[Rllled 54 339
oesler H ( Chnica oemgenalo of the Card;
Liene® (1879) BullAmd oenigen gy e Cardio vascular System London
Rokl\!’ansky C ( 44) der F Anatomre
enn:
Roknansky C (1875) Die Defecte der Schedewnande des Herze: s “
Ronka E 'k F and Tessmer C F (1944) Amer J P:slh 20 1 n e
Rooke E J (1938) Brit Med J 1 S64

11 33
Rosen A N (1943) Amer J Dis Child 65 905
Rossman I (19423 Contrib Embryof 30 97 110
Rostan A (i874) Thése de Geneve
Roth F (1939) Frank Z Path 53 6
Roth M (1872) Deutsch Zischr C‘/ur 1 471
Routier D (1937) Arch Mal wa' 30 388
Routier D (1939)1bid 3.
Router D Brumitk J and Malmsky A (1940) Arch_Mal Coeur 33 40
Routier D and Heim de Balsac R (1938) Bull Soc Belye Cardiol 5 41
Rubberdt H (1937) Zies Bext Z path Anar afle Path 98 571
Rudolf R 5§ (1899) J Anar Physe! 34 17
Rytland I A (1938} J Cln Imest 17 391

abrazes J and Herve Cras (1941) Arrlt hla[ Coeur 34 165
ampson J J (1938) Discusston L F Bishop J Amer Hrarl] 16 611
andlfon (1777) Obs Anar Pathol Lup.'dum Balmlm/m Cap
anes S (1937) Amer Heart J 14 219
anes S (1939) dmer J Dis Chid 58 354
anes S and Kenny 1 Amer J Dis Child 48 113
Sy ammo R _E (1925) In Pediatrics Phxladelphm 6 654
y J (1925) anA/ Zischr Path 32
lcckat O (1933) Ztschr I&rll.rlalﬂﬂnt/l 15 417
uchmmke A (1922) Beyr Path Anat 70
chtker M A (1940) The Electrocardiogram m Congenital Heart Discase
Harvard University Press
Schlotthauer C F and Stalker L K (1936) J Amer beter Me! Ass 88 755
Schutz H (1914) birchow s Arch Path Anat
Schwede] J B and pstem B S (1936) Amer HeartJ 11 292
Scott R B (1934) Lancet 1 567
eager S J (1938) Surgery 3 264
eaham M (1924) AbI s Pediatrics 4 259 303
egall H N (1933) Amﬂ Heart J 8 628
ez, R _apd Baumann H (1935) Zew Krelslayfforseh 27 13

w]lors T _H (1948) Lancer 1 958
(1449) Trate de la Structure du Coeur de son action et de ses matad e

senelle M (1947) Arch Mal Coeur 40 125



BIRLIOGRAPHY %
Shaprro M T and Reys A (1943} Amer J Mef Sef 206 11
hap)m M I and Simmons J H (193 Af wnes 10 Med 17 OO
Ragico P F (1930} deck Pul« 854
h;xmm Pr (1930). d 10 671
havs H B and Cooper R 1 (1907 Laneer § 90
heldon W (19}8) Dlscay:s of Infancy and Cluidhood 2nd kd 365 398 London
hennan T (1908 Lw 'l

hepherd § G Pack and kuschelt J R (1944) Amer Heare § 27 733
egmund 3 (19"3) Ztu }\fﬂslauﬁalsrh 20 65
ibvy M S 34) <t i Panis
monds J P {I92Y) Amer 7 Med St 166 383
:rlm.mnnds {3899) Dentsche ‘\Ied Weknschr 25 425
mm) lanrrr
muh and G \ C9rad tll wt Med 38 2
ot K S (19"9) Ar:h Des Clalilh 43

ml(h 5 C (921)1 Amer Med Ass 7
E A Blattner R J an dHe)s F M (1946)1 Amer Med Ass 130 145
ndhng D B (i3 37)1 Amer Med Ass 108 1
netting C H andErb § H (1933) 4 Cil s C}ulaﬂz 8 401
oloff L (:{942) Amer Heart J 24
{1938} Acra Rarllo/ 17 45

oulxé P Bﬂu\vﬂm Y and Joly F <1943} drck Afal Coeur 36 4%
Southwerth H emon C 5 (193B) A ch 2at Med 16 723

Quizer A (19'3) erdt Arch Parh Auat A3 Bl

pxlzer A (1929) Z Krewlauf 21 523

rague H B Rized E F and Wm(c P 0 (1930 dner 7 D Chaff 43 877
gl’!!\kc\ V (1936} Tech Motk 16 7

L (19183 Guy s Hosp Ga "l
:acman B J and Zawisch M (1947)} Tnh Meth 27 81
tecle § M (!94%] Cin Ingst

stinbeiz W (1939 Vorchow 5 4 ek Path Anat a3

teiner M and Bogm M (1930) Amer F Ds lel 39 1255

teyfa W (1931) Arch Maf Coeur 23 738

\enonis. N_(1671) dera Hof nensa 74 Obs 3

Stenopufo $ (1910) Zisch Exp Path The sp 7 4

ternberg € (1930) hrhead[ Deutsch Path Gndl;ch 25 218

Stevenson D S )Q 3 J Med NewSer 6 395

tewart £ L nnd wtard B £ (1933 dme J Poth © 637

xc\un M (1998) Arch Dis Chidn 23 63

ol G F (19 ) Cammon Dnrders of Chridhood London £ 4 577

wi G F {1927) Laneet 3 798

lié M (1844] Amer I M d Sei 8 25

toloffl £ G (1978) Amer J§ Duv Child 36 1 04

tone € T and vauzant £ R (1927) 7 Ame  Med Ass 89 1472

cuart Hagos € 3 Colgqunoun ) and Brown § W (!')W) Lonret ¥ 99

ummans {1 )lm:ttalur Med J Aust alosa 1

Sundestand S and Woght Smuh R 3 (193 B o nm,,; 36 167

ussman M L (1946) Congenntal Heart Disease 1 PIUMOSe G U Cloyat

Radiwglogy Davis ¥ 7%

Sussmen M L and Gnshman A (1947) Advances m Internal Medicine § o
scrence Publishers 1td New York and London 2 1

Sussman M L Grshman A and Stemnberg Af g MY dme I Dy chyy
65 922




330 CONGENITAL HEART DISEASE

Talley J £ and Fowler K (1936) Amer J Med Ser l9l 618

Tandler J (1912) In Embryology Ketbel and Mall 2 53

Taussig H B (1936) Bull Johns Hophins Ha.vr 59 433

Taussig H B (1938) Amer Heart J 16 Z

Taussig H B (1939} J Tech Alelh 19 1.

Tausslg H B Haney A McG and Fvlhs R H (1938) Bull Johns Hopkuns Hosp

Taussng H B and Semans J H (1940) Bull Johns Hopkins Hosp 66 156
Taylor H k and McGovern T (1943) J Amer Med Ass 121 1.70

Terplan K and Sanes S (1936) J Tech Alelh 15 86

Thayer W S (1925) Amer J Med Scr 207

Thayer W S (1926) Johns Hopkins Hosp Repl: 22 fasc

Theremin E (1895) Etudes sur les affections congenstals du Coeur Pars
Thompson W P and White P D (1936) Amer Heart /. 12 641

Thompson T and Evans W (1930) Quars J Med 23 135

Thomsun J (1920) Congenital Dlscascs of the Heart Oxford Medicine 2 371

Thulsﬁe]d H and Scott H W (1913) Brl/ J Chid Dis 10 104
Touroff A S W (19°4)J Thor Surg 1

Touroff A § W (1943) Amer Hfartl 187

Touroff A § W and Vesell H (1940) J Amer AMed Ass 115 1770
Tow A (1931) Amer J Dis Cluld 42 1413

Uhley M H (1942) Amer Heart J 24 315

Ulnch H L (1931) Am(r Heart J 7 64

Ungerleld:r H E and Gubner R (1945) In Stroud W D Diagnosis and Treat
ent of Cardiovascular Disease Ed 3 Phdadelphta F A Dems Company

Usomoro S (1925) Disch Arch kity Med 147 159

Uyeyama H kondo B and Kamins M (1947) Amer Heart J 33 580

Valentne W N and Nicholl R J (1945) Amer Heart J 30 514
Vaquez H (1924) Disease of the Heart London
Vaqucz H and Donzelox E (19.0) Presse Mnl 28 4t
Vern, H (1856) Med Chir Trans 39 .0
Vlemrdl H (1898) Nothnagel s Spec Path Themp 15 24
Vieussens R (1715) Trawé de la Structure et des causes des mouvements naturels
du coeur Toulouse
Viko L E (1930) Amer HeartJ 6 264
Virchow (187%) Neb dre chloross u Anomal am Gcfassdppﬂmle Bertin
Volm I F and Flaxman N (1938) J Amer Med 4ss 131
Vulpian E F A (1868) Bull Soc Anar Paris 43 206

Wadrn:m S (1945) Amer Heart J 30 92
ahl H R and Gard R L (1931) wa Gynec Qbstet 52 1129
\\aldman 5 (1945) Amer. Heartl 30
Walker R and Klenck G H (1942) Amer Heart J 24 152
Wallgren A and Winblad S (1937) Acta Pediat 20 175
Walsh B J Connerty H vV and White P D (1943) Amer Heart J 25 837
“zrd G E S Meanock R I Selbie F R and Stmon R D (1946) Brit Med J

\\arkany J (1943) 4, Pett 25 476
Warthin A S.,(IQH)Am(r SRt ser 141 398
Wauchope G M, U™y Diarr J Med 21 383

cam BT Méttier S R Rlumpp T G and Zs hiesche L S (1933) Amer

9 141
Weber,,F P (1918) Brve J Clulzl Dis 15 HZ
Weber F P (1936610 83,1
Weber F P and Bode O (1926)1 htumll’{lihlal 71
e H Pl ‘rllg-g Aer (?/ Me dg.lfl)l 205 W 5150
Vieber M ) Amer fed Sci
Wechsler | S “and kaplan A (1940) Arch- ﬂll Oh;l 66 1282
Wedd A M (1929) Amer J Dis Chid=38



BIRLIOGRAPHY kX
Well (1895} Traite chinsque des maladies du cocur chez fes enfants
Wenss E (1931) Amer Heart J 7 114
Wells H G (1903} dner J \Ir(l Sa 136381
Werley G Wate W W andt helsey M P (1934) Tevas Stare J Afe! 39 467
\\:ssk( i ;mdB:m M H (913 Ame( J Mei Ser 145 543
n H R and Beaaver D C {1935) J dev \I(lh M 86
Whllc P D (1944} Heart Dhiscase £d 3 New
Svhite P D and Boyes J H {1932y Amer Hmrll 7 80
Whie P D :md Jones T D {1928) dmer HeartJ 3 30
White P D d Sprague H B (1929} J Amer Vel Ass 92 787
Whitte € H (l9.9) Eancet 2 1354
Wigglesworth F W (936} Tech Meth 15 153
Wigglesworth F W (1937) b3 £7 50
Wilkinson K D {193%) Proc Roy S ¢ Med 26 1537
\vnkmson k D {1940) Bt Hea t 7 33
S Q) Trons Path Soc Lo»don 3357
W n'uams {1853) J Anar Plisio) 2
Witbus F A (19.6) Amer J "fn‘ Sﬂ 171 430
Valsan M G (1940) Rheumatie Fever New York
Wilson M G nnd Lubschez R 11947 ) Paeiar 21 23
Valson § G

robe

\Vo!ke LS (1937) Acta Radiol 18 319

Woltmant H W and Sheldon W D (1977 drch Aewrof Prichuar 17 303
Wood W H and Felson H (1836) Ann it Ssed

Wood J E Janes T 2 and Kimbrough R D (19%) Amer J Med Sec 177 18§
Wood B (194%) Hrie Heart J

4
Wood R H and Withams G A (1928) Amer J Med Sor 175 247
Vvoo%bury R A Muphy E E and Hamulton W F (1940) Areh it Med 65

Wyckof I and Linge C (19°6) Amer Heart £ 1 446

Yater W M (1929 Amer S Dis CF {f Bzt

Yate b 4

Yow W M Lo i Cormen V. VYT Amer Med Ass 102 1660
Yater M Lyon § A and McNabb B £ (1933) 5 dmer Med s 100 1831
Young D (1948 Amer Heart J 28

Zadoe Kahn L snd Cousin § (1915) Bul <t me s Soc méd d hop de Pans 49
Zin F W gsEl) Re Med Suse § 227

Zema

Zinn W (1898) Be L kbt W schr JS 41!
Zuber B (1908 Jakrb Kiade b $9 3t






INDEN

Abortion 25 28
Abscess cerebral 5 6
— cyanote CH O :md 6 191 06
Actrdia 32
Acyanotic group 30 34 et seg
e elassification 30
— = miecthe endocarditis and 276
— ~~ pregnancy and 3t
- progrosis 302
~ = treatment 302 313
~ . tuberentoss 307
Adaptation 1 2
Age 22
Anastomosis extracardac 3 187
ry 187

— surpcal ¥
Ancurysm wmc 55
-~ Rrterovenous XO’I HO e
— — acquured
e chmical pxc:urv
- COTONATY dttery ef %0 95 108
— < etology 08
— - haggrimgmnunc))ypmmphyand

-~ — heartm 108
— — prognoss 10$
~ — treatment 110

&2
co;g;mtal singses of Valsaba 253

_____ chimeal picture 55
~~~~~ diagnosis
e e — efectrocatdingram 257
- radiology 257
27 et sinos 253
~— — nghtsms %33 254
- lhree unusSEs 253 254
— dusseching 59
— mycotic &1 280
— pulmonary artery 140 144 146
— — astenovenaus 296
— truncus anteniosas 249
- ventrigular septum 158 175
Angina pectoris 64 147 191
Ay\glocardmgmphy 125 173 95 296
See alro Indivadual Anomalies
Agamaties assocated 0%
Anotemua 171 18t
Aona abdomsnal stenosis of 73
- ansurysm of
- Bscending, sbsenee of 74
~ mupture of
-~ coaretatson ol See Coarctaton

Aorta descendmg nghlacmcamh 8t

— dewiroposttionof 3 $ 6 16

— anatomy 183

cerebraf sbscess and 6

— effects of 3

— embryology 262

- pm oxicat embolsmn §
DSPOsILon and 263

dxmmnon of 51

hynag std of 29 31 5% 74 76 110

210 2t

w— assomated annmlm 7%
~- atres13 gortic and 240
— au;mﬂar sqi!al defects and 76

— solated 7

~— nuteat s(cnusn and 7

— physical deselopment in_ 76

~— status 1ymphancus and 76

teptthan ng

— piche

right vcnmcu!ar See Transposition
sre of 71

{1

o o gOfateral :nm:l:m o0
— :mbt;o!o
- and sym
Aortie Arch anam.ahes of 56 59 890
- - classification !
- anomalous branches of 75 7%
atresia of
s CETVIC
— - develapment of 56 I8
e distal interrubti
=~ —— surgical treatment of 89 31§
— tracheal compression in_ 88
B ngh! sided 79 ¢t seq 185 203
o e e ANALOMY 81
angrocardiogram 89
associated anomaties 83 87
chssificalion 81
chimeat metore. 87
dxagnosns 28 309
dysphagsa m 37 88
sncience

OFp: VSY
perystent keft rom 8" 88

H
i
HHIIH!H

{
&
3
2
g

e e classsfication 56
e distal to lsmmus 3
=~~~ 15thmus See Coarctation

E3E]



314
Aorticatresia 2 29 93 203 211 214
215

anatomy 209

assocrated nm)m)hgs 208
crrcutation 23 209

coronary anenes and 3 93 209
foetal endocarditrs and 208
heart 1o

pathotogy 208

prognosts 211

NN

INDr¥

Aortic vahve bicuspid thuymatism and

~  quadricyspid 55105

~— - rhetmausm of 137

— -~ sten0sis $ee Aot stenosts

— vestibule formation of 15
Aorticopufmonary septum 10 11
Arachnodactyly 23 24

Arrhythmia 101 225 226

Anenal depletion 117 137

aneurysm See Aneurysmr

signs and 210
mcomgexence aorlic stenosisand 48

Coarctation and 61 66 72

~— congenital

— Elscnmenger and 55 203

fenestratron and 10:

~— — notching of ribs 1n 68

— — quadricuspid valve and 55

~— — ventnicular septg) defects and 153

— septum  defects of complete See

Truncus arteriosus

a1 238 247

- — ~— — anatomy 248 251

classificagon 238

«linical picture 251

«ongenutal aneurysm and
249

VL

continuous murmar .51

diagnosis 25,
eleclrocqrdiogram 251
embryology 238 247

prognosis 251
pulmonary artery and 250
- radiology’
— stenosis vabvular 47 ﬂ :eq
— - — anatomy 43
— — ~ assocsated lesions 4§
— ~ ~— carotid shudder in 49
— — ~— classtfication 4
— — ~ chnal picture 48
m— ~— dizgnosis 54 304
— -~ — double
— — — dwarfism and 48
— — — electrocardiogram 50
— — — foetal endocarditis and 47
— — — pathogenesis 47
—— ~— pure 47 49
— — —~ radwology SO
—— ~ s 49

— trunk solitary 67 98
—alve bicuspid 59 62 107 10
— — ~ associated lesions (02
clinical picture 103
coaretation and 62 102
diagnosis 103
embryology 103

Hl(

arterovenous

Assman s sign 124 140

Atresia valvular Sre Aortic  Mitral
Tricuspid and Pulmonary Atresia

Atrial canal 13 14 16

Auncularﬁbl'lllauon 5 70 139 141 295
— flutter 101

~— septum abnarmalmes of 131

absent 14 131 227 Ser cor trt
loculare biventriculare

embryology 14 179

defects of 128 144

— angtocardiography 141

— aortichypoplasiaand 76 130

134 137

Litt

arachnodactyly and 35
associated anomales 135
aunicular fibnillation 139
athetertzation 144 97
children and 139
chinical prcture 137
cyanos:s i 138 142
diagnosis 142 305
electrocardiogram 141 .90
frequency 133
history 128
heartin 134 135
mfecuve7 endocardins  and
7 276

HHIHHHH

laryngeal palsy 1n 138
Lutembachers syndrome and
1

Il

I
{
1

mtral stenosts and 134 136
138

mongolism 138
pamdovcal cmbuhsm 58
patholog

prognosxs 144 310
pulmonary aneurysm and 146
pulmonary artery and 134
pulmonary second sound 138
radiotogy 14
rhcumansm 136 137 276
symproms 138

types lll 137 138
valvulardzsease and 135

cush

nfective and 62
103 105 276

microscopy 104

pathelogy 102

prognosis 105

it

wons 13 15
Avitaminosis 25 41 4]
Axis deviation left ‘23 250
o — right 289



INDEX

B

Bilaculate hearts See Cor biloculare

Bromhxa! Ir(encs 176 187 183 2°%0

i colhura! arculason and 177
— hypmmphy of 177 187

Bulbar endocardiat cusheons 19

—undpes 10 1 13 15

- septal defects 152 153 IM "43

Bulboauncutar spur l2 U

Butborentricutar loop 9

— spur 1§

Bulbus cordis B ¢ 10 50 174
abnormal development of 10
atrophy of 1

functios of

imolution of 10t 15 174
mosphotogy of 9
perststence of |

uneqnal dnasion of 130

C

Carotid shudder 43
Cardiomegala glycogeriigce AO 42 43
Catheterizanton cardiac 2

Chest deformity 23 2

Chiars network of 106

Chordae anomatous 106

Crreufation adaptation of ?

— — coliateral 1 37 187

— - coarclatim 59 64 187 201
~ pulmonary atresia 176 177 187

trancus arteriosus 241 244

— tricuspid atresia 718

coronary

foetat 113

pulmonary

— cyanows and 155 263 l'ﬂ

—- sschaemim 373 193

raie 173 !83 189

systernic

Uasslﬁcnuan chmca! 30

~ radiological 37

Claudxcanen wiermatent 64

Clubbing

Conrc\a\laa of aotia $6-73 304
~ adult wac 1 56-73

.m.nomy 58 €7

335
Coantuion of aorta adult type angios
carciogram 70
e e e 3OCM2 IR 58
anomalous 67
aorte incompetence and
61 66

assocrated anomakies 59
61

atypical forms 67 68
bm‘:np:dﬁom.. wahe and

< blood pressure 6 64 65

classsfication 6

— thncal picture 63

coltaterat_cireulation 37
59 65 201

i
t
!
H

M
i
t
§

complications 64 65
congenrtat accurysm and

defimtion 57

diagnosis 72 304

electrocardiogram 70

ctiology 62

femoral pulse 65

frequency

h:arl g 61 &2 7

history 57

mfccmc endocarditis and
6t 7i

vttt

thbilai
i
[EEERE RN

pamm 63

pathogenens 62
regnancy and 31

prognosis 70 309
ssdiokymogram 70

radwology 68

s erosion af 57 65 68

Vi

H!!IH

fid
i
R
&
aﬂ
2

subarachnotd haemor
rhage 62 &4
surgety 38 7 e
Suzman s sign 5
— ~ symptoms 64
thyroid and 65
treatment 72 309
2 infanufe type 38 59
Collateral circulation and
~— ~ coasctation 57 39 &S
~— ~ bronchial artenies amg 137
~— -~ duclus acteriosys and 187
— cy:\nauc heart disease 17
aeus artetiosys 244
(.cngemml h:“zl dn:axc adaptation sn

HH

o it

avachnodactyly 33 24

e dustaminosss and 25 4



336

Congenital heart disease c:uscs of 22

chest deformity 23 24
classification 30

clubbing in 169
<Oonsanguiriaty

cyanosis in ]66 168 300
diagnosis 299 30,
elec:rocardmgmm 288 295
embryology 8 16
en})grgﬂnmen!. maternal 26 28

epilepsy 120 300

tuology 22 28

Jam)al 27 43 16

fouty of

l’onal endocardms and 28
174 177

foetal emmmment and 28

heredity and 27 116

story of 299

meidence 21 22 28

m)‘ecnve endocardiisand 276-

- |mramrdmc ﬁstul.:c m 3
Tife assurance and 3.
maternal health and 2 28

medico-legal 312
mongols 23
monsters 25

murmurs in 300 301 ef seq
physical signs 300
po,lg?'!haem;s 165 171 19

pregnancy 311

prognosis 306 et seq
radiology 233 288

regression of 121 153 300 303
theumatsmand [36 276 299

308
rubella and 26 300
sex
slmn and 1 55 63 277 309
177

syphilis 29 4
treatment mcdxcal 412

— surgical 314
tuberculosts 49 55 182 197

307
— v:ncus-]arlenal shunt 10 167

Cor biloculare 233 243

— associated anomalies 215

complete forms 234 248

meomplete forms 234

— — pulmonary veins i 236

— — transposttion and 234 135

— pulmonale 4 45

— triloculare bratratum 147 198 227
3 See Venticle single

— —— anatomy 228 2

- — chmical preture 231

INDEX

Cor mloculare buatriatum cyanosis 231

tion 227

—_——— eloctrocardtogrnm 233

embryology 2

— Holmes hcmand 228 233

— — — mutral atrésta and 214 230

— — — prognosis 233

— radiwlogy 232

~— transposition and 169 79
230 232

— — — tricuspid atresia and 231
— — bnventriculare triloculare 227
—~— — — associated anomahes 227
— — — chmeal picture 227
=~ prognosis 227

— — pulmonary vems and 2.
Coromry am;“gso abnormalmcs of 30

— aceessory ‘?4 5

- angmna pectorss and 94 95
— apeurysm 90 95 96 108
- ao{gg atresta and 2 29 93

— distribution 95

— cl:clrocardlogram 94 97
— embryology

—_ xdnopzzhm hypcmuphy and

— lcrz from pulmonary arfery
47 46 93 96
— — —— chmical prture 96

< T2 dignosis 97
— — — — electrocardiogram
93 97

— —— pathology 91

-~ — — — prognosts 97

— - — radiology 96

— — — right from pulmon
ary artery 93

— ~ — both from pulmon
ary artery

smgle 93 94
third

lr.\nsposmon and 9,
Crista supraventriculans 17 179 184
185 260

Cusps abnormalities of 102 105
~bicuspid aortec valve 67 102
-~ embryology 10‘

— microscopy 103

— mfective endocardites 104

— chmat picture 105

— prognosis 105

— superrumerary 105

Cyanose tardive group 31 it
ehnucal i:zrgrn t”l’
anosis an

;cnyfecmc endocarditis and 112

associated anomalies 111

pmgnosxs 309

Cyanosu 165173

— adaptation to 171




NDEY LXy)

Cyanonis anaemia and 166
anging 171
capiitaries 171
causes of 168
cell count 171
cerebral sympwms (4
cieeutation rate 173
clubbing 169
cyanose Wrdwe HY
deﬁnmon 166
dyspogea. 171
Isenmenger and 168
exercise and 168 268
factors1n 167 168
haemogiobin 166
hustorical 168
mvestigation 172
late .04 206
otular changes 171
oxygen saturation 166
pa(cm dUC(us and H7 167
polycythacmua 165
g
prognosts
pulmonaty crcalation 165 163
pulmonary pathology 1n 167 165
retina 17
shunts ) 1) 165 167
squatung, 171
symptoms 171 ctse
thrombosts §
h'ansposllmn cf vesselsand 167 168
tseatment 315
tubercutosss and 307
venous arterl shuntan 167 169
\z?tsrémla; septal defece and 155

HHHHHHHHHIH

~ witai capacity and !63
Cyanoic group 30 3
—— mfsegélve cndocnrdms and 277

—~ PIOZHOSS 3!0
— - symptams 310
—— xreatmmt of 310 315

b
Delects assotiated 23
Detarston 12 260
Deatrocarda 27 87 271 275
—~ assoctated anomaties 87 271
— bronchieetans and 71
— classification 271 272
causes of 271
defistion 7?7
deatroversio cordis 73
famadal
lectrocardiogram 273 274
myverted cavitses 271 273
solated
misTor smage 271

IERREREE!

Diabetes 47 43
Dxagnosxs 299 305 See  indmiduat

aomc nrth nght sded 88 304
aortic stenosss 34 304
auncular seprat de!xt 147 305
coarctation 72 304
<oronary artery anomalous 97
Huctus anenosus patent 126 304
Ersenmenger 06 3
Fax“ot 197 308 w2
pulmonary stenosts
-~ subaortic stenosis 5%
— trcuspid aeresta 223
— ventricyler septal defects 158 304
Diaphragm e\cmralmn of 275
= hema
Ducius alt;tm;su’s ymnstem patency of
1-12
— ang(ocard;ography s
— —~ analomy
- a&wcmed anomahcs s
~ — blood pressue 116 122
— -~ catheterzation 297
~~ — causes of
— - chawal preture £17
~— -~ closure
== coarctation and 56 63 &6 1S
122

IERREREE

-~ compleateans 122

-~ cyanomsan 117 &

~— — diagnosis 122 126 304

electrocardiogran 123 200
embohsm ptnphnal 1S 22

famitat

foetat mrculnuon and 113

Gerhacdt s dullness 122

histonical 112

merdence

mfze_?nvg endoca(dms and 122

— — faryngeat paxsy 12

— — macunery mmmur 120
-~ managenien

— -~ paradovcal :mbchsm 56
— - pathogenesis 114 115

— -~ phonocardiogram 120

~ -~ physieal deve!opmen! 17
~ ~ pathology

— ~~ pregnancy

-~~~ progagsis 123 309

~ -~ pulmonary artery 1 16 124

— -~ radiology 123 151
e vegression of 121
T radology 123 15t
e sex

e shumm ie

- symptoms 120
—~~ systolic bruit 12t
o~ surgery 1 6
Tinfected, 122 e seq 276



338

Dwarfism 48 133
Dysphaglz 41 75 80 87 8
Dyspnoea paroxysmal 171 180 190

E

Ebstein s disease 224 276

— — anatomy 225

— — aceythma 225

~— — cyanosts 225

— — dagnosis 226

— — electrocardiogram 226
— — faillure 275

~— — prognosts 226

— — radsology 27

Ectoprc cordis 30 39

— — classification 39

— — development of 39
—— pathology of 40

— — surge

—— nssoclaled anomalies 40
Eisenmenger complex 6 168 02 207
—— -— anatomy 202

—_ angmcardnography 207
—~ — aorta dextropgsed 203
-—— aortc cusps 203

— — aortic mcompetence 203
~— — cathetenization ‘07

~— — chmical picture

— — cyanosis 168 ”04 206
— — definition 202

— — diagnosts 06 305

— — electrocardiogram 206 290
—_— :mbryology 202

—_— 204

—_— h:emDplysls 204

— — mfective endocarditis 204
— — lungs 1n 204 207

- la\'yngeal palsy 204

— — pathology 202

— — prognosis 206

— — pulmonary artery 203
— — radiology 204
Electrocardiogram 288 295

— alternation 2

— axis left

— aus nght 239

- bundle branch block complete 141

= mcomple:.; 182 194
- chlldren 289
— complete block 30 131 159 190
254 257 270 293 294
— conduction abnormzhlles 29]
— dextrocardia 272 27
— diphasic complexes
— fibnllauon 5 70 139 l4l 295
— flutter 295
- nodal lhylhm 257 293 295
— normal 2.
— P waves abnormal 141 182 292
— PRunterval 141 167 288 293

INDEX

Eleclrocard:ogmm QRS complex zb
rmal 141 155 187 2%

- = downwards m all leads 292

— ST prolonged 2

— Twaves 14t 192

— — abnormal 43 93

Embuhsrn paradouca) 57
- — cercbral abscess 6
— — diagnosis 6
— — ksonsmn §
- — penpheral 115 2
— putmonary 5 115 123 197
Embryology general
Endocardtal cushions 13 lS
— — aurrcutoventricular 13 14

ufbar 10
[ndocardms focul 22 2830 51 177

mrecme 276-282

— ‘acyanotic group and 276 306

auricular septal det'ccl and 137

bacteriology 2.

cardrac signs 279

chnical picture 278

cyanolic sroup and 277 306

duagnosis_280

euclogy 277

embolism in 80

ncidence 276

myocotic aneurysms 280

QOsler s nades 279

pathology 277 278

penicillin in 281

prognosis 281 306

renal lesion 278 28]

rennal changes 280

rheumatism and 276

sepsis and 277 31

signs and symptoms 278

strain and 1277

treatm 31

wmncuhr septal defect and 153
i

PRVttt
PELTEET ey

PRV b by

Pt

Endomyomrdms foctal 29 47 51 708
Eptlepsy 1™

Erosion crnbs 57 65 68 12
Etiology

Exerclse :ﬂ'ccls of 168 180 768

F

Failure congestnve 4 71
Fallot tetralogy of 183 ’0’

— — anatomy 183 18%

— — angwocardiography 195
- assocrated anomalies 185
— ~— catheterization 189

~— cerebral abscess and 5 6 19!
— arculation 188



INDEA

z
g

tetralogy of classification 189
cyanoss 189 150

debnition 183
dextropasition o! :or(: i85
dsagnosis 197
:kclmcnmmgram 193
embryology 174 176

heast block 190 393 197
histoncal
ln(cclu:endoczrdl(xs 137 276
lumgs w

murmurs. m 191 192
paradosscal embolism 194
pathogeness

athalogy 183 189
palyeythaenua 191
prognosis 197

pulmonary artecy 1 187
pulmonary alrcsx:x 187
radiology ¥

nght sided aomc arch 185
signs and Smptoms !
squatting

worgery i

— results of M0

— selection of cases for 20t
ventricutar septat defect m 184

[EEEERE RN

NN RN REREN]

[EEEEEE R RN RN

Fustula arteriovenous 3 {13 1 6 See
NEUTYSM artenovenous
— intracardiac
Toetal airculatson 113
Foramen mlcr\enmv:uhr 15’
~ ovale patent 5 14 O
1

~ funcron of 130

~ prmum 14 130

~ secundum 14 130

Frequeocy 2t 22

~ age 72 30

— chiwat 22
postmortem 2

-~ sex 30

G

‘German measles See Rubells

Gerhardt s dultness 122 138

Germ plagm 44

Glomernlonephnns 278

Glycogen disease 40 42 43

Grosse pulmonaire petste aorte 130 136

H
Hacmorrhage cerebral 64
techial 230
— pulmonary [47 204
— sphnter 30

Harrison s suler 23

339
Heart gbdominal 3%

— amphiban 13

an’hylhmm 101 225 7
hx(ocuhrt 217

hlocd supply 2
catheserizanon 296

cervical 39
crocodile 18 247
development 8 1 e
dhscase a?qu(rcd IJ(\ "'76 299 308

o
f.ul?rc 47100
fish 89 16 18

23
hypectrophy 41 42 .87
— abnormal coronary 4> 94
-~ arterignvenous aneucysm 108
— auticutar septal defect anﬂ 133

IR

coarctation 61

dizbetes 43

Ebstein s disease 225
hypoplasia of gerta and 75 76
wdiopathic by vcnrophy and 4t
pericardial defect and

perzs‘amm tfuncus arleﬂosus and

Pres i

NN EEEE

progressive 65
pufmonary msufficiency 24
putmonary vemns and 10§
tadiology 286 87
seversible 109
~ shunts and 3 135
~ tricuspid wsufficiency and 273
mmphelogy 16~ 0
pectoral 3
python 16
mdmlogy of 283 288
rate of .89
reptife gt
ruptuze of 40
~ triloculate 217
— furlle 2
Heart block

fret

;

cqng:mlal complete JO
159 190 254 O3

293 294 309

blood pressure in 164

<himeal picture 162

conduction tssues 160

diagnoste entesia 163

electrocardiogram 164

prognosss in 157 164

pathology 16G

rate ;164 193
seprom xmacl 167

HHHH

HHHHIH

- Dsma! 162 193
varmblc 163 295
Hcreduy 21 1

Hifar dance 1"4 140 168
Fhs buadie of 13 160



340

His development of 13 160

~— distribution of 1

-~ congenutal block and 160
Hypener:’ﬂclyr;g aurienlar septal defect

— coarctation and 64 67
— congetnal 42
— pulmonary 150 158

I

Idiopathic hypertrophy 30 41 46
~— abnormal coronary and 42 93 97

INDEX

Miteal atresta anatomy 214
assoctated leswns 211 214
— cxrculauanm
—— ryology 21 l 214
-—cusps cleh 131 236
-—stenosls acquired 142 278
zortic hypoplasia and 76
auncular septal defect and Sec

Lutembacher s syndrome
chinseal picture 213
congenital 211 212 213
— — cyanosis in 213
embryology 211

ure 212

rchme 302
d.etu:ls :gnd 21t

dﬂbmcmzol‘ 1320
Mongolsm 21 13! 138
25
6-20

— crocodile 18 247

course 43 _—
— — chnkal prcture 44 -
— — diagnosis —
—_ elecxrocardmgmm 44 — valve clefr
— — etiology 4.
— ~— glvcogen dlseasc and 40 42 Moderatol’ band I
prognosts 4
-—— mdmlogéy 44 45 Monsters
an,
Incldence 21 22 ~ amphibia IB
— age 22 30 — bueds 19
— «hoical 22

—  postmortem 27

— sex

Interaunicular septum  See Aurtcular
septum

Interventricular septum See Ventricular
septurn

Intracardiac fistulae 3

L

Laryngeal palsy and
— — aneurysm _of pulmonary artery
and 148

~— — apnicular septal defect 133
— — ductus arteriosus and 122
— — Esenmenger and 204
— — Ebstemn s disease and .25
Left root persistent 81 82
Life assurance 312
Lung fields ischaemic 173 195 286
Lutembacher s disease 30 1
— —~ ¢hinreal preture 138
— — defimtron 136
frequency 30 136
— pathogenesis 136
hology 135 136
— — pregnancy 143
— — prognosis 144
— — radilogy 140

M
Mediastinal tumour 39
Medwofegal 312
Membranous  septum  See  Septum

membranous,
Mitral atresta 208 21T 213 215

~— evolution 16 19

Murmurs cardiac 301 303

— cardiorespiratory 302

— causes of 301

— conttnuous 120

— — aortic septai defects 251

—_—— anlezrimencus aneurysm 91 96

~ — ductus arteriosus 120

~ — persistent truncus 121

— damping of 302

~— dhastolic 303 309 See Aoctwc ta
competence

dlsappcarance of 301

frequency 302

funcnunal 302

-~ prognasts of 3

— regression of 121 153 301 303

— s:gmﬁdnce 301

— systol ]

Mycotic aneumm 61 280

(it

Q

Qesophagus compression of 44 87
Operations zrrenmcnous aneurysm 110
~ Batrett and Daley 700 247

~ Blalock Tﬂu&slg 184 199

-~ coarctation 74

~— ductus amnosus l26 3

— Potts Smutl

~ pulmonary stenosis §83

~— transposiion

- val ulotomy [82 183 00



INDEX

Operayons \ascuhr g 89 315
Osler s podes

Osttoanhmpmhy pulmonary (63
Ostium atnaventiculare commune pes
sistent 236 237

e TR 6
= clinucal picture. 237
- —~ — embryology
—~ wlfundibul 376 179“ o
-~ pflmym pernisient
heart block and 161
- secundum 14 131
ygen consumplion and exercise 168
—~ umatuTation 166

r
Pwaves See Electrocardiogram
Paradotrcal embolism  See Embolism
paradoucat
l’aro(ysmaldyspnm 171 180 190
- tachyCardia.
Fartal block, 167
Perucllin 281
Perwardius 137 183
Pencard»um abnormalities of -39
— absent 35 37
— chaical picture 37
~ defects of 30 35
~ development of 34
— drerticulum of 38
— hcmxa of heart 38
14 38

stary

" pathology 36

—~ prognosss 38

— sahology 33

pﬁM zorte grosse pulmonae 130

Fiiedoarteriectasss congemiat 107
Ph{;t]ca; s disappearame of 121
alycymaem;a 165 171 190 19%

- Drog{cssxvc 171 310

Pregnancy 318

— tubelia m lérur

Prognosis See mdmdual 1cslan

~ general 2

— infective :rducnmrm and 28) 06

Pulmonary artery abnormahires of 97
4

~ — absent 97 4%

~ ~~ ancurysm 140 144

~~ — — aurculy sptat defect and
144

— chincal F:aiures 144
— - defiestes

~ dlagrms 4«3
~ ~ — ductus arteriosus and 147
— cugiogy 143

—~ prognosis 143

341

Yulmonary artery aneurysm pulmonary
stenasis gnd 146

o ~ radiwology 143

——— \crllf‘%u:ul;\r septal defect and

arienosleross, pr 149
artentis of 195 0 .54

~= - £Oronaty ariery from. Sce Caro-
nary ancr’y abnormatiues of
- difataion of 116 134 138 W9
178 286
~— anturysmal 144 145
——— uc 4 179
~ dopathic 139
-b 'l:lﬂtdbmuch 51
-~ — ¢mbryology !
o hypqpl:ma of 130 79
nsufiaency congenstal 233
- = assocated anomalies 223
s e - chinea pietire 134
- e~ diagnosis 224
- progrons 2.4
-~ ugatuse of 5 179 138
~— occlusion o
~ = radwlogy 3" ZB} 285
-~~~ theumatisz and 143
- rudnm:mary See Pulmonary

—— mpmr: 141 ~33
~ — single
—— s&em\s Sre Pulmmry stenosts.
~ — thrombosis 130 147 1
ransposed SteTmnsposuxon
=~ weakness of 145
-~ atresia 136 187 218
~- ~— collateral curculation m 176 177
~— -~ bronchial arteries ang 187
~- ~ development of 176
~ ~ funcyonal 177 139
- — tetralogy and 176 187
- crrculation 183
— — eRaeral, 176 177
~ = excessive 168 173 266

- gl poiure
diagnos 4

_ prommoss 724
tend 15 Conus (imfundiutar) 175

~ amatomy 479

-~ assocated anmmlu-s 15

~ embryalagy 13 17

—— m:o\xveendmrdmsand 179
—~ -~ pulmionasy artery i 179



342

Pulmonary stenosns conus (mfunds
bular) signs and svmp(orns 18t

—— valvlar 177 183
— — — acquired 183
anatomy 178
angwcardmgmphy 179 183
cathelerization
classification 178
chmcal picture {79
cusps i 177 178
cyanosis in {79 180
dragnosis 183
dyspnoea in 180
electrocardiogram 184
embryology 13 177
— epistaxis 181
frequency 178
foramen ovale in 178 179
infective endocarditts and 182
prognosis 182
radiology 180
symptoms 180

— — vahulotomy 182 183
— vahc abnormalmes of IO’ 105
— -~ — bicuspd 105 260
—_— embnolcgy 102 260

supernumerary cusps 102

~ vemns abnormalittes of See Vemns

abnormalitres of
Python heart of 16 153

1
CEttridit

Phabbtitnd

{
Pt

INDEX

Ribs crosion of aortic mcompclencc 68

— — coarctation 57 65 68

Maladie de Sce \cnmcular
septal difect

Rubetla 26 et seq

s

bemtlunnr cusps abnormalities of 107
5 See Aortic valve bicuspid

—— cmbryolngy 10 102

— ~ fenestration 55 102
supernumerary 102

Sepl:mon anomalous 30 105

— ~ feft aurccle 105

— —~ night auricle 106

— — ventricular 106

Septum aorticopulmonary 10

~— bulbar 10

— inferjus 15

— membranous development of 16

~— — absent See Cor triloculare bia
triatum

— — ancurysmof 158 175 179

— pumum defects of 14 lJ

development of 9 1

secundum’ defects of N 130

— — development of 1

— ventricular defects ar development

o
Sex incidence 30 17

il 116 135 153

Q — ratio
Shudder carotd 48
QRS comp! See ram  Shunts
— cardiac hyperteophy and 13§
— reversal of
R

Radiology 283 288 See separate ane
malies

-— aorta 285

— coeur se sabot 87

- cardiac enlargement 287

— classtfication

- distinctive pictures 32 288

— hlar shadows 283

~- methods 283

— oblque position .83 2!

— pulmonaty artery 32 ’ss 285 286
— pulmonary ischaemea 173 195 286
— value of 28¢

— ventricle left 187

~— multple 40

Rheumatism aneurysm cardiac and 46
— auncular septal defect and 136

. inodence 136 276 299 308

— 1nfectwe eadocarditis and 276

— venous arterial 167 169 189 206
Sinus venosus 106
Swmuses of Valsalva

styses of
Sinusoids 91 92
Situs inversus 271
Solitary aortic trunk 62 98 239
Solttary pulmonary trunk 98 239
Spuzer s theory 2 175 259 261
Spiinter haemorrhages *80
Squatung 171 18) 190
Status lymphaticus 76
Stokes Ad:lms attacks 163 190
Strdor
Subaomc szenasn;’ $0-55 304

1

— — acquire

See  Valsalva

anatomy S}

assocrated anamakes 31
chnucal pecture 52
Qragnosis 54 303
electrocardiogram 53
etiology S

prognosis 55
radiclogy 53
symptoms 52

INENE RN
[EREEEE]



INDEX

Subarachnoid haemorrhage 6. 63
Subclavean z7ncry abnormal left 74
9

87
-~ — — nght 7§
Suzman s sign 65
Syncopal attacks 55
Syphilis 29 46 177 213

T
Tachycardia 44 101 225
Tclrzlogy of Fallot See Fallot tetraloyy

Thebesnn valves 106

Thrombosis aorta 115

— cerebral 171 191

— coronary 5 91 95

— ductus 115

TnnSIllmomy

Torsion 8 10 !2 174 260

Trachea compression of 88 90

Tracheius

Transposition of great vesscls 167 168
198 2!

— — — assoctated anomalics 217

— — — classification 261 262

cyanosis and 167 168

historical 258

Spitzer s theory and 759 761

theories of 258 i req

ccmplcxe "62 263 269

anatomy 2

zngloczrdxcgr.\phy 267

crcufation in 168 63

chinical picture 264

coronary arteries in_ 91

electrocardiogram 267

embryology

prognosis 268

pulmonary congesuon 266

radiology

Teptal defects and 264

— treatment

corrected 26 269 274

— anatom:

— clmal picture 270

— radiology

crossed 262

dextroposition  See Aorta  dextro-
position

— muxed .62 See Cor

343

Triuspid atresiaciecutation *18 2 0
— chmceal picture 2 0

— — diagnosis

— clectrocardiogram 2.3

— prognosis 273

— radiology 221

— symptoms 221

— ftreatment 218

transposition of vessels and 217

sufliciency 2.4 2.6 See Ebstein s
disease

anatomy 224
clinical picture 22§
prognosis 275 276
radiology 276

P

— valve abnormzhues of .15 M4
Trioculate hearts
Troncus :;rslenosus de»elopmem of 10

= = perastent | 198 238 247

— — — anatomy 239 243

—_ angxocardnogmm 47

— — — catheter 230 247

classification 239

— chnical picture 744

collateral carculation %41

continuous murmur 17t

cusps in 240 243

cyanosis and 244

diagnosis 747

clectrocardiogram 746 790

prognosis

radmlogy 244

—— — Surg 7

—— unequaldwmnnof 130 136 143
216 224

!
t
|

prrprent

Tubercalosss 49 55 182 197 307
Turtle heart 2 153
v
Valsalva anczlgl;ysm of sinuses of 253
— — anatomy 253

— chinwal picture 255
— — dagnosis 257

triloculare
— smple 267 See Lisenmenger and

Fallof
— vera 262 263
Treatment general 312
— surgical 314 Sr( mdmdual lesions
Tricuspid atresia_215
— — ‘anatom;
— — anguocardiography 223
associated anomalies 217
— — cathetenization 723

257
— — radiology 257
— rupture of 255
Ieft sinus. 253
nght sinus 253 254
three sinuses 253 .54
s anormalies of
— ‘pulmonary 9
- ab;‘g;malmes 9'100 106 131

IIﬁIIIIIIIII

!

— arrhythnua and 10t
~ — chnical picture 101



344

\ems anomalies of diagross 101
— r)tctmcaldloyzm 1w

— pathology 100

-~ rnd:alogy 1

— treatment 10{

vend cavd 99

Vepa Cava feft supcnor 99 1908

—~ — wfertor 13

Ventncle aammon See Vertrwcle single
— embryology

— kft hypcnmphy of 178
~— — hypoplasa of 3

ighe hypertrophy of {78
~ bypoplasia of ¥ 176

single  with _sudimentary  outlet
charnber 163 228
e analvmy 278 229

et seq.
~ — — -~ — catheter 223
— o~ = — erculation 27}
cyanosis 165 16%
3

<urecal puctere 234

INDEY

Ventsicular septal defect maladie d
Rogct 57 f64 36¢
acquired 153
ang)acarmugram 158
anatomy 133
JOTHC InCompetenco and 53
catheterszation {8
chical pictyre 154
cyanosis 155 167
diagnosis 158 304
electrocargiogram 155
embryalagy 13 16 52
enology 153

52

heart 8lock @ 157

history 152

- mkcmecndocardnmand 53
135 156 157 276 277

[ O

fife assurince and 312
low 152

mongolism 24
morphology 153
pmgnosls 155

250
=~ — propnosis 233
— = =~ — ~— radilogy 232
— — - — — spigesy and 229
= e~ — transposiion Of ves
sefsand 169 279

e e lypcso( 229

Ventricles both enfarged 3

‘entricular cm‘nglﬁes abnormat  1df
155 182 226

292
o — diphask 298
o~ tafl 291

hbiryg

5.h\.mt m 7 153

sadwology 155

— ~— ~— regression of 153 303

- septum absmt See Cor trloculare
atnal

—— aneurysm or 158 175 179

-~~~ associsted 2nomahes 159

~ — tugh defect 200

~— ~ pathogenests 59

-~ {raasposaton w»ssels and 63
Vatal copacity 168



~

ST

AL AN NS LA NINSNL N N NPNIA SN
EALZE IR R
*

@ P =1 000-25513

dawar Man S\ng\;".\&!ieg\(m\ Collogs Labrary

LranNo &

NoM 0P
Author &RQY\)/\‘

Bt snnetd



