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CLINICAL SECTION
CLINICO-PATHOLOGICAL CONFERENCE- No. 12 *

Mitral Stenosis with Pulmonary Hypertension

Case History (Dr. E. D. H. Cowen)
Mrs. J.P., an uncomplaining Scottish housewife

of 44 years of age, who had done light factory
work, was admitted on January II, 1950, in con-
siderable respiratory distress and with signs of a
right basal effusion.

History. She had been well till ii years pre-
viously, when she began to cough, had occasional
haemoptyses and became dyspnoeic. The dyspnoea
was gradually progressive and recently she could
only climb six steps. Her present illness started
with a chest cold. Breathlessness was marked
even at first, and four days before admission she
began to cough up bright red, frothy sputum,

Previous health. No rheumatic fever; was seen
at another hospital five months ago and atrial
septal defect diagnosed.

Examination. Orthopnoeic, slight cyanosis, bi-
lateral recurrent streptococcal dermatitis of face
from nasal fissures. Venous pressure not raised,
blood pressure i io/6o. Sinus rhythm. Loud
triple rhythm at apex. Pulmonary second sound
loud with no splitting. No significant murmurs.
Signs of right basal infarct with blood-stained
effusion. Psoriasis. Rectocoele and cystocoele
controlled by ring pessary.

Clinical impression. Pulmonary infarction, com-
plicating heart disease of uncertain aetiology.

X-ray. Enlarged heart, gross enlargement of
main pulmonary trunk and both pulmonary ar-
teries. Cardioscopy (weeks later when she had
improved) showed, in addition, no pulsation of
pulmonary trunk and its main branches and
showed barium displaced backwards by large left
auricle.

E.C.G. Gross right ventricular hypertrophy.
Cardiac catheterization (February). Right ven-

tricular pressure 74/14 to 63/10 mm. mercury, with
cardiac output of 2 1. per min. Digoxin raised
this pressure to iio/i8 with no symptomatic im-
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provement. Oxygen uptake studies revealed no
cardiac shunts; (April) pulmonary artery pressure
74/52, right ventricular pressure 80/i2 mm. Hg.
It was now recognized that she had pulmonary
hypertension of uncertain aetiology; atrial septal
defect was excluded. Mitral stenosis seemed likely
but the typical mid-diastolic murmur was not
present and this was confirmed by phonocardio-
graphy. ? essential pulmonary hypertension.

Course. Patient improved only slightly with
rest in bed and removal of a 1. of blood-stained
pleural effusion. At the end of January she de-
veloped some oedema of the ankles. She developed
three further episodes of right basal pulmonary in-
farction and X-ray showed a persistent shadow just
above this region. ? right pulmonary artery
aneurysm. She was treated with anticoagulants.
Lung volume studies showed a-vtal capacity of
I.I 1. with total lung volume of 2.9 1., also some
impairment of mixing similar to emphysema but
less than i 1. of ' lung ' showed this impairment.
March 1950, short mitral diastolic murmur heard
well out in axilla in left lateral position when
patient was considerably improved. Angiocardio-
gram to elucidate the nature of the shadow above
the right recurrent infarctions was not diagnostic as
the last picture was taken too early. Dye injection
studies (March) showed cardiac output of 2.7 1.
with intrathoracic blood volume of i.9 1. (z to
2.9 normal). She very gradually improved from
her moderate cardiac failure and was able to leave
hospital on April 27, 1950. She was readmitted on
September 28, 1950, and died within a few hours.
Dyspnoea had gradually increased. She had cold
blue extremities. Blood pressure unreadable. No
peripheral pulse. Raised jugular venous fissure
and auricular fibrillation with ventricular rate
about 170 per mm.

Final clinical diagnosis. Pulmonary hyper-
tension and right heart failure. ? mitral stenosis.
Multiple pulmonary infarctions right base. ? pul-
monary artery aneurysm.

Autopsy Findings (Dr. A. G. E. Pearse)
Post-mortem was performed nine hours after

death. The body was that of a well-nourished
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Fic. i.-The right pulmonary artery showing damaged

wall and laminated thrombus leaving a small lumen
above. H. & E. x 5.
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FIG. 2.-Part of the wall of the vessel shown in Fig. i.
Verhoeff's elastic ana Van Gieson stains x 65.

woman looking considerably older than her stated
age. Severe chronic psoriasis was present on all
limbs and on the trunk. Cyanosis was moderate.
There was a blood-stained right pleural effusion

of 200 cc., and a similar effusion of ioo cc. into the
pericardial sac. The heart weighed 420 gm. The
mitral valve was stenosed with thickened and cal-
cified cusps, and would not admit the tip of a
finger. The left posterior cusp of the aortic valve
was similarly thickened and calcified. Histo-
logically both these were due to old rheumatic val-
vulitis. The left auricle was hypertrophied and
dilated, with a prominent Macallum's patch on its
posterior wall. The right auricle was dilated and
the appendage contained antemortem clot, while
the tricuspid ring was slightly incomhpetent. The
left ventricle was normal with a small cavity, the
right ventricle grossly hypertrophied (i6 mm. in-
stead of the normal 5 mm. in thickness). Histo-
logically the myocardium showed old perivascular
fibrosis but no sign of any active rheumatic process.
The outflow pathway and pulmonary valve were
normal. A finger could be passed quite easily
down the main pulmonary artery and into the
right and left main branches, the only indication of
any abnormality being a sensation of something
hard pushing up behind the vessel. On opening
the pulmonary artery, however, at a distance of
6 cm. from the valve, there was a large arterio-
sclerotic ulcer filled with laminated thrombu3
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FIG. 3.-Three small pulmonary vessels with, above, or-
ganizing thrombus and, below, intimal arterio-
sclerosis. Verhoeff's elastic and Van Gieson
stains X 24.
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FIG. 4.-A small pulmonary vessel showing necrosis of
its medial coat and deposition of fibrin. So-called
necrotizing arteritis. Verhoeff's elastic and Van
Gieson stains x IOO.

which had spread down the right and left branches,
blocking the former completely at a diameter of
i2 mm. Fig. i shows the right pulmonary artery
shortly after its origin. At least three episodes of
thrombosis can be determined, the oldest adherent
to the wall of the artery and organizing. The
histological changes in the wall of this vessel are
shown in Fig. 2. In the thickened adventitial
coat below, numerous dilated vessels with thin
walls can be seen. Around the smaller vessels
there is a lymphocytic infiltration. Capillaries are
seen running from these dilated adventitial vessels
through the muscular coat to organize the adherent
thrombus which takes the place of an intimal coat.
Above the dense collagen of the inner layers of
advOntitia the stretched and disrupted media can
be seen, with broken remnants of elastic fibres
coursing through it.

In the medium-sized pulmonary arteries two
types of change could be found (Fig. 3). First, as
in the smaller vessel above, small adherent or-
ganizing thrombi with newly-formed dense colla-
gen fibres, and secondly, as in the two vessels be-
low, an intimal arteriosclerosis with large lipoid-
filled areas but without fibrosis. The latter were
visible to the naked eye as atheromatous patches.
The smallest pulmonary vessels showed the onion-
skin intimal hyperplasia and in some areas the
necrotizing arteritis described by Parker and Weiss
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(1936) in cases of mitral stenosis. Fig. 4 illustrates
the latter condition. The alveolar capillaries and
alveolar walls did not show the changes described
by Parker and Weiss, perhaps due to their pre-
vention by innumerable small infarcts. Pul-
monary haemosiderosis was present and, at the
right base and mid-zones, several recent red in-
farcts. The bronchial arteries were normal. The
liver showed severe nutmeg change but neither the
spleen nor the kidneys were congested. No relevant
pathology was found in the other organs.
The case was regarded as one of tight mitral

stenosis, with secondary pulmonary arteriolar and
arterial hypertensive changes affecting even the
main branches of the pulmonary artery, so that in
addition to multiple small pulmonary infarctions
due to thrombi from the right auricle, a massive
thrombus formed in the aneurysmal bed of a large
ulcerated area in the pulmonary trunk. Death was
not considered to be directly due to the final
episode of thrombosis except that this may have
accentuated the degree of right Ventricular failure
already present.

Discussion
DR. COWEN: It seems to me that this is a very

interesting case. It is one of the types of mitral
stenosis in which we are very interested because
such a very small slit is presumably the ideal type
for Mr. Brock and his valvulotomy. I have not
quite understood all the autopsy findings. Is the
aneurysm in the pulmonary trunk only, and that
lesion which I showed you in the right main pul-
monary artery? Are we to assume that pulmonary
artery changes of different types in big, small and
very small vessels are entirely due to the hyper-
tension which is secondary to the really small
mitral stenosis? Is that the pathological view? If
so, what is the explanation of the persistent X-ray
shadow far out in the right pulmonary artery? It
would appear that the difficulty of hearing the
mitral diastolic murmur must be due to the fact
that this is a button-hole orifice with poor flow,
causing little turbulence and so poor audibility.
I think that another clinical point is, why was she
not fibrillating? I do not know the answer, but I
believe we have seen other cases of mitral stenosis
with pulmonary hypertension and no fibrillation
for years-Dr. Bayliss had one for instance in a
young lumberjack. I would like to know if there
was any pathological explanation of the absence
of fibrillation?

DR. FRASER: Perhaps you would like to deal
with the aneurysm first, Dr. Pearse.

DR. PEARSE: I take it that the lesion in the main
trunk was a hypertensive arteriosclerotic change
leading to ulceration and to thrombosis on top of

that. The thrombus then spread down both main
branches, and since they were weakened by the
same factors, besides the saccular aneurysm of
the main pulmonary trunk there occurred an
aneurysmal dilatation especially of the right and
also of the left main branch. With regard to the
question about fibrillation, we might find such
things as fibrosis of the bundle, but I did not
specifically look for that and did not see any. I
have no explanation for the absence of fibrillation.
As for the pulmonary arterial changes in the small
vessels, 1 do not think there is any doubt that they
are primary. It has been suggested that they
might be rheumatic. In the larger vessels there is
the possibility that the changes may be rheumatic,
though that is apparently not described in the
literature. They might be syphilitic, but we can
dismiss that on the histological appearances, and
thirdly, they might be and, in fact, are, due to
simple arteriosclerosis, which must be secondary
to the pulmonary hypertension.

DR. LENNOX: I would like to suggest that there
is a possibility in this case that this is, in fact, a
rheumatic arteritis of the pulmonary trunk, and it
is possible that the whole -story is derived from
that. The case raises one very important question
-why do some cases of mitral stenosis get this
sort of malignant hypertension of the pulmonary
circuit? It may be a matter of chance, just as, so
far as we know, it is a matter of chance when a
case of benign hypertension becomes a malignant
hypertension. Perhaps there is overaction of a
reflex rise in the pulmonary circuit as a compensa-
tion to the mitral obstruction. In this particular
case there is another possibility-that we have got
a rheumatic arteritis of the pulmonary trunk and
that that has produced a thrombotic lesion and
has again produced numerous infarcts. If one
gets a lot of infarcts in the pulmonary circuit one
gets anastomoses between the bronchial arteries
and the pulmonary arterial circuit which can be
quite substantial in degree, as Dr. Cudkowicz has
shown. There is another case coming to con-
ference soon in which we can demonstrate that.
Large amounts of high pressure blood getting into
a pulmonary artery in which the outflow is already
difficult as the result of mitral stenosis may well be
enough to raise the pulmonary artery pressure very
greatly. That is a very possible explanation.
Hypertension might in its turn produce the
secondary hypertensive changes in the small
vessels. This is a rather hypothetical explanation,
but I think the bronchial artery anastomoses might
well be a matter of importance.

DR. FRASER: Have you any evidence of the
bronchial artery changes in this case?

DR. LENNOX: No, not in this case, they were
not injected. But it was obvious in at least two of
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Dr. Pearse's slides that the vasa vasorum, which
are bronchial, were dilated.

DR. FRASER: Could Dr. Cudkowicz give an
opinion on this?

DR. CUDKOWICZ: There is, I believe, some work
available which was done in I938 by Miller and
Wood who have shown that in mitral.stenosis and
in any form of rheumatic heart disease a corres-
ponding change occurs in the pulmonary vascula-
ture. This change is probably coincidental, i.e.
occurs at the same time. The changes which have
been described were these of pre-capillary
anastbmoses between the pulmonary and bronchial
artexies. As Dr. Lennox has pointed out, an inflow
of arterial blood at a systemic blood pressure of
approximately ioo into the pulmonary circuit be-
fore the pulmonary artery blood actually reaches
the capillaries is quite capable of raising the pul-
monary artery pressure to heights approximating
to systolic pressure. One of the effects of this
phenomenon presumably would be stasis within
the proximal part of the pulmonary artery, and a
second, that the large loss of blood into the pul-
monary artery would cause the bronchial arteries
to neglect to supply those parts of the lungs which
they are destined to supply. Thus the bypass of
blood into the peripheral parts of the pulmonary
artery would lead to a certain ischaemia of the
pulmonary arterial wall. Ischaemia of the artery
wall in any artery is quite capable of producing
intimal or medial changes in that artery as we see
from the effect of vasa vasorum blockage in
syphilitic aortitis. That may be the explanation
of the aneurysm in this case. The other thing
which one might consider is the large amount of
bronchial artery blood which entered the pul-
monary capillaries and which in this case would
have maintained the oxygenation of the patient in
spite of the fact that the lumen of the pulmonary
artery is very small, so that otherwise it is surpris-
ing that the patient was not cyanosed.
DR. PEARSE: r do not think there is any evidence

that the arterial changes are rheumatic. They are
of the kind described by Parker and Weiss. I do
not think there is any evidence in these walls that
there is ischaemia due to blockage of the vasa
vasorum, in fact the reverse, they are in very good
order. Thirdly, the lumen of the pulmonary ar-
tery was at least as big as my index finger because
I got down it before noticing there was a clot in
the pulmonary artery, so that a fair amont of
blood could get down it even terminally.
DR. LEWES: I would like to approach this

problem from the clinical angle. 1 think all would
agree in retrospect that the differential diagnosis
lay between atrial septal defect and mitral stenosis,
or a combination of both (Lutembacher's syn-
drome). Is there anything in the clinical history

which would direct us to the right diagnosis? I
think that the course of the patient's history is
against an atrial septal defect. Patients with an
atrial septal defect remain remarkably free from
symptoms until the last, but when they go into
heart failure they die rapidly. This patient's
history of dyspnoea extends over ii years. She
had recurrent attacks of bronchitis and breathless-
ness, typical of a mitral valvular disease. It is un-
usual, I agree, to have patients of this age going
into heart failure with mitral stenosis in normal
rhythm, but they do occur and this patient does
show several interesting points, namely, the
difficulty of managing patients in failure due to
mitral stenosis with normal rhythm, and secondly,
the fact that such patients, when they go downhill,
die rapidly. I would suggest we should not
accentuate the pulmonary infarction as the cause
of death. I think the most likely immediate cause
of death is acute left auricular failure in normal
rhythm as described by Sharpey Schafer and by
Crighton Bramwell. We come to the physical
examination. Dr. Cowan emphasized the tight
type of mitral stenosis producing very few auscula-
tory signs of mitral disease. There is quite a
literature on the so-called aphonic mitral stenosis
which is usually due to tight mitral stenosis.
Parkinson also has shown that in early cases you
may get no ausculatory signs at all even with
radiological evidence of dilated left atrium.
To come to the differential diagnosis between

atrial septal defect and mitral stenosis. I think
there are four good reasons why this cannot be an
atrial septal defect: (I) The history, which has
been mentioned. (2) The clinical examination,
the absence of a pulmonary systolic or diastolic
murmur which is a usual finding. (3) On screen-
ing there was no mention of pulsation of the
pulmonary vessels. (4) The E.C.G. is quite
against it. Evidence of right bundle branch block,
particularly an Rsr' complex in V, is lacking in
this case and it would be unwise to diagnose atrial
septal defect in the absence of this sign. From
the point of view of the large pulmonary artery,
the pathological evidence supports the view
that the thrombosis was secondary to the dilata-
tion. But I will agree with Dr. Pearse to play down
the thrombosis as the cause of death.

DR. FRASER: Just before we go off that point I
would like to hear an opinion on the radiological
findings.

DR. STEINER: One point which Dr. Lewes did
not make is, I think, that even if this were a
Lutembacher you would not expect a large left
auricle. They usually show very slight left
auricular enlargement. As the valves are calcified
it is remarkable that they were not seen on screen
examination; it would have helped with the
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diagnosis. The point Dr. Lewes made is very
important, the absence of pulsation of the root
shadow; you could not possibly diagnose an atrial
septal defect without that. I think that the throm-
bosis may be important in connection with this;
very often you see an aneurysm of the aortic arch
without pulsation, which may be due to throm-
bosis within it.

DR. FRASER: What about the other point, of the
shadow in the right base?

DR. STEINER: I think the root shadow was just
a big pulmonary artery. It has the same significance
as a dilated pulmonary conus on the other side.

DR. CROFTON: The failure to see the valvular
calcification might be due to the effusion. It
must have been rather difficult to screen this lady.

DR. STEINER: Well, possibly yes, but if the
aortic cusps were calcified they would be fairly
high in position and I think you should be able to
see them.

DR. CROFTON: But they were calcified and they
were not seen.

DR. SHERLOCK: There is one other point about
the clinical diagnosis. I do not think a patent
septum was very seriously entertained. I think
they were much more worried about primary pul-
monary hypertension, and surely most of the
points Dr. Lewes raised will not distinguish mitral
stenosis from a primary pulmonary hypertension.

DR. COWEN: About the radiological aspect of
this case, one of the difficulties was that we could
not screen the case for 21 months after admission
because she was so seedy. I do not think two of
Dr. Lewes's points, those which concern the history
or the pulmonary systolic murmur, are of as much
importance as he suggests. I think Dr. Sherlock's
observation is true. The fact that the pulmonary
arteries did not pulsate was noted and thought to
be significant, but thtre was this radiological
abnormality beyond in the right branch, and we
were not too happy as to what the exact diagnosis
was-that is to say, what there was behind the
pulmonary hypertension.

DR. DONIACH: Further to the question of the
mode of death, I should think that acute left
auricular failure, as suggested by Dr. Lewes,
would be associated with fulminating pulmonary
oedema, which Dr. Pearse did not show us in
this case, so we cannot rule out a part played by
the thrombus of the pulmonary artery in the cause
of death.

DR. FRASER: Yes, I agree one would expect to
see pulmonary oedema. Do you think that is
important?

DR. DONIACH: Yes, by ruling out Dr. Lewes's
suggestion we fall back on pulmonary thrombosis
as an important factor in the cause of death.
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