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A Case of Open Heart Surgery with Inadequate Perfusion of the Liver

PRESENTED AT THE ROYAL POSTGRADUATE MEDICAL SCHOOL

Clinical History
Professor J, F. GOODWIN: The patient, Case No. 231619, P.M.
11186, was a woman of 26 years at the time of her death. She
had suffered rheumatic fever at the ages of 6 and 13 years.
After the second attack she had haemoptysis, dyspnoea,
and oedema of the legs. Dyspnoea on effort persisted later.

She was first seen at Hammersmith Hospital in 1959, when
she was 23 weeks pregnant. Her effort intolerance was grade
lIb.
On examination she was a small woman with a pigeon chest.

The arterial pulse revealed atrial fibrillation and was small and
quick rising. The jugular venous pressure was normal. Both
ventricles were grossly enlarged. There was a grade 4 pan-
systolic murmur and thrill at the apex, and at the left sternal
edge; a grade 2 mid-diastolic murmur at the apex; and a
grade 2 early diastolic murmur at the left sternal edge. Pul-
monary valve closure was accentuated. The lungs were clear,

FIG. 2.-Electrocardiogram showing atrial fibrillation with normal frontal
plane QRS axis. Deep " S " waves tn VR to V,, together with T-wave
inversion in V4.,, indicated left ventricular enlargement. There are also
digitalis effects. The normal axis is compatible with left ventricular
hypertrophy alone at this age, but could be due to associated right

ventricular hypertrophy.

and the liver was not enlarged. There was no oedema. The
urine was normal, and the blood pressure was 100/60 mm. Hg.

Radiography showed enlargement of all cardiac chambers.
A diagnosis of rheumatic mitral and aortic incompetence

was made. She was treated with bed rest, digitalis, and
diuretics. A low forceps delivery on 4 March 1960 resulted
in the delivery of a normal child.

In 1960 she had no dyspnoea and was without symptoms or
signs of congestive heart failure. She returned to Ireland.

In 1964 she was admitted for investigation. In the last
4 years dyspnoea had developed and had become progressively
worse, so that she could not now manage stairs or walk more
tban 50 yards on the flat, and she needed four pillows at night.
(grade HIb).

On examination she was frail and had a malar flush. There
was bulging of the sternum and a dorsal kyphosis. The jugular
venous pressure was normal, but there was atrial fibrillation
with an ill-sustained arterial pulse. The right ventricle, left
atrium, and left ventricle were enlarged and produced very
marked pulsation of the sternum. The cardiac murmurs were
as before, the mitral first sound being of poor quality. A late
third sound and decrescendo mitral diastolic murmur (grade 3)
were present in addition to a soft aortic diastolic murmur. The
second sound was widely split, and pulmonary closure not
greatly accentuated. The blood pressure was 100/60 mm. Hg.
There were basal rales in the lungs, and the liver was

enlarged three fingerbreadths below the costal margin. There
was no oedema, no ascites, no splenomegaly, and no jaundice.
Radiography revealed an enormous heart with an aneurysmal

left atrium (Fig la and lb). A tomogram showed calcification
in the mitral valve and left atrium. The electrocardiogram
showed marked left ventricular enlargement, possible right
ventricular enlargement, a normal frontal plane axis, digitalis
effects, and atrial fibrillation (Fig. 2).
The haemoglobin was 13.5 g./100 ml., and the W.B.C. 5,000/

cu. mm. The bicarbonate was 34, the sodium 142, the potas-
sium 3.0, and the chloride 93 mN/litre. The urea was 33 mg./
100 ml. Liver-function tests: the bilirubin was 0.7 and 1.9
mg./100 ml., the alkaline phosphatase 11.9 King-Armstrong
units, the thymol turbidity 4 and 1, and the zinc sulphate 7
and 6. The antistreptolysin titre was 200 (see Table).

Liver Function Tests

Preoperative Postoperative
17.11.64 14.12.64 16.2.65 18.2.65

Bilirubin .. .. 19 0-7 14 13-5 mg./100 mL
(75%

conjugated)
Alkaline phosphatase 9 11 5 5 K.A. units
Zinc sulphate turbidity 6 7 5 6 units
Thymol turbidity 1 4 4 6
Albumin .. .. 46 - 4-1 3-6 g./100 ml.
Globulin 3-1 19 3-1 ,,
Isocitric dehydrogenase _ _ - 30 i.u./l.
Lactic dehydrogenase - _ - 960 i.u./l.

(heat stable 30%)

Progres

A diagnosis of severe rheumatic mitral incompetence and
moderate aortic incompetence was made. There was a variable
degree of tricuspid incompetence, probably functional in view
of the elevated pulmonary artery pressure. There was probable
cirrhosis of the liver.
She was treated with digitalis, a low salt diet, diuretics, and

alkaline potassium supplements, despite which her serum potas-
-sium never rose above 3.2 mN and was often 2.5 to 2.8 mN.
The bicarbonate was never below 30 mN and was once as
high at 41 mN. Despite these levels a reasonable good diuresis
was maintained.
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744 25 March 1967 Clinicopathological Conference

She was also placed on warfarin to discourage peripheral
venous thrombosis and pulmonary and systemic embolism.

In view of the very poor prognosis and great limitation of
activity it was decided in consultation with Professor H. H.
Bentall to carry out mitral valve replacement.

The risks of the operation were considered to be high because
of the very large heart, restrictive lung disorder, combined
iortic and mitral valve disease, heart failure, and electrolyte
abnormalities suggesting chronic potassium depletion.
At operation on 11 February 1965 the left atrium was enor-

mnous and filled the chest. The mitral valve was destroyed and
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FIG. 3.-Pre- and post-operative phonocardiograms. Before operation
there is a loud pansystolic murmur, third heart sound, and short de-
:rescendo mid-diastolic murmur. In the pulmonary area a soft early
Diastolic murmur of aortic incompetence is recorded. After operation the
ivstolic murmur has disappeared, the second heart sound is soft, and a

iouble opening sound of the prosthesis is recorded. The early diastolic
mnurmur of aortic incompetence is recorded at the aortic area. PA=
pulmonary area; MA=mitral area; AA=aortic area; HF-high fre-
quency; 1 = I st heart sound ; 2= second heart sound; 3 = third heart
<,otnd; MDM = mid-diastolic murmur ; OS = opening sounds of

prosthesis. The lowest tracing is the electrocardiogram.

totally incompetent. A 2.5 cm. Hammersmith-Melrose pros-

thesis was inserted after the diseased valve had been excised.
Tracheostomy was performed.

Immediately before the valve was excised the right ventri-
cular pressure was 50/10 mm. Hg, and the left atrial pressure
40/20 (mean 30) mm Hg. After the prosthesis was inserted
the left atrial pressure was 25/15 (mean 20), indicating a satis-

M.G. 17-11-64

TOTAL PROTEIN 7*7
ALBUMIN 4.6
GLOBULIN 3

FIG. 4.-Facsimiles

I6-2-65 18-2-65

60 6-7 q./IOOm.i
4 3 6
1.9 3

of serum clectrophoretic Dtrips pre- and post-
operatively.

factory fall in pressure. The patient progressed satisfactorily
on assisted respiration, and the opening click of the prosthesis
was audible, indicating adequate function. (Fig. 3).
However, by 16 February there were widespread pulmonary

rales and the patient was deeply jaundiced. She also suffered

melaena, and had generalized convulsions, possibly due to

hypokalaemic alkalosis. Investigations wtre: haemoglobin 10.3

g./100 ml.; serum bicarbonate 33 mNN; potassium 2.6 miN;
pH 7.463 ; Pco2 50.5 ; base excess + 10.7. Serial liver-function
tests are shown in the Table. The prothrombin times were

18 sec. and 20 sec. respectively. The pattern of the serum

protein electrophoretic strips suggested haemolysis (Fig. 4).
The jaundice was considered to be due to a low cardiac out-

put (owing partly to potassium deficit) and pigment overload
affecting an already damaged liver. Drs. Booth and Stewart
felt that the effects of the anaesthetic and of haemolysis might
be important and that the cardiac cirrhosis had probably been
present for some time.
A Gastrografin meal showed an acute gastric erosion.
Despite blood transfusions, potassium therapy, neomycin,

antiepileptic drugs and pressor agents the patient's blood
pressure fell, and she died in coma on 18 February.

Clinical Diagnosis

(1)
(2)
(3)
(4)
(5)
(6)

Rheumatic mitral and aortic incompetence.
Mitral valve replacement.
Cardiac cirrhosis.
Hypokalaemic alkalosis.
Potassium depletion.
Hepatic failure.

Post-mortem Findings

Dr. E. G. J. OLSEN: The body was that of a deeply jaundiced
thin young woman with a pigeon-chest deformity. There were

operation incisions partially healed but still secured by sutures.
A functioning tracheostomy was present. Permission for only a

limited necropsy had been granted-the brain was therefore not
examined.
The heart weighed 640 g. (normal for patient 285 g.). There

was a mild fibrinous pericarditis. All chambers of the heart
were dilated and hypertrophied. The left atrium was grossly
dilated; it measured 24 cm. in diameter. The interatrial
septum contained numerous plaques of calcification. The tri-
cuspid and pulmonary valves were normal. The aortic valve
(65 mm.) showed 2 mm. of commisural fusion between the
non-coronary and left-coronary valve cusps. The mitral valve
had been replaced by a Melrose-type valve prosthesis (Fig. 5).
It was well positioned with all sutures intact. Two small fibrin
thrombi were seen in relation to valve sutures. The site of the
bundle of His and its radiations was clear of the field of opera-
tion. Histology confirmed muscular hypertrophy (Fig. 6
There was no evidence of active rheumatic disease, but a few
perivascular, onion-shaped areas of fibrosis, suggestive of healed
Aschoff bodies, were found. The conducting tissue was normal.
Areas of muscle necrosis with neutrophil infiltration were seen

near the operation sites. No changes due to potassium defi-
ciency were seen.

The right lung weighed 1,020 g. It was grossly congested
and oedematous. The left lung weighed 630 g. It was injected
with radio-opaque material. X-rays showed zonal differentia-
tion with normal larger arteries and good peripheral filling in
the upper zone (Fig. 7). Histology showed congestion and
oedema. The muscular arteries of the lower zone showed
muscular hypertrophy (Fig. 8). Arterioles-normally devoid

of muscle fibres-showed a complete muscular coat down to
a level of 30 .tt (Fig. 9). These changes are diagnostic of
pulmonary hypertension.
The stomach showed numerous acute erosions. This was

confirmed histologically. Thinning of the muscularis mucosa

was also seen. The distal gastrointestinal tract contained

clotted blood. The liver weighed 1,520 g. A "nut neg "

BRITISH
MEDICAL JOURNAL

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.1.5542.743 on 25 M
arch 1967. D

ow
nloaded from

 

http://www.bmj.com/


25 March 1967 Clinicopathological Conference MEDICAL JOURNAL

~~~~~foot postero-an-
F_ ;: _= ~~~~~~~~~~~~~~teriorc h e s t _

radiograph show-
in g enormous
cardia silhou-
ette, due mainly
to an aneurys-
mal left atrium.
The right atrium
and pulmonary
arteries are also
enlarged and
there is inter-

sttal oedema at
the right base.

FIG. Ib.-Lateral
chest radiograph
showing aneurys-mal left atrium
and probable en-
largement Of
both ventricles

:Christian;:....::... m c b A e iaiandthe pulmon-
ary artery. The
exact size of thechambers cannot

.-V ~~be delineated
owing to the .)~~~magnitude of the

..............le triu

FIG. 5.-Mitral valve prosthesis seen in the floor of the left
atrium, which is greatly dilated and hypertrophied. The three
arms of the moving part of the prosthesis are demonstrated
and a small thrombus (dark) can be seen at the edge of the

fixed part of the prosthesis.

FIG. 6.-Section of left ventricle showing hypertrophy of
muscle fibres. Around the small artery in the centre of the
photograph there is a thick zone of fibrosis which may be the
result of past rheumatic carditis. (Elastic-van Gieson. >( 115.)

FIG. 7.-Post-mortem angiogram of left lung showing poorly
filled peripheral arteries in the lower zone. The intermediate
vessels in this zone are also narrowed. The upper zone is

normal.

FIG. 5

FIG. 7* FIG. 6
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FIG. 8.-Vascular pulmon-
ary arteries about 200
microns in external diameter
from the upper (a) and lower
(b) zones. Note in (b) the
thickened muscular coat
and intima and compare
with normal appearance in
(a). (Elastic-van Gieson.

(a) X265. (b) X350.)

(b)

FIG. 9.-Lower zone of lung showing thickened
muscular artery (top left) and arterioles (right).
The latter show a double layer of elastic due to
intervening muscle, which is normally absent in
vessels of this size (40 and 60 microns).

(Elastic-van Gieson. x 115.)

FIG. 10.-Section of liver showing severe centri-
lobular congestion (pale). (Masson trichrome.

x45.)
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MEDICAL JOURNAL

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.1.5542.743 on 25 M
arch 1967. D

ow
nloaded from

 

http://www.bmj.com/


25 March 1967 Clinicopathological Conference BRITISH
MEDICAL JOURNAL 745

pattern was seen with reversal of normal architecture. The
apparent centres were the periportal tracts, yellowish in colour.
Histology showed very extensive recent centrilobular necrosis
(Fig. 10) with little collapse of the reticulin pattern. A cuff of
liver cells showing fatty change abutted on to the necrotic
zone. Bile thrombi were present. There was no evidence of
regeneration. Some fibrosis linking the centres of lobules had
taken place. The changes appeared more severe than normally
seen in congestion of the liver.
The spleen weighed 230 g. It showed congestion.
The kidneys weighed 140 g. each and showed congestion.

Two old infarcts were seen near the lower pole of the left
kidney. Histology showed, in addition to congestion, isolated
small areas of hyaline droplet change in proximal tubules
referred to as "osmotic nephrosis," a non-specific appearance
due to a number of agents, notably sucrose.

Pathologist's Diagnosis

(1) Mitral valve replacement and aortic incompetence. No
active rheumatic carditis.

(2) Pulmonary congestion and oedema with evidence of
pulmonary hypertension.

(3) Chronic congestion of liver, and in addition severe recent
centrilobular necrosis.

(4) Old renal infarction. "Osmotic nephrosis" in some
proximal tubules. No specific changes due to potassium
deficiency.

(5) Acute gastric erosions.

Discussion

Professor H. BENTALL: The mitral valve itself was heavily
calcified and destroyed and grossly incompetent. Excision was
all that was possible and it was replaced by the prosthesis (Fig. 5).
The aortic incompetence was an embarrassment during the per-
fusion and may have contributed in part to her death, but we
can discuss that perhaps later. It was sufficiently embarrassing
to cause us to have a suction continuously present in the left
ventricle, and of course this removes part of the perfusion that
we hope is looking after the rest of the body. However, the
perfusion pressures at all times were satisfactory. The length
of operation was two hours on bypass-which is an average
time for this sort of lesion-and it passed without problem;
the heart restarted without difficulty and the pressures showed
a very satisfactory fall. The original V wave was 40 mm., and
the mean pressure fell to 20 mm. Perhaps 20 sounds
rather high for left atrial pressure, but at the end of the per-
fusion there is always a raised left ventricular end-diastolic
pressure, which is reflected in the left atrial pressure. She was
well the day after operation.

Professor GOODWIN: She was amazingly well the next day.
Could Dr. Hobbs comment on the electrophoretic patterns of
the serum proteins ?

Dr. J. R. HOBBS: Before operation serum electrophoresis
was perfectly within normal limits, with normal al- and a,-
globulins. After the operation the a,-globulin went up very
markedly, but the aglobulin did not go up with it. Normally
when a patient gets inflammation a,-globulin rises with a.
because the liver makes more a,-haptoglobins, which help to
bind and carry away the debris. The fact that this has not
happened in this patient suggests very strongly that intravascular
haemolysis is taking place, Free haemoglobin becomes bound
to the haptoglobins and these are removed faster than the liver
can replace them. This is fairly characteristic of intravascular
haemolysis. (Fig. 4).
E

Electrolyte Disturbances

Professor GOODWIN: There are a number of very important
matters to discuss in this patient, the two most important being
the question of the electrolyte disturbance and the liver disease.
Let us take the electrolyte disturbance first. It is now very
well known that the thiazide types of diuretics lead to chronic
potassium loss and that potassium supplements are now part of
the routine regimen; but it is now also known that potassium
chloride in many forms "explodes " in the stomach and is apt
to produce necrosis of the bowel mucosa. In an effort to get
over this and the unpleasant symptoms of taking potassium
chloride the alkaline mixture was introduced. It was not at
first realized, however, that these patients really need chloride
replacement, and if their potassium is replaced with an alkaline
salt this merely perpetuates an alkalosis, so that the potassium
which is put in simply pours out again. This patient illus-
trates the process very well. We were busily pouring in alkaline
potassium mixture, sometimes up to 6 or 8 g. a day, and yet
her serum potassium was persistently low. I am sure that her
total body potassium was also low, for Professor Bentall's team
have subsequently carried out estimations of total body potas-
sium. In conjunction with Professor Wooton's department
they investigated patients on chronic diuretic therapy with
alkaline potassium salt replacements and found alarmingly low
levels of total body potassium. This syndrome was really put on
the map by Kassirer et al.I We now know that it is essential
to give these patients potassium chloride, which can be safely
administered as wax-coated potassium chloride tablets or as a
potassium chloride mixture, I am fairly certain that this
patient's postoperative course was definitely made worse and
her condition jeopardized by chronic potassium deficiency. I
don't think we know whether this has anything to do with her
liver condition.

Professor BENTALL: The potassium estimation taken on the
morning of the operation under anaesthesia was 2.5 mN, which
is the lowest level reached; this emphasizes the fact that anaes-
thesia alone can affect the serum potassium levels.

Professor GOODWIN: Yes, that is a very good point. It is
now the practice to add potassium to the pump, is it not, even
in patients who you think have a reasonable total body potas-
sium because of potassium chloride replacements ?

Dr. C. C. BOOTH: Could I just ask one question ? I presume
the anaesthetic was halothane. Was it ?

Professor BENTALL: No, we don't use halothane-virtually
never. The anaesthetic was thiopentone 0.5 g. with gas and
oxygen.

Cardiac Jaundice

Dr. BooTH: Well, that disposes of one red herring very
effectively. This question of liver failure in relation to both
cardiac disease and pump surgery is an extremely interesting
one. The pathology here is quite characteristic, though, as Dr.
Olsen says, more severe than is seen in the usual patient with
chronic venous congestion. Thb're is centrizonal necrosis
around the area of the hepatic venous drainage, the last area
that the arterial blood reaching the liver has to pass through
before being drained away. Two theories have been suggested:
one that the liver lesion is due to anoxia and the other is that
it is due to back pressure. The next problem is the bile thrombi.
Bile thrombi have been repeatedly demonstrated in patients
with cardiac jaundice, and this has led to the suggestion that
heart failure can produce an obstructive type of jaundice owing
to obstruction of the biliary canaliculi. If that were so, a
raised alkaline phosphatase level would be expected, but this is
often not a feature of cardiac jaundice.
So far I've just talked about cardiac jaundice in general. We

now have to consider this particular patient. She developed
jaundice after pump surgery, and here the question is more
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difficult. I think that haemolysis due to the valvular prostheses
is very unlikely. But there may be haemolysis within the pump
itself, producing perhaps unusually tender cells within the cir-
culation which can add to the jaundice. The liver-function
tests showed a raised isocitricdehydrogenase. It has been pre-

viously shown, I think, by doing transaminase levels before and
after perfusion that there is a transient rise in hepatic trans-
aminase in any case, even without jaundice. I think that the
most likely explanation of the jaundice here was suggested by
Professor Bentall-inadequate perfusion of the liver.

Dr. M. BERRY: I should like to consider the alkalosis. I
would imagine that this patient must have had a fairly high
Pco2. In order to keep the pH more or less normal it would
have necessarily meant she had to have a high bicarbonate. I
suggest this may be part of the reason why the bicarbonate was

high.

Underperfusion

So far as the liver damage is concerned, I think this case

illustrates that now that the surgeons are capable of doing these
delicate operations damage to the heart itself has perhaps become
less of a problem than damage to other organs. For instance,
this patient had a blood urea of 196 on the fourth postoperative
day, so this must presumably reflect some damage to the
kidneys. I think that as the operations get longer and the
time on bypass gets longer it is almost certain that there will
be underperfusion of organs such as the liver and kidney,
because these organs are very sensitive to hypoxia. It is
puzzling that the bilirubin went up so very quickly. I feel this
must reflect haemolysis as well as liver damage. I would
imagine that for the bilirubin to rise so fast within two to three
days there must be abnormal haemolysis.

Dr. Boom: Professor Goodwin pointed out that 75% of
the bilirubin was conjugated.

Dr. BERRY: I noticed that, but I am not certain that " direct-
reacting" and "conjugated" are synonymous terms. There
is a possibility that with so much blood needed to prime the
pump there is going to be some sensitivity to these massive
transfusions no matter how well the matching is done.
Undoubtedly there is a lot more work to be done on adequate
perfusion of the splanchnic organs in cardiac operations.

Dr. MORAN CAMPBELL: The blood gas and acid-base changes
are difficult to interpret with certainty. She definitely had a

metabolic alkalosis due to potassium and chloride depletion, but
the raised Pco2 after operation is still difficult to interpret.
Superficially it could be attributed to a " compensatory " change
tending to restore the hydrogen ion concentration in the blood
towards normal. But I am unhappy to accept this conclusion
because such a change is in fact unusual. I think the elevated
Pco2 at this time is Probably due to respiratory failure-in
current jargon she had two primary but opposing disturbances:
metabolic alkalosis and respiratory acidosis. It would be inter-
esting to know the values before operation, because patients with
pulmonary congestion commonly overventilate.

Professor GOODWIN: I would absolutely agree with that. I
would not have expected the Pco2 to be elevated beforehand
at all. I would like to ask Professor Bentall to comment on
the points raised regarding perfusion.

Professor BENTALL: These patients are given the standard
perfusion rate, which is about 2.4 I./sq. m., which is the low
level of normal cardiac output. This serves perfectly well under
anaesthesia, but if there is also aortic incompetence-as this
patient had-there runs to waste an unmeasurable quantity of
blood. The surgeon is handling within the operative field
coronary sinus blood flow, bronchial artery blood flow, and also
whatever aortic leak there is; and it is this run-off which may
delude him into thinking the patient is getting a satisfactory

BRmsH
MEDICAL JOURNAL

total body perfusion because the arterial pressure is satisfactory.
In fact perhaps the actual perfusion rate is down to less than
2 1./sq. m. I don't think this patient was grossly under-
perfused, but a patient like this, as sick as this, requires every-

thing to be absolutely perfect. There is no margin for being in
any way substandard. There is no doubt at all that the correct

treatment for such a patient now, and this has been my experi-
ence, is to clamp off the aorta during such a period of time to

permit a more effective perfusion to the rest of the body,
supporting the heart with direct coronary perfusion.
With regard to Moran Campbell's point on the PcoV, the

figures quoted were at the institution of positive pressure venti-
lation, and in fact two days before she died the Pco2 was 39,
pH 7.44, and the bicarbonate 25.2. This shows that the
respiratory function was adequate two days before she died. The
urinary output has been commented on. The urine volume for
the first three days was remarkably good, 550 ml. the first day,
700 ml. the second, 770 ml. the third day. I think that the
urea output during this time was probably substandard, but
there was a reasonable output and we would not have expected
this patient to be in renal trouble had she survived.

Electrophoresis
Dr. OLSEN: May I ask Dr. Hobbs whether this is a typical

appearance on the strip after perfusion ? I mean, is this degree
of haemolysis usual ?

Dr. HOBBS: For three to six days after operations of this
magnitude with perfusion it is usual to see such a strip. When
haemoglobin release stops, usually within three to six days, the
a2-haptoglobins recover within three days. If the pattern per-

sists longer than this continued haemolysis can be inferred.
Dr. E. D. WILLIAMS: Is it possible that because the liver

was sick it wasn't making a2-globulin very well ?
Dr. HOBBS: That is of course possible. In this patient we

know the liver could maintain a normal albumin and a normal
a2-globulin before operation. Since death occurred only six
days after operation, we don't know whether haemolysis would
have continued or whether an inadequately perfused liver was
subsequently failing to cope with the bilirubin overload. In
some patients surviving longer the maintenance of a normal
albumin with the raised al- and reduced a2-globulin pattern
has been good evidence of continued mechanical haemolysis.

Professor GOODWIN: I wouldn't worry too much about the
high blood urea, because we have often seen this and it is not
uncommon to get much lower urine flows than this without
any pulmonary trouble at all. There is a lot of tissue break-
down, which in itself would cause a rise in blood urea.

Dr. BERRY: This is a sign that the liver is working and
making this urea. I am still not clear why she deteriorated
so rapidly. Can anyone answer that question ?

Isoenzymes

Dr. HOBBS: Dr. Norah Welbourn is now doing lactate
dehydrogenase isoenzymes estimations during perfusion. It is
usual for the heart and red cell (isoenzymes 1 and 2) pattern
to dominate, but if the liver isoenzyme (5) appears towards the
end of perfusion it frequently rises markedly thereafter, and
jaundice follows in most cases. Such observations may in fact
turn out to be quite a useful pointer to inadequate perfusion
of the liver, and using Wiemes's technique the answers are avail-
able within 30 minutes of sampling-i.e., while the operation
continues. This patient was not so screened, but on the day
before death, when the serum isocitricdehydrogenase was 30
i.u./l., the serum also contained 960 i.u./l. of lactate dehydro-
genase, predominantly of liver type 5. Both these enzymes can
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come from haemolysed red cells, but the lactate dehydrogenase
pattern would then be of the heart type (1 and 2). Thus we
can presume that liver failure was predominating over haemo-
lysis five days after the operation.

Professor BENTALL: With regard to the haemolysis of per-
fusion, let me emphasize that the process occurs in direct pro-
portion to the amount of cardiopulmonary suction-and here
I have said there was a great deal of suction coming back into
the heart owing to the aortic valve leakage. This is where the
blood destruction occurs in these patients. In fact the serum
was deeply jaundiced, and the staining and obvious visible
jaundice follows within a few days. In most patients with
moderate suction without any liver failure at all this is the end
of the matter. The patient becomes barely clinically jaundiced
before the serum corrects itself. But the state of this patient's
liver was such that this gross jaundice developed.

Dr. WILLIAMS: Perhaps there is something more than just
haemolysis in these patients, or in other words some degree of
hepatocellular damage. When this occurs don't you think there
should be careful consideration of whether there is any drug
which might be involved ? The drugs given have all been
listed, and I notice, for instance, that anticoagulants were used.
There have been some recent reports of phenindione producing
jaundice.2'

Professor GOODWIN: Yes, this is true.
Dr. WILLIAMS: I would like to ask Dr. Booth if he has

ever heard of warfarin being involved.
Dr. BooTH: No, I haven't.
Professor GOODWIN: I don't think warfarin does it; I think

the jaundice is confined to phenindione.
Dr. WILLIAMS: Patients with phenindione jaundice usually

have a light sensitivity picture as well, don't they ?
Professor GOODWIN: Yes, they may.
Dr. BOOTH: It is not usually jaundice alone, as it is with

chlorpromazine or the monoamine oxidase inhibitor type of
jaundice.

Professor GOODWIN: These patients are not often given
phenothiazines after operation. I don't think there were any
other drugs given to this patient which might be implicated.

Dr. BOOTH: It would be worth at this stage repeating Pro-
fessor Harrison's plea for hepatic biopsies,4 if we can call them
that, to be taken at death by house-physicians or house-surgeons
involved in this situation, since the liver autolyses so rapidly.

Indications for Surgery

Dr. J. P. D. MOUNSEY: Can I ask Professor Goodwin one
point in retrospect ? If he was looking at this case again and
trying to decide the best method of therapy would he feel that
the degree of tricuspid incompetence and the length of the
history of this lesion were any possible contraindication to
elaborate prosthetic valve surgery ?

Professor GOODWIN: No, I would not think that, but we
shall see what Professor Bentall thinks in a minute. I feel that,
meeting this patient again, the single most important thing
would be to give her potassium chloride and not alkaline
potassium. I don't think I would have felt any different about
the actual manceuvres. I don't think there was enough tri-
cuspid or aortic incompetence to influence matters.

Professor BENTALL: We would have a very good reason for
turning this patient down for surgery. One would have found
it very difficult to get the anaesthetists to accept her for a
herniorrhaphy-one discusses why these patients die without
asking oneself why they are alive. However, seen again today,
this was a young woman of 26 and I think we would try to
help her. We were aware of the risks the operation involved,
but she had no hope without surgery.
We are grateful to Professor J. P. Shillingford and Dr. E. D.

Williams for assistance in preparing this report, and to Mr. W.
Brackenbury for the photomicrographs.
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