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Cdinicopathological Conference

A Case of Long Survival with Fallot's Tetralogy

DEMONSTRATED AT THE POSTGRADUATE MEDICAL SCHOOL OF LONDON

Clinical History
Dr. CELIA OAKLEY: This patient, Case No. 134675, P.M. No.
11415, was a barman who became well known to us from
the time of his first serious illness, when he was 45, until his
death in the hospital at the age of 58 years. He had been
found to have a heart murmur in infancy. During his child-
hood he went blue on effort, and he was unable to play games
because of shortness of breath. When he became out of breath
he used to squat. After the age of 14 years he gradually
improved and his cyanosis lessened. From the age of 25 he
developed recurrent winter cough and sputum, but between
these attacks he had very little disability.

In July 1952 he was admitted to Hammersmith Hospital
with a history of two weeks' fever and sweats and a story
of malaise since his last attack of acute bronchitis three months
previously.
On examination he was febrile, with a temperature of 102 F.

(38.90 C.). There was gross finger-clubbing, and he had a
florid face but no cyanosis. Apart from a moderately severe
kyphosis his physical development was normal. The arterial
pulses were normal but the venous pulse was abnormal with a
giant a wave. The blood-pressure was 115/85 mm. Hg. There
was a long ejection systolic murmur with a thrill at the lower
left sternal edge, and the second heart sound was widely split
with a soft delayed pulmonary component, indicating pulmonary
stenosis (Fig. 1). His sputum was purulent, and bilateral
rhonchi and rales were present on auscultation of the chest.
The spleen was not palpable.

FIG. 1.-Phonocardiogram showing long e~ection systolic murmur. The
pulmonary valve closure sound (P2) is delayed 0.06 seconds after aortic
valve closure (As). (LSE=left sternal edge; MA=mitral area; MF=

medium frequency.)

Investigations

The urine was normal. The electrocardiogram was normal
apart from evidence of right atrial hypertrophy (Fig. 2). The
chest x-ray film showed no cardiac enlargement, but there was
a slightly prominent aorta, which was left-sided, and a slightly

dilated and high left main pulmonary artery. The lung
fields and pulmonary vascularity were not obviously abnormal
(Fig. 3).

FIG. 2.-Electrocardiogram recorded on 19 February 1952. It shows a
normal mean frontal axis of +50° and a normal QRS. The only ab-
normality is right axis deviation of the P wave (+80°) with a tall P in

leads II, III, and VF.

It seemed very likely that he had subacute bacterial endo-
carditis, and that this was the cause of the disproportionate
finger-clubbing. The basic cardiac abnormality was thought
to be pulmonary stenosis with a ventricular septal defect; but
odd features were the giant venous a wave and the lack of
electrocardiographic evidence of right ventricular hyper-
trophy. In addition, he had bronchitis and possibly also some
bronchiectasis.

Further Investigations
The haemoglobin was 13.0 g./100 ml., the white-cell count

3,000/c.mm. with 88% polymorphs, and the arterial oxygen
saturation was 85%. Blood cultures grew a non-haemolytic
streptococcus sensitive to penicillin. Sputum cultures grew
Haemophilus influenzae and Streptococcus pneummniae. He
recovered uneventfully after four weeks' .treatment with intra-
muscular penicillin, four million units daily, and he was then
advised to undergo further investigation of his heart but he
refused.
From 1952 to 1957 he had intermittent bronchitis, but

between attacks his exercise tolerance was normal.

Second Admission

In 1957, at the age of 51 years, he was readmitted with a
history of three days' shortness of breath. He was grossly
cyanosed and had a pulse rate of 220/minute, of which he was
unaware.

The electrocardiogram showed ventricular tachycardia
(Fig. 4). The arrhythmia was corrected by treatment with
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Clinicopathological Conference

intravenous procaine amide, but relapsed repeatedly for a week,
then ceased and never recurred. There was no suggestion
of cardiac infarction, recurrent cardiac infection, or other cause
for this arrhythmia. The heart size remained normal radio-
logically. Lung-function studies revealed an arterial oxygen
saturation of 90% at rest, 81 % on exercise, and 99% after
exercise. The vital capacity was only 2.5 litres, with the ratio of
forced expiratory volume to vital capacity 52%, unimproved
by antispasmodics. Mass spectrometry, using argon, indicated
inequality of ventilation, and it was concluded that he had
considerable airways obstruction and lung damage associated
with his chronic bronchitis. In view of the cardiac arrhythmia
further investigation of the heart was no longer advised;
furthermore, it was becoming clear that lung disease was his
more important disability.

FIG. 4.-Electrocardiogram recorded on 18 March 1957. Ventricular
tachycardia. Rate 215/minute.

Further Progress

More admissions for acute bronchitis followed. During these
he looked blue, and his haemoglobin gradually rose to a level
of 18.8 g./100 ml., packed-cell volume 59%. Between attacks
he still had little disability, but in 1960 for the first time he
was found to be in respiratory failure, with a mixed venous
Pco2 of 73 mm. Hg. In addition, he was found to have
developed cardiac failure, and his chest x-ray film now showed
an enlarged heart and pulmonary vascular congestion (Fig. 5).
By 1963 he was permanently blue and considerably disabled,

though still working. He was admitted this time in very severe
cardiac failure, with bilateral pleural effusions. He was
extremely blue and again in respiratory failure, with carbon
dioxide retention. The haemoglobin was 16.2 g./100 ml.,
with a packed-cell volume of 62% and hypochromic red cells
(M.C.H.C. 26%), though there was no history of bleeding.
The serum uric acid was 8.5 mg./100 ml., without clinical gout.

FIG. 6.-Electrocardiogram recorded on 4 January 1965. There is now
left axis deviation (mean front axis -45°). The QRS pattern suggests
left ventricular hypertrophy and possibly also right ventricular hyper-

trophy. Right atrial hypertrophy is very marked.
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For the next two years until his death his deterioration was

marked by increasingly frequent episodes of respiratory infec-
tion, and by chronic respiratory and cardiac failure. His heart
remained enlarged, and serial electrocardiograms since 1952 had
shown the gradual development of left axis deviation (Fig. 6),
for which there was no obvious explanation.
On his final admission, in October 1965, he was grossly

cyanosed, confused, and tremulous, and he had developed atrial
fibrillation. He died suddenly four days after his admission
at the age of 58.'

Diagnosis
Though the electrocardiogram strongly suggested tricuspid

atresia as the most likely cardiac diagnosis, left axis deviation
is seen also in several other congenital cardiac malformations,
including transposition of the great arteries with a single (left)
ventricle and pulmonary stenosis, severe pulmonary stenosis
with intact ventricular septum, and reversed interatrial shunts
and pulmonary stenosis with underdeveloped right ventricle.
It is also seen occasionally in the anatomically uncomplicated
tetralogy of Fallot.1 The auscultatory findings indicated the
presence of pulmonary stenosis, and with this and the initially
slight cyanosis, small heart, little disability, and considerable
longevity all the possibilities except for the tetralogy of Fallot
were really excluded.
Much less likely was tricuspid atresia with a large ventricular

septal defect and adequate pulmonary blood-flow, for this would
not explain the early lack of cyanosis.

It was thought that the eventual development of heart failure
was due to his lung disease, cardiac enlargement and congestive
features being associated with the respiratory failure with carbon
dioxide retention and increasing hypoxaemia.

Final Clinical Diagnosis
(1) Chronic obstructive airways disease.
(2) Possible bronchiectasis and kyphosis.
(3) Respiratory failure.
(4) Cardiac failure.
(5) Cyanotic congenital heart disease, probably tetralogy of

Fallot or less likely tricuspid atresia.

Post-mortem Findings
Dr. E. OLSEN: The body was that of an elderly, deeply

cyanosed man of average nutrition with clubbing of the fingers
and toes.
The heart weighed 660 g. (340 g. would be normal for a

patient of this build). Dilatation and hypertrophy of all
chambers were present, but were minimal in the left atrium.
The aortic valve and the atrio-ventricular valves were normal.
The right ventricular wall measured 9 mm. in thickness. A
large infracristal ventricular septal defect measuring 3X4 cm.
was present. The outflow tract of the right ventricle (Fig. 7)
was narrowed to 15 mm. by a fibromuscular band, 15 mm. below
the pulmonary valve, which is the commonest site of obstruction
to the pulmonary flow. Above the obstruction the outflow
tract widened, forming a " subpulmonary chamber." Its wall
showed severe uniform endocardial thickening. The aorta was
above the ventriculoseptal defect, in ready communication with
both ventricles. The crista supraventricularis was unusually
vertical and the papillary muscle of the conus was absent. A
pulmonary bicuspid valve was also present (Fig. 9). In one
valve pocket a few rounded yellow vegetations were seen. The
rest of the valve -was normal. No other abnormalities suggestive
of old endocarditis were seen. Behind the posterior leaflet of
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Clinicopathological Conference

the mitral valve a small yellowish area (1.5 X 0.6 cm.) of infarc-
tion was found.

Histology showed muscular hypertrophy. The yellow
pulmonary vegetations (Fig. 10) consisted of a fibrous base and
a hyaline centre with many foci of calcification. Small vessels
extended well into the valve leaflet, which was otherwise normal.
The small infarct had an unusual appearance in showing a

centre of necrosis without any cellular reaction surrounded by
a narrow rim of infarcted muscle of about three weeks' duration.
The endocardium in the subpulmonary chamber showed a

uniform fibro-elastic thickening.
The conducting system was normal. The pulmonary artery

showed a normal adult configuration of elastic pattern. The
elastic pattern of the aorta was normal.
The lungs were oedematous, congested, and showed areas of

collapse. Minimal centrilobular emphysema was scattered
throughout the lung (Fig. 8) and an area 8 cm. in diameter of
panacinar emphysema was found predominantly in the lateral
basal segment of the left lower lobe. Some dilatation of the
distal bronchial tree existed.

Histology showed extensive intra-alveolar oedema and wide-
spread changes of more recent and old chronic bronchitis (Reid
index for bronchial glands 0.7). The bronchial walls did not
show fibrosis. The bronchial arteries were slightly prominent.
The pulmonary arteries, particularly at arteriolar level, showed
medial hypertrophy (Fig. 11) and concentric intimal thickening,
indicating hypertension. Thrombotic lesions were not seen.

The liver showed accentuation of a normal pattern and
histologically changes of chronic venous congestion with
moderate degree of fatty change were seen. The kidneys
showed changes of congestion only. The spleen showed con-
gestion and a large recent infarct (Fig. 12).
The femur showed extension of bone-marrow along its centre

length. The axillary vein showed occlusion by a thrombus,
which histologically was of about three weeks' duration.

All parathyroid glands were enlarged. An adenomatous
arrangement of predominantly chief cells and complete replace-
ment of fat spaces was seen histologically. No changes sugges-
tive of hyperfunction were seen. A varicocele of the left
pampiniform plexus was present. All the other organs were

normal.

Pathologist's Diagnosis

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

Tetralogy of Fallot.
Congestion of liver, spleen, and kidneys.
Pulmonary oedema.
Evidence of pulmonary hypertension.
Chronic bronchitis and bronchial dilatation. Emphysema.
Splenic infarction.
Axillary vein thrombosis.
Secondary parathyroid hyperplasia.
Varicocele.

Discussion

Dr. OAKLEY: So this was a man who managed to live until
the age of 58 with a gross form of congenital heart disease, and
he also lived for five years after he had first developed respiratory
failure. We can discuss why he managed to live so long; we

can also discuss why he died when he did. We have seen the
typical anatomy of Fallot's tetralogy, as demonstrated by Dr.
Olsen, and might now discuss the physiology. This is a con-
dition in which obstruction to the pathway of blood from the
right ventricle to the lungs is associated with unobstructed
egress from the right ventricle into the aorta through a large
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ventricular septal defect. This means that the right ventricle
is not under stress: it is in the same happy state which it has
been in right from intrauterine life, and it means also that the
colour of the patient, his blueness-and therefore his symptoms
-depend on the relative resistances of the systemic arterioles
and of the pulmonary stenosis. Now if these are nearly the
same we will have a patient who is pink at rest and blue on
effort when his systemic arteriolar resistance falls (so that his
systemic blood-pressure does not rise). Such patients are not
very common, but the patient under discussion today was just
such a one: he had achieved a nice balance because the obstruc-
tions facing the right ventricle from the pulmonary stenosis and
from the systemic vascular bed were about the same; and so he
was pink, more or less, and almost asymptomatic.

Death from Fallot's Tetralogy

So why did he die ? Why in fact do patients with the
tetralogy die ?
They die of hypoxaemia and acidosis in infancy, and he did

not do that; and they are apt to develop dehydration because
of the great water loss as they over-breathe, and this dehydration
with the polycythaemia gives rise to thromboses and hemi-
plegias, and he survived that. They die of cerebral abscess due
to the carrying of septic particles from the systemic veins
through the ventricular defect to the brain; he survived that.
And occasionally they get bacterial endocarditis. This was a

patient with infundibular stenosis, and one would have guessed
that his bacterial infection would have been on the pulmonary
infundibular obstruction, not on the ventricular septal defect.
Anyway, he survived that also and with no complication. And
lastly, of course, " Fallots" die as a result of surgery, and he
did not undergo that, so why did he die ?
He died, I think-I am sure-of his chronic respiratory

disease, and how could that be related to his tetralogy ? Patients
with the tetralogy do not usually develop respiratory disease.
I think he had the common English chronic bronchitis
exacerbated by his chest deformity, though the presence of the
tetralogy did impose one disadvantage on him from the point of
view of his respiratory problem. Patients with the tetralogy
have to hyperventilate in proportion to their veno-arterial shunt
in order to get rid of the excess carbon dioxide in the venous

blood and keep the arterial Pco2 normal, so that a patient
with chronic obstructive airways disease might find difficulty
in doing this, and perhaps his respiratory failure occurred rather
earlier than it might otherwise have done.

Pulmonary Hypertension

An odd feature which emerged from the pathology report was
that the small pulmonary arteries seemed to show changes of
pulmonary hypertension. Now the development of pulmonary
hypertension is excluded by the basic anatomical fault of
Fallot's tetralogy, because the presonce of pulmonary stenosis
sufficient to equal the systemic resistance and determine a right
to left shunt, at least part of the time, means that the pulmonary
artery pressure must be low. How then did he manage to show
changes due to pulmonary hypertension ?

There are two mechanisms by which this might happen:
the bluer patients may develop pulmonary arteriolar intra-
vascular thromboses as Rich described; but this man did not
show any. The other possibility, which is probably much more

relevant here, is that patients with the tetralogy improve their
poor pulmonary flow by pouring in a gradually increasing
quantity of systemic arterial blood through collaterals. This is
effective in proportion to the desaturation of the systemic
arterial blood, for the more highly saturated it is the less
oxygen can be picked up by systemic arterial blood arriving at
a pulnonary capillary.
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FIG. 5.-Chest x-ray film taken on 30 December 1960. The heart is
now considerably enlarged and there is evidence of pulmonary vascular

congestion.

FIG. 3.-Chest x-ray film taken on 8 April 1952. There is no cardiac
enlargement, but the left pulmonary artery is a little high and slightly
dilated. The aortic arch is left-sided and the lung vascularity appears

normal or slightly diminished.

FIG. 7.-Outflow tract of right ventricle which shows muscular hyper-
trophy. The crista supraventricularis (arrows) and fibromuscular lip
narrow the entrance to the outflow tract. The dilatation above is the so-called third ventricle, which is lined by thick fibroelastic tissue (pale).

Above this is the bicuspid pulmonary valve. FIG. 8.-Cut surface of left lung showing emphysema and patchy fibrosis.
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FIG. 9.-Superior view of bicuspid pulmonary
valve. In the base of the cusp on the left are
small rounded vegetations, and in the base of the

right cusp a raphe is shown. (x 1.7.)

FIG. 10.-Section of vegetation on pulmonary
valve showing fibrohyaline thickening and calci-
fication. The valve cusp itself is comparatively
normal (lower part of photograph) and the
lesion is covered by dense fibrous tissue. (H.

and E. x 35.)

,4

h::

*:.:

FIG. 11.-Small hypertrophied pulmonary
arteriole about 40 microns across showing a
muscular coat between elastic laminae, which
indicates pulmonary hypertension. (Elastic-van

Gieson. x 345.)

FIG. 12.-Pale infarct of spleen. (x 1.5.)

BRM
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In this patient's case we heard from the history that he
started off fairly blue and gradually got pinker, and one might
surmise that this could only happen through a gradual increase
in the systemic collateral supply with time. Perhaps these
collaterals were sulcient to give rise to pulmonary hyper-
tension; after all, they are vessels at systemic pressure going
directly into a low-pressure pulmonary arterial system.

Survival with Fallotes Tetralogy
I think that this man, had he not had bronchitis, may have

been all set to live a normal life span. He is not the oldest
patient with an untreated Fallot's tetrology but he comes fairly
close to it. I think that longevity in Fallots tetralogy is rare
only because this particularly favourable anatomical set-up is
uncommon. Much more often the pulmonary stenosis is far
more severe, with the result that disability and cyanosis are
greater. The opposite situation is in patients with slighter pul-
monary stenosis and an increased pulmonary flow, and we do
not consider these as having the tetralogy of Fallot. A milder
degree of pulmonary stenosis clearly is one of the features which
determine longevity in Fallot's tetralogy. Other features, some
of which this patient showed, have been described by George
Buroh from Tulane University, who mentioned that such
patients sometimes showed well-developed left ventricular
potential on the electrocardiogram. Burch wondered whether
this might come through the development of pulmonary
systemic collaterals with increased pulmonary venous return to
the left ventricle.
One might suppose that it is really an accident which

ventricle develops best in the tetralogy; because, since they
communicate through a big hole, either right or left ventricle
can develop at the expense of the other. This patient was
unusual in showing apparently preferential development of the
left ventricle. We wondered about hypoplasia of the right
ventricle but we do meet this electrocardiogram from time to
time in the tetralogy. His final heart failure was, I am sure,
associated with his respiratory problem, for it was not expected
from his heart disease. Perhaps the left ventricular hypertrophy
was related to hypoxic cor pulinonale with an increased cardiac
output.
Dr. R. E. B. HUDSON (National Heart Hospital): First, may

I say what a great pleasure it is to be here in this distinguished
company to listen to such a well-presented case, both clinically
and pathologically, and I should like to offer my congratula-
tions to Dr. Oakley and Dr. Olsen.
A few points I would wish to draw your attention to. The

oldest recorded patient was in the 70th year and was described
by Bain3 in 1954, so the present example is not a record. I
myself have had a specimen from a patient of 70 years of age
with a similar kind of presentation to this, but with a more
complex anatomical deformity in the heart. A point I do not
remember hearing mentioned was whether the ductus was

patent ?

Dr. OAKLEY: It was closed.
Dr. HUDSON: This is important, because Fallot's original

description stated that some cases have a patent ductus
arteriosus, and, since the standard treatment of Fallot's tetralogy
years ago and sometimes today is the creation of an artificial
ductus, it would seem of benefit to have a patent ductus.
The question of the healed bacterial endocarditis is very

difficult: I would surmise that the infection, if it was in the
heart, was possibly in the so-called third ventricle (subvalvar
chamber). I have seen vegetations in this situation in the
Fallot type of heart, and I would think that the thick endo-

cardial fibrosis in the present case might have been the result of
healing of an infection in that area.

You did say, I think, that the valves were vascular; that is
always true in early life, but in the adult, over the age of, say

E
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IS or. so, about 10-25% valve cusps in the heart become
vascularized in their basal attachment to the vessel or to the
heart wall.
You said that the aorta was normal. I would disagree with

this. I thought that it was distinctly hypoplastic, with con-
siderable decrease of elastic tissue in the media.
Then there is the question of pulmonary hypertension: I do

not know whether the pressure was ever measured in life.
Dr. OAKLEY: No, it was not. First the patient refused and

then he had the veiltricular arrhythmia and we refused.
Dr. HUDSON: The pathological evidence for it was not

strong, but it was present, I think.
Finally, the splenic infarct is interesting. I think that it

must have been embolic from the axillary vein thrombosis.
Is that what was thought ?

Dr. OLSEN: It could possibly have come from the right
atrial appendage.

Paradoxical Embolism
Dr. HUDSON: But if the embolus came from the right

atrium or from the axillary vein it would have to cross the
heart septa to reach the left ventricle, so that we have a nice
example of paradoxical embolism.
As Dr. Oakley has pointed out, the longevity in Fallot's

tetralogy is purely a matter of haemodynamics, of how near to
normal the circulation remains. It is extraordinary how very
abnormal the circulation in this area can be and yet permit
quite a good and busy life up to the 60's. After all, how long
do we really expect to live ? If to 60 or 70, then this man
had a very good life. If we want to be centenarians, of course,
that is a different matter.

Dr. OLSEN: I was aware of the fact that patients do have
some vessels at the base of cardiac valves, and I think in the
case of the pulmonary valves a figure of 4%4 is stated as being
absolutely normal. Although the photograph (Fig. 10) was
taken near the base, there were also vessels halfway down the
valve cusp, and I thought that this represented definitely an
abnormal vascularity in the pulmonary valve.
With regard to the paradoxical infarction: this is a very good

suggestion and it had crossed our minds as well, but we also
thought that, as these patients have slowing of blood-stream
and a high viscosity due to polycythaemia, thrombi may have
formed both in the axillary vein as well as in the splenic vein,
causing an infarct.
The third point was the thickening of the endocardium of

the subpulmonary chamber or the "third ventricle.", We did
search very intensely for vegetations: none were found. We
also considered this thickening very carefully, but with narrow-

ing of the infundibulum, as in this case, would not the eddy
currents and the abnormal impinging of blood be sufficient to
account for the endocardial thickening ?

Another point in favour of endocardial thickening rather
than of vegetations was this rather regular appearance of elastic
as well as collagenous tissue one so often sees in endocardial
thickening in valvular disease.

Professor RUSSELL FRASER: The pulmonary disease was
quite prominent here, was it not ? It was not very clear why
it developed to such an extensive degree. Have you any

suggestions about that ?
Dr. OLSEN: No, none really, though the changes which I

have shown were not all that extensive because the panacinar
emphysema was rather localized to one segment of the left lower
lobe.

Professor FRASER: I did not mean the emphysema, but the
liability to bronchitis.

Dr. OLSEN: The changes in the bronchi, though histo-
logically unimpressive, were so widespread that they would fully
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Clinicopathological Conference
account for the respiratory difficulties this patient has had.
But I agree with Dr. Oakley that it is not related to the tetralogy
of Fallot but is purely coincidental.

Cause of Pulmonary Hypertension

Professor R. E. STEINER: Dr. Olsen, when you described
the outflow tract of the right ventricle, did you say there was

infundibular hypertrophy and stenosis ?
Dr. OLSEN: Yes.
Professor STEINER: How severe was this ?
Dr. OLSEN: At the infundibular narrowing, the wall of the

crescent-shaped projection measured 9 mm. The channel
through this outflow tract measured at the narrowest point only
1.5 cm. across.

Professor STEINER: That is not all that narrow, is it ?
Dr. OLSEN: No, but it is still of sufficient narrowness to

warrant the term "ostium of the infundibulum."
Professor STEINER: Dr. Oakley tries to tell us that the

pulmonary hypertension in this patient was largely due to the
bronchopulmonary anastomosis. I would feel that what you
have shown us was minimal. The bronchial arteries of this
patient were not markedly dilated. Could it not be that the
blood flow through the slightly narrowed infundibulum was

not so restricted ? With the development of further right
ventricular hypertrophy due to cor pulmonale, the patient in
fact may have got more blood through. So we do not need to
invoke an excessive bronchopulmonary circulation to explain
the pulmonary hypertension; we can say that bronchitis played
the major part, as well as a possible left to right shunt.

Dr. J. P. SHILLINGFORD: On the other hand his arterial
oxygen saturations were rather puzzling, were they not ? They
were 90% at rest, 81% after exercise, and then they went up

to 100% when he rested. This in view of the fact that he also
has pulmonary disease with a vital capacity of 2.5 1., and he
was not breathing oxygen, presumably ?

Dr. OAKLEY: No.
Dr. SHILLINGFORD: It is rather odd, is it not, that the oxygen

saturation was up to 100% after exercise ?
Dr. OAKLEY: I think that at that time he had probably a left

to right shunt with a small increase in pulmonary blood-flow
at rest and a right to left shunt on exercise. The saturation
in these sort of people is extraordinarily labile. I do not think
it is really very odd.

Differential Diagnosis

Dr. J. P. D. MOUNSEY: May I ask Dr. Oakley about two
clinical points that she raised in the differential diagnosis
between Fallot's tetralogy and tricuspid atresia ? The first point
was that this patient had clinical evidence of right atrial hyper-
trophy, and I think you said right atrial hypertension.

Dr. OAKLEY: Yes.
Dr. MOUNSEY: And this evidence was that the patient had

a so-called giant " a" wave, easily seen in the neck, and also
that the electrocardiogram gave evidence of right atrial hyper-
trophy. Now I know that these clinical findings are normally
considered to weigh against the diagnosis of Fallot's tetralogy
and are more in favour of tricuspid atresia or some other
obstructed type of right heart lesion. However, how cast-iron
is this general rule that the shunting, hypertensive, unobstructed
right ventricle of Fallot's tetralogy is not associated with gross
right atrial hypertrophy ?
The second point I want to raise is similar: I think that you

said an even stronger argument in favour of tricuspid atresia
in this patient's case was that the electrocardiogram suggested
left and not right ventricular hypertrophy. I thought the
electrocardiogram suggested more bi-ventricular hypertrophy.

Barris3nMBDACAL JOURNAL

If not, how do you explain the S waves going right across the
chest into V7 ? Such a pattern would in fact be compatible
with either diagnosis, would it not ?

Dr. OAKLEY: To answer your last question first-we know
in fact that he did have bi-ventricular hyWertrophy, so that I
am sure that you are perfectly right and that the deep S waves
going across to V7 were associated with that right ventricular
hypertrophy. On the other hand, in tricuspid atresia just such
a pattern may be seen.

Going back now to your first point, a few patients with
the tetralogy of Fallot do show a giant right atrial a wave. It
is commoner in those patients who are living on a large
systemic-pulmonary shunt: these patients have an increased
blood volume and so a higher venous pressure and often a giant
a wave. In tricuspid atresia, where classically one looks for
the giant a wave in the neck, its presence or not is determined
by the size of the atrial septal defect. If the A.S.D. is small
then the right atrium is indeed seriously obstructed and a giant
a wave will be seen. In those patients who have a large atrial
septal defect and an adequate ventricular septal defect (and
therefore often quite a sizable right ventricle and good pul-
monary flow) a giant a wave is no more often seen than it is in
the tetralogy of Fallot, so it was odd either way.

Dr. MOUNSEY: But it clearly did not exclude the diagnosis
in this man?

Dr. OAKLEY: Not at all. Seeing him terminally, tricuspid
atresia seemed a very good diagnosis. I think, seeing him from
the beginning with his slight cyanosis and small heart, that the
tetralogy was much more probable.

Could I ask Dr. Hudson, please, for his explanation for the
hypoplasia of the aorta? I would have thought that one would
expect the opposite in a tetralogy. In these patients the aorta
is usually carrying an increased volume of blood.

Dr. HUDSON: Much of our time is spent observing things
without being able to explain them and I think this must be
an example. Certainly you do get dilatation and thinning of
the pulmonary trunk and main branches in Fallot's tetralogy;
this is a haemodynamic effect related to the jet forces distal
to the stenosis, but why the apparent hypoplasia in the aorta ?
We saw only one section, and it may be a little misleading to
report the appearance of the aorta on this; but the section that
was put in front of us was not, I feel, a normal aorta. There
was not enough elastic tissue in the media. At birth the aorta
and pulmonary trunk are indistinguishable, and it is only in the
first year that you will see a difference between the two, the
aorta retaining its elastic configuration and the pulmonary
trunk losing it partly. We really want sections from other
segments of the aorta.

Dr. OLSEN: I have looked at more than one section and my
impression was that this was the normal elastic configuration of
the aorta. This was my impression and this is why I presented
it as such. I have perhaps chosen a rather poor photograph.

Professor FRASER: Dr. Shillingford, do you think if he had
agreed to have his cardiovascular status examined in 1952 he
might have had different treatment advised and a different
outcome, or not?

Dr. SHILLINGFORD: I should not have thought that we should
have advised him to have an operation. Dr. Oakley probably
would like to comment on this.

Dr. OAKLEY: If this man came today, as he did in 1952, at
the age of 45 and without his chronic bronchitis I think we
should leave him severely alone, because it is my belief that
such a patient would have a normal or near to normal
expectation of life. I do not think that all patients with the
tetralogy should be operated on purely because one makes a
diagnosis of this gross anomaly of the heart. He was physio-
logically very well and not expected to develop heart failure
or late cyanosis if it had not been for the respiratory disease,
so I think he should have been left alone.
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Cardiomyopathy

Dr. SHILLINGFORD: I should like to ask Dr. Oakley if she
thinks that this is a form of right ventricular cardiomyopathy ?
Is it the same sort of thing as one finds in the left ventricle ?
And would she expect, if one were to make a histochemical
examination of that ventricle, that you would find abnormal
nerve plexuses on this ventricle ?

Dr. OAKLEY: I hate even to comment before Dr. Hudson
here, not to mention Dr. Olsen. The right ventricle is excep-
tionally healthy in most patients with the tetralogy. Professor
Pearse has examined biopsies from the infundibular muscle
obtained at operation in patients with the tetralogy, and he has
found that it looks like any other hypertrophied heart muscle
and that it does not contain the excess of nerve fibres and
catecholamines which is found in the left ventricular outflow
tract of our patients with hypertrophic cardiomyopathy.

Dr. OLSEN: Professor Pearse has pointed out to me that one
can pick out abnormal fibres in the hypertrophic cardio-
myopathy stained with ordinary haematoxylin and eoein and
by light microscopy. These fibres are very much larger than
seen in the usual hypertrophy. There is much nuclear variation
and distortion and also there is vacuolation of the cytoplasm.
These fibres also leave a peculiar distribution which one does
not normally see in this ordinary ventricular hypertrophy.
Would you agree with that, Dr. Hudson ?

Dr. HUDSON: In the hypertrophied right ventricle of the
congenital hearts that I have seen there is nearly always a
considerable replacement of muscle by fibrous tissue, and this
has given rise to the idea that the muscle has become stiff and
will not respond to relief of the obstruction; the pressure will
remain elevated owing to this "stiff right ventricle," and I
should think that this case was no exception.

Fibrous Replacement in Right Ventricle

Dr. OAKLEY: May I ask one thing: I thought, perhaps
erroneously, that in patients with the tetralogy of Fallot and a
right ventricular pressure which had always been and could
not exceed systemic pressure level the muscle was
apparently not replaced by fibrous tissue, whereas in severe
pulmonary stenosis with closed ventricular septum the right
ventricular pressure could soar up to any level on exercise and
much fibrous replacement 'was very common. This was
described by Allanby and Campbell5 and may limit the resolu-
tion which can be expected alter surgical relief of the stenosis.
Is there a difference between the right ventricle in these two
conditions, histologically or otherwise ?

Dr. OLSEN: I am not aware of it. One sees patchy fibrosis
in all right or left ventrides where there is ventricular hyper-
trophy, depending on the degree of hypertrophy. I think
Harrison and Wood did some work in 19496 on this and they
thought that patchy fibrosis could be due to low coronary flow
in heart failure rather than any abnormality of vessels. Would
you care to comment on this, please, Professor Harrison ?

Professor C. V. HARRISON: I think that is true. We have
observed slight fibrosis in cases of pure hypertension but it was
not very extensive.

Left Ventricular Hypertrophy
Professor STEINER: Dr. Oakley, you have not yet explained

the development of left ventricular hypertrophy which came on
when he developed his bronchitis.

Dr. OAKLEY: There are a number of explanation on can
make: one could say that theoretically either ventricle could
take the burden of the body's requirements in the tetralogy
because they are immutably linked, and one could go over to
the respiratory problem and say that this is an example of

hypoxic cor pulmonale, in which we know that the left ventricle
may hypertrophy and dilate. And if I may go back to your
question of a few minutes ago which I did not answer-you were
inquiring why this patient did not have pulmonary hyper-
tension on the basis of an increased pulmonary blood-flow.

Professor STEINER: Yes. I am suggesting that there was an
increased blood-flow, in fact even past the narrowed
infundibulum.

Dr. OAKLEY: You are postulating that he had a left to right
shunt in fact. He was blue early in his life and he had cyanosis
either because his pulmonary vascular resistance was exceedingly
high or because the resistance at the infundibulum was very
high. He was in fact shown to have pulmonary stenosis by
the auscultatory findings alone with a loud murmur and
delayed pulmonary valve closure. We -know that any pul-
monary stenosis would have prevented right ventricular systolic
pressure from being transmitted to the pulmonary bed and it
must here have been severe for him to have been blue.

Hyperparathyroidism

Dr. C. C. Boom: May I just ask why he had big para-
thyroids ? I did not understand this.

Dr. OLSEN: I do not know whether renal failure was present
terminally, but we thought this was a secondary hyperpara-
thyroidism.

Dr. Boom: Yes, I know you said that; but there was no
obvious reason for him to have developed secondary hyperpara.
thyroidism. Was there any cause for it ?

Professor FRASER: I think the most likely event here was
chronic uraemia of a mild degree. Do we know ?

Dr. OAKLEY: He did not have chronic uraemia. His terminal
blood urea was 88 mg./100 ml., and before that time it was
always normal.

Dr. Boom: A discussion occurred at the Medical Research
Society recently on the significance of parathyroid hyperplasa
and how often it is found incidentally in necropsy or surgical
specimens. It would be very interesting to know if this patient
ever had a serum calcium measured, because he ought to have
hyperparathyroidism, ought he not ? We are told that you
never get parathyroid hyperplasia in normal people.

Professor FRASER: How big were they in weight ?
Dr. OLSEN: We did not weigh them, but the upper limit of

normal length is about 0.6 mm. and these were 0.8 mm. m
length; there was macroscopically quite considerable enlarge-
ment in width as well as length. Histologically there was also
definite evidence that hyperplasia was present; all four of them
were of similar size.

Dr. Boom: What a pity we didn't know his serum calcium.

We are grateful to Dr. J. P. Shillingford and Dr. B. Heard
for assistance in preparing this report, and to Mr. W. Brackenbury
for the photomicrographs.
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