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When the College was entrusted with the Goulstonian bequest
in 1635 it was asked to appoint a doctor to read a lecture "on
some dead body if possibly it can be procured whichl shall
then and there be dissected." All I have to add is that the
organ so dissected should be transplanted immediately.
What I have to tell you today is the result of a collaborative

effort between the Department of Surgery of the University of
Cambridge, led by Professor Roy Calne, and the Liver Unit of
King's College Hospital, London. Many colleagues have con-
tributed to the development of this work and to the care of
these patients. It is not possible to mention them all individ-
ually, but I must acknowledge my debt to certain members of
my own unit-namely, Adrian Eddleston, Iain Murray-Lyon,
Martin Smith, and Mark Rake-and to the various depart-
ments of both hospitals, particularly haematology and chemi-
cal pathology, who have given so generously of their time. At
the beginning of any discussion on liver transplantation one
should also pay tribute to Tom Starzl of Denver, who has
been such a pioneer in this field.
The reasons why Professor Calne and I decided to link our

units in this work were twofold. Firstly, we had complemen-
tary interests in transplantation surgery and in liver disease.
Secondly, the availability of donors in any one institution is
limited and we have never felt justified in moving a potential
donor from one hospital to another for the purpose of organ

transplantation; instead we moved the combined team and
recipient to the same hospital as the donor.

In this lecture I shall try to answer six questions.

1. Is Liver Transplantation Needed in Britain?
Published reports on the prognosis of certain forms of liver

disease which theoretically would be suitable for transplanta-
tion make gloomy reading. Primary hepatomas are in general
highly malignant tumours and most patients are dead within
four to six months of diagnosis (Lawrence et al., 1966; Nelson
et al., 1966). Though carcinomas arising from the bifurcation
of the hepatic duct grow more slowly and tend to metastasize
late they are, because of their site in the hilum of the liver,
rarely resectable. In some patients a tube can be passed
through the growth with relief of jaundice and with worth-
while survival for several years, but the average survivals in
the two largest series reported were 15-5 and 14-6 months
(Klatskin et al., 1965; Whelton et al., 1969). In only a quarter

of the children born with extrahepatic biliary atresia is it
possible to correct the anatomical defect (Cameron and Bun-
ton, 1960), the others usually die before the age of 3 years.

* Text of the Goulstonian Lecture given at the Royal College of Physi-
cians of London on 14 January 1970.

t Consultant Physician, King's College Hospital, London S.E.5, and
Director of Medical Research Council Group on Metabolism and
Haemodynamics of Liver Disease.

It is more difficult to generalize about the prognosis of
cirrhosis, for statistics from different countries vary because of
geographical differences in the type of cirrhosis found and
those from special units are fallacious because of selection by
patient referral. Stone et al. (1968), however, analysed the
course of 155 patients admitted with cirrhosis to a busy gen-
eral hospital in Birmingham during 1959-64. The calculated
five-year survival was only 14.3%, showing that cirrhosis has
an outlook worse than that of many forms of cancer. The
onset of ascites is an ominous sign and only 28-6% survive
more than eight months. In another series from two busy
general hospitals the mortality of the first episode of bleeding
from varices was 54%/, (Hislop et al., 1966).
Acute hepatic necrosis, whether due to fulminant hepatitis

or to drug toxicity, carries an appalling mortality. In the latest
account from the Fulminant Hepatic Failure Surveillance
Study (Trey et al., 1970) the mortality of the 284 patients who
went into coma was 82'S', with a figure of 96°% for those with
a halothane-induced hepatic necrosis. Though it has been
said that the liver can regenerate in these patients this seems
very doubtful when the histological picture at necropsy shows
almost complete destruction of the liver cells and only a few
surviving bile ducts. This is a disease which strikes at all ages,
and the patients have usually been in good health before its
onset. Fulminant hepatitis is probably not due to a greater
dose or virulence of the infecting virus but to a particular re-
action of that patient- possibly due to excess production of
antibody (Almeida and Waterson, 1969)-and the risk to those
involved in the transplant surgery should not be too great.
The number of patients who died of these conditions in

England and Wales during 1964 is shown in Table I, which
TABLE I.-Recorded Deaths in England and Wales During 1964 (from

Terblanche and Riddell, 1967)

Primary hepatoma . .
Primary biliary tract carcinoma
Cirrhosis
Acute hepatitis/yellow atrophy

No. of Deaths in
Subjects Aged
0-60 years

145
195
490
160

Total . 990

gives data abstracted by Terblanche and Riddell (1967) from
the Registrar General's Statistical Review for that year.
Not all of these patients would have been suitable for trans-
plantation. About a third of those with a primary hepatoma
will already have metastases by the time of diagnosis. In
others, where the growth is localized to one lobe, partial
hepatectomy is the preferred method of treatment. The figures
for primary biliary tract carcinoma include those arising from
the gall bladder and those at the lower end of the conmmon
bile duct for which transplantation would not be considered.
Similarly, the deaths from cirrhosis include those with alco-
holic cirrhosis (probably a third of the total), and these
patients are unlikely to be suitable candidates for transplanta-
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Transplantation of Liver-Williams
tion. I would estimate very approximately that the total
number that might be treated by liver transplantation per year
in this country is of the order of 500 patients. This represents
a sizable problem, particularly when we remember that, des-
pite the widespread acceptance of renal transplantation as an
acceptable form of treatment and numerous uiits that have
been set up, only about 200 transplants were done last year in
this country.

Heterotopic Transplantation
There are two types of liver transplants. In one

heterotopic transplantation-the donor liver is placed as an
auxiliary organ in the abdomen. A number of techniques have
been described (Starzl, 1969). In the one we have used the
donor liver is placed in the splenic bed after removal of the
spleen (Calne, 1969; Williams et al., 1969). The advantages of
a heterotopic approach are that the residual function of the
donor liver is retained, at least initially, and the difficulties of
the recipient hepatectomy are avoided. It is difficult, however,
to find room for an extra liver in the abdomen. Moreover, the
auxiliary organ appears to compete with the recipient's own
liver for some essential metabolite in the portal venous blood.
It has been shown in dogs and rats after auxiliary transplan-
tation that the organ which has first access to the portal blood
flow retains its functional and morphological integrity whereas
the other organ undergoes atrophy (Marchioro et al., 1967;
Lee and Edgington, 1968). In man the function of the recipi-
ent's own liver will already be severely impaired, but atrophy
of the graft may still occur, particularly if its function be-
comes impaired by episodes of rejection. Evidence of graft
atrophy was observed in a patient of Starzl's who survived for
34 davs after heterotopic transplantation (Starzl, 1969). It is,
of course, applicable only to non-malignant conditions, and
in cirrhosis, which would be the largest potential group, there
is a significant risk of a hepatoma developing-18-4% in the
Birmingham series (Stone et al., 1968).

Orthotopic Transplantation
For these and other reasons I believe that there is little

future in heterotopic grafts, and what I have to say from now
on is concerned with orthotopic transplantation. In this tech-
nique the graft is placed in the normal anatomical position
after removal of the diseased liver. Vascular anatomy is re-
constructed and the gall bladder of the donor anastomosed to
the common bile duct of the recipient.
So far we have treated 17 patients by an orthotopic trans-

plant; their diagnoses are given in Table II. Each of these

TABLE II.-Diagnoces in 17 Patients Treated by Orthotopic
Transplantation

Primary hepatoma . .
Carcinoma of hepatic duct . .
Cirrhosis with liver failure . .
Extrahepatic biliary atresia . .

MEDICAL JOURNAL

Our selection of patients has been rather different from
that of Starzl (1969). Of his first 25 patients, who were
operated on between 1 March 1963 and 11 February 1969, 12.
had extrahepatic biliary atresia and six a primary hepatoma
without underlying cirrhosis.

In assessing recipients for transplantation particular atten-
tion must be paid to screening for metastases and to the de-
tection and treatment of systemic or local infections. We have
taken 60 years as an upper age limit and a stable pre-illness
personality is essential. One important preoperative in-
vestigation is hepatic arteriography done via a catheter in-
serted percutaneously into the femoral artery. In the recipient
whose arteriogram is illustrated in Fig. 1 the right hepatic
artery rose from the superior mesenteric artery and the left
from the coeliac axis. Knowledge of such anatomical variation
is of considerable help to the surgeon.

No. of Patients
4
5
7
1

conditions has particular problems. In a primary hepatoma
the large size of the liver and the frequent vascular adhesions
make the recipient hepatectomy technically difficult. Previous
operations, particularly when they have involved the porta
hepatis as in cases of hepatic duct carcinoma, add to the sur-
gical difficulties. In cirrhosis, bleeding is the main problem,
due both to the portal hypertension and to the haemorrhagic
diathesis. The frequently associated metabolic disturbances
and renal failure are further hazards. Hepatic coma is not a
contraindication, and a previous portacaval anastomosis with
lowering of the portal pressure is undoubtedly a help.
In extrahepatic biliary atresia difficulties arise from the small
size of the vessels and the- frequently associated congenital
anomalies.

FIG. 1.-Anatomical variation in hepatic arterial supply of a patient
(Case A) who had an adenocarcinoma arising at the hepatic duct bifur-

cation.
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2. Is it Possible to Obtain a Viable Organ and yet
Safeguard the Interests of the Donor?

Unfortunately the liver is extremelv sensitive to warm
ischaemia and if left at body temperature without a
blood supply for more than 15 minutes serious damage will
occur. If such a liver is transplanted the recipient almost
inevitably develops within a few hours a severe haemorrhagic
diathesis resistant to all forms of therapy. Professor Calne
aims, therefore, to open the abdomen of the donor as soon as

death has occurred and then perfuses the liver with chilled
Hartmann's solution through a catheter placed in the superior
mesenteric vein. This is followed by a cold plasma/bicar-
bonate/dextrose mixture. The liver can then be kept in a
plastic bag immersed in a bowl of cold saline surrounded by
ice with little deterioration for two to five hours (Schalm,
1968; Calne and Williams, 1968; (Orr et al., 1969). This allows
sufficient time for the completion of the hepatectomy in the
recipient and for the final transplantation.
The most suitable donors are those with irreversible brain

damage who are on ventilators and in whom the decision has
been made by consultant staff independent of the transplant
team to cease resuscitation. Only when respiration and heart
beat have stopped does the operation on the donor start. In
assessing the suitability of a donor particular attention should
be paid to occurrence of periods of hypotension, for these will
have the same effect on the donor liver as prolonged warm

ischaemia after death. Systemic infection of the d6nor, car-

cinoma, or previous hepato-biliary disease are also absolute
bars. On general grounds organs from donors less than 50
years old are preferred, though liver function is relatively little
affected by age (Thompson and Williams, 1965), and
Peters, from Starzl's group who examined 30 patients
dying after the age of 50, found that the hepatic artery was

completely spared of atheroma in 80°,' (Starzl, 1969).

3. What are the Immediate Results ofTransplantation?
The removal of a diseased liver and the insertion of a graft

in a reasonable period of time requires the highest technical
skill, at which I can only wonder. During the operation, par-
ticularly during the anhepatic phase, serious metabolic dis-
turbances can arise, notably metabolic acidosis, hypoglycae-
mia, and hyperkalaemia as well as changes in coagulation, to
which I shall return later. These need to be corrected rapidly,
and adequate monitoring is essential.
Not surprisingly, for an operation of such magnitude

carried out in such sick patients, the operative mortality is
high. Seven of our 17 patients having an orthotopic transplant
died during the operation or within the ensuing six days from
a variety of technical and other complications. In one of these,
a patient early in the series, death was due to rejection. This
patient had cirrhosis following subacute hepatic necrosis and
was not given immunosuppressive therapy because of the
supposed risk of activating a presumed earlier infection with
the hepatitis virus, an error we will not make again.

In the other nine patients the immediate results were most
encouraging. This is well shown by the improvement in liver
function tests of a 40-year-old woman with complete biliary
obstruction due to a carcinoma of the hepatic duct. Before
transplantation her serum bilirubin had risen to 42 mg./100
ml. and the serum alkaline phosphatase to 159 K.A. units/100
ml. Within a week of transplantation both values had fallen tc
near normal limits.

E.E.G. Recordings

One of our patients was in deep hepatic coma with non-

reactive pupils at the time of transplantation. Corresponding
with this is the E.E.G. recording which showed high-voltage

BxrrsSn
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slow waves of delta frequency, many having the slow and
sharp wave form ("biphasic") which is rather characteristic of
severe hepatic coma (Fig. 2). The latter is regarded as of

2 3 456 6 7 89 1011 1618 20 22

FIG. 2.-E.E.G. readings in a patient with acute hepatic coma before
and 18 hours after orthotopic transplantation. Below the E.E.G. records
is the automatic print-out of the electronic waveform analyser giving
the summated voltage at each individual frequency (From Parkes et al.,

1970.)

serious prognostic import, and none of the other three patients
with acute hepatic failure and this type of E.E.G. abnormality
that we have seen during the past year have survived. On the
day after transplantation, however, the recording showed
considerable improvement with some normal alpha activity
present. He regained consciousness on the first postoperative
day and was talking on the second.

Conventional E.E.G. recordings are difficult to quantitate,
and assessment of changes from serial recordings is particu-
larly difficult. With an electronic waveform analyser, however
it is possible to determine the summated voltage at each indi-
vidual frequency of 2-33 cycles per second over a 10-second
recording period. This is automatically printed below the
E.E.G. tracings as shown in Fig. 2, the first deflection repre-

senting activity of the right hemisphere, the second that from
the left. The height of the deflection is directly proportional to
the summated voltage. It can be seen that in this patient
before transplantation most of the activity was at 2-3 cycles
per second, but on the following day peak activity had already
shifted to 6-7 cycles per second (Parkes et al., 1970).
From this automatic analysis print-out it is also possible to

calculate a single figure-the mean dominant frequency-
which gives an estimate of mean frequency in that recording.
It is particularly useful in illustrating changes over a period of
time, and I have used it in Fig. 3 to show the effect of
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FIG. 3.-Changes in mean dominant frequency in patient (Case B) with
chronic encephalopathy before and after transplantation.
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588 7 March 1970 Transplantation of Liver-Williams

transplantation on chronic encephalopathy in Case B, one of
our two long-term survivors. He had cirrhosis, and a porta-
caval anastomosis was done in 1964 because of bleeding
from varices. Subsequently he developed hepatic encephalo-
pathy and, despite a low-protein diet, neomycin, and lactu-
lose, his clinical condition and E.E.G. steadily deteriorated.

In 1968 a colonic exclusion with a caecorectal anastomosis
was performed. After this he improved clinically and the
mean dominant frequency became normal and remained so for
eight months. Then his condition deteriorated again and
during the period immediately before transplantation the
mean dominant frequency dropped to 5 cycles per second.
Immediately after transplantation there was a further fall, but
then a rapid rise on the fifth postoperative day to a near
normal level. On the eighth day- there was a reduction in
mean dominant frequency which corresponded to the onset of
a minor episode of rejection with transient confusion and rise
in serum enzymes but no change in serum bilirubin. By th-
seventeenth day he had a normal E.E.G. recording (Parkes et
al., 1970). During these first two weeks there was a corre-

spondingly rapid improvement in his mental state, his writing
became clearer, and the hepatic flap disappeared. We were

surprised at the rapidity and extent of recovery in a patient
with such severe and chronic encephalopathy in whom one

might have expected that some at least of the brain damage
was irreversible.

Antibody Changes
Other manifestations of cirrhosis are also reversed. The fall

in titre of the serum mitochondrial antibody in a patient with
primary biliary cirrhosis is shown in Fig. 4 (the measurements

One learns new things too. A 57-year-old man was found
at an exploratory laparotomy to have a primary hepatoma
with a large mass in the left lobe and secondary nodules in
the right lobe. For some reason best known to himself the
house-physician ordered a serum calcium estimation. This
was considerably raised at 17-6 mg./100 ml. and the serum
phosphate was low at 1-4 mg./100 ml. The patient did not
have metastases, and Dr. R. W. Buckle was able to show,
using an immunoassay technique, increased levels of para-
thyroid hormone in the plasma. After transplantation both the
serum calcium and the raised parathyroid hormone level fell
to normal (Fig. 5). At the time of surgery we were also able to
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FIG. 4.-Changes in serum mitochondrial antibody titre in a patient with
primary biliary cirrhosis treated by an orthotopic transplantation. (By

courtesy of Dr. Deborah Doniach.)

were kindly carried out by Dr. Deborah Doniach). The sig-
nificance of this antibody in the pathogenesis of primary bi-
liary cirrhosis, of which it is so characteristic, is uncertain, but
the fall in titre following removal of the diseased liver is of some
interest. Patients with primary biliary cirrhosis who have been
treated with prednisone or azathioprine have not shown a

similar fall in titre (Doniach, personal communication). There
was, however, a fall in rubella antibody titre in our patient
(kindly carried out by Drs. D. S. Dane and C. H. Cameron),
and the further studies of serum antibodies following trans-
plantation are needed.

FIG. 5.-Effect of transplantation on the hypercalcaemia and increased
plasma parathyroid hormone level of a patient with a primary hepatoma

producing parathyroid hormone. (From Knill-Jones et al., 1970.)

demonstrate higher concentrations of parathyroid hormone in
the hepatic vein (0-54 ng./ml.) that in either the portal vein or
hepatic artery (0.20 and 0-39 ng./ml. respectively). Further-
more, an extraction of the tumour but not of the normal liver
tissue showed significant parathyroid hormone activity
(Knill-Jones et al., 1970).
Primary hepatic tumours, like tumours of other non-

endocrine organs are capable of synthesizing metabolically
active hormones or hormone-like substances. Precocious
puberty in children with a primary hepatoma due to produc-
tion of chorionic gonadotrophin and erythrocytosis in adults
with an increased erythropoeitin level in the blood, have been
described. There are also a few cases reported in the literature
of primary hepatomas with unexplained hypercalcaemia
(Knill-Jones et al., 1970), but this is the first documented
instance in which such a tumour has been shown to be acti-
vely secreting a parathyroid-hormone-like polypeptide into
the circulation.

Coagulation Disturbances
Changes in coagulation after liver transplantation are a

subject on their own. During the operation, particularly dur-
ing the anhepatic phase, blood coagulation may be seriously
disturbed with a fall in plasma fibrinogen and in other clot-
ting factors produced by the liver. In addition, there is often
evidence of intravascular coagulation and of a secondary
fibrinolysis (Von Kaulla et al., 1966; Flute et al., 1969; Pechet
et al., 1969). Replacement therapy with fresh blood, fresh frozen
plasma, or fibrinogen is usually needed, but only occasionally
is the secondary fibrinolysis severe enough to require an

antifibrinolytic agent such as tranexamic acid. Indeed, the use of
such agents has been followed by a hypercoagulable state with
thrombosis of the vessels supplying the graft 'Starzl, 1969). If
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7 March 1970 Transplantation of Liver-Williams

the diseased liver can be rapidly replaced by a donor organ
not significantly damaged by ischaemia the situation rapidly
improves and bleeding ceases to be a major problem.

In one patient the prothrombin time, which is a good
measure of the synthetic capacity of the liver, was normal
during the first month after transplantation except on two
occasions (Fig. 6). What is found during the early weeks after
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FIG 6.--Changes in coagulation profile following transplantation in Case
B-a long-term survivor.

transplantation is continuing evidence of intravascular coag-
ulation. This can be confirmed by measurements of the plas-
ma clearance of injected radioactive fibrinogen. The t' is
shortened, indicating an increased catabolic rate consistent
with loss of fibrinogen in small intravascular thrombi. This
process also accounts for the low plasminogen level, since
there is an accompanying increase in fibrinolysis. The intra-
vascular coagulation is probably initiated by damage to the
cells or vessels in the graft due either to the initial immune
response or to the continuing effects of ischaemic damage.
Only occasionally is the intravascular coagulation severe

enough to need heparin therapy, and with time, as shown in
this patient, the fibrinogen t, returns towards normal.

Intravascular coagulation may also account for the fall in
platelet count which is often observed during the first few
days after transplantation. Another factor which may con-
tribute to the thrombocytopenia, and which has been found in

canine liver transplants examined by electron microscopy, is
sequestration of platelets in the perisinusoidal spaces within
the graft presumably as a result of damage to the sinusoidal
wall (Hutchison et al., 1968).

4. What are the Overall Results?
The overall results in our 17 patients who have had an

orthotopic transplant are given in Table III. The deaths

TABLE III.-Overall Restults in the 17 Patients Treated by an Orthotopic
Transplantation

17 died within 6 days
Died without leaving hospital 10

3 died in 3rd to 8th week

Discharged home well . 5
{3 died in 3rd to 5th month

1x2 alive and well in I0th and lIth month

Done recently 2 (alite and well in 1st and 3rd weeks)

during the postoperative period I have already discussed.
Three others did not leave hospital and died between the
third and the eighth week from infection. Five patients were

discharged home feeling well, fully ambulant, and with ex-
cellent liver function. Two of these died of infection at three
months and one at four and a half months. The remaining
two were alive and well in the tenth and eleventh months
after transplantation and the third and fourth survivors,
operated on early in January were also doing well.

I know you will be interested to hear of Starzl's overall
results. Analysis of the first 25 cases operated on between
March 1963 and February 1969 gave a one-year survival rate
of 22,/,. If the seven patients done before July 1967 are ex-
cluded-and this seems reasonable since at that time the
hazards of ischaemic injury to the donor liver had not been
fully realized and all the patients died in the immediate post-
operative period-the one year survival fiigure becomes
33o1,. At a transplant meeting in November we heard that one
of Starzl's four survivors at that time, a 3-year-old boy with
biliary atresia, was then in the twenty-first month after
transplantation.
Here are a few details about our two long-term survivors.

One of them (Case B), a man of 56 who developed chronic
hepatic encephalopathy following a portacaval shunt, I have
already referred to. Despite all treatment he was deteriorating
rapidly and when the liver was sectioned after removal mul-
tiple nodules of a hepatoma were found. He was discharged
from hospital, and now in the tenth month after transplantation
is able to live a normal life and to take a normal diet for the
first time for five years. The other patient (Case C), a woman of
44 who had a primary hepatoma, was well 11 months after
transplantation. She was able to look after her children, do her
housework and shopping, and has been away on holiday. The
donor for this patient was a 4-year-old chi1d, the victim of a
road accident, but the functional capacity of that liver was
always adequate even immcdiately after transplantation. In
both patients recent liver biopsies have shown virtually normai
histological appearances. The excellent synthetic capacity of
the grafts in these patients is shown by measurements of the
albuminn synthesis rate carried out in conjunction with Dr.
A. S. McFarlane, using the 14C carbonate method (McFarlane,
1963). For Cases B and C the values in g./day were 29-6 and
17 6 respectively, the normal range being 13 6-24-0.

Occurrence of Infection
Infection has been a problem at one time or another in

most of our patients. In the six dying after the first week it
was the major factor responsible for death. The sites of in-
fection and predisposing factors are given in Table IV. The

TABLE IV. Predisposing Factors of Major Infections Which Led to
Death of 6 Patients

No. of
Cases

Fungal meningitis
Biliary and Abdominal

sepsis .

Chest infections

P-redl-.psios.g Factots

I Chronic rejection. Heavy lmmunsrouppresisor.
3 Previous surgery or chernotherapy. Bilba;y fistula
2 Broad-spectrum antibictics. InflAurtza A infe.tiori

patient who died at four and a half months was the only one

in the series to have developed chronic rejection, and his
fungal meningitis can be regarded as a direct consequence of
the heavy immunosuppression with which he was treated. In
two of the three patients who developed major intra-
abdominal sepsis the biliary anastomosis had separated with
development of a biliary fistula. On one of these a pocket of
pus had been found in the hilum of the liver at the site of a

previous operation. In another, widespread thrush and leuco-
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penia before transplantation had resulted from chlorambucil
therapy. The development of a biliary fistula is a serious
complication, for it then becomes extremely difficult to eradi-
cate infection. The method of biliary drainage currently
favoured by Professor Calne of a cholecyst-dochostomy with
preservation of the sphincter of Oddi has been the most satis-
factory one used to date (Calne, 1969).

Chest infections were the cause of death in two patients. In
one, viral pneumonia had developed following infection with
influenza A virus, which had affected other patients in the
ward. The other patient was well at home when after an
apparently trivial upper respiratory infection he developed
fulminant pneumonia which at necropsy proved to be due to
Aspergillus fumigatus.

Serious infection in these patients need not necessarily be
accompanied by symptoms, and in one of our patients who
was clinically well an unexpected lung abscess was found on a
routine chest radiograph. These patients need careful sur-
veillance during the early weeks and months after transplan-
tation, and any infection must be regarded as potentially
serious. Our policy, in contrast to Starzl's (Brettschneider et
al., 1968b; Fulginiti et al., 1968), is to use antibiotics sparingly
and never prophylactically, and to rely on narrow-spectrum
drugs wherever possible (Murray-Lyon et al., 1970).
In one patient already mentioned an influenzal infection

appeared to initiate the final pneumonia in which Candida
was a predominant organism, but the significance of other
viral infections in these patients is less certain. Cytomegalo-
virus infection could be of importance following liver trans-
plantation, for it can lead to a hepatitis (Toghill et al.,
1967). We were able to show a significant rise in the titre of
serum antibody in five patients after transplantation, but in
none was there evidence, either during life or at necropsy, that
cytomegalovirus was causing significant damage to the liver or
to other organs (Murray-Lyon et al., 1970).

5. Is Rejection a Major Problem?
Early episodes of jaundice due to rejection and starting

about the sixth to eighth postoperative day have been observed
in a number of our patients (Williams et al., 1969). In a typical
episode there is a rise in both serum bilirubin and trans-
aminase. They can usually be controlled by temporarily in-
creasing the dose of prednisone and are not necessarily of
serious consequence.
Percutaneous liver biopsies done at this time have shown

changes consistent with rejection (Williams et al., 1969).
Characteristically there is centrilobular cholestasis, spotty
necrosis of hepatocytes manifest by the presence of acidophilic
bodies, and a pleomorphic cellular infiltrate of both portal
tracts and sinusoids. Large cells of the lymphoid series with
pyroninophilic cytoplasm and others with the appearance of
plasma cells comprise most of the infiltrate.
One patient, already mentioned, developed a relentless

cholestatic jaundice which we attributed to chronic rejection.
This started in the third month after an early episode of
jaundice had been controlled. The histological picture at
necropsy showed pronounced fibrosis, both periportally and
around central veins, with septum formation but no nodule
formation. Dense centrilobular cholestasis was present.
Branches of the hepatic artery had macroscopically thickened
walls. On microscopical examination foamy macrophages
containing lipid were seen internal to the inner elastic lamina
with cellular fibrous tissue just beneath the intima (Williams
et al., 1969).
In two of Starzl's long-term survivors there was histo-

logical evidence of cirrhosis with bands of fibrous tissue
subdividing the lobules and small regeneration nodules (K. A.
Porter, quoted by Starzl, 1969). One had died at 133 days
from septic liver infarction, and in the other the liver had

ver-Wiffiams Ban=

been removed at 107 days because of chronic rejection, the
patient having a second transplant performed.
Our immunosuppressive therapy with reliance on prednisone

and azathioprine in doses up to 125 mg. per day differs from
that of Starzl. He uses much smaller doses of azathioprine to
avoid any possible hepatotoxic effect and gives antilympho-
cytic serum by daily intramuscular injection for the first
month and by thrice-weekly injection thereafter (Starzl,
1969; Starzl et al., 1969). We have not used antilymphocytic
serum routinely. It appeared to be of value in controlling an
acute episode of rejection in one of the patients, but, as
Starzl has emphasized, many rejection episodes in the liver
terminate spontaneously without change in immunosuppressive
therapy.

Although rejection both of the acute and of the chronic
variety does occur in man there is evidence (reviewed by
Starzl, 1969) that the rejection of the liver may not be as
severe as rejection of the kidney or of other organs. This is
certainly so in some animals. In the pig, rejection of the liver
is a very slow and mild process, and pigs can survive after
orthotopic transplants for long periods without immunosup-
pressive therapy. Indeed transplantation of the liver protects
against rejection of kidney or skin or heart grafts done
simultaneously (Calne et al., 1969). In the dog, rejection is more
pronounced than in the pig, but in abouL a third of the ani-
mals immunosuppressive therapy can be stopped after four
months with subsequent prolonged survival; two dogs in
Starzl's series were alive at five years.

Diagnosis of Rejection
A rapid and specific test of rejection would be of consider-

able help in the management of these patients, for jaundice
may be due to azathioprine hepatotoxicity, and extrahepatic
obstruction or serum hepatitis can also cause difficulties in
differential diagnosis.

Rejection of a graft is mediated initially by sensitized lym-
phocytes, and recently we have shown that the migration of
the patient's peripheral blood leucocytes when placed in a
tissue culture chamber and exposed to a specific antigen can
be used as an in-vitro test of rejection (Eddleston et al.,
1969; Smith et al., 1969). The leucocytes are placed in capillary
tubes, one end of which is left open to allow the cells to
migrate out into the tissue culture medium (Fig. 7). The two

FIG. 7.-Migration of peripheral blood leucocytes in tissue-culture
chambers.
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Transplantation of Liver-Williams

tubes in each chamber are for duplicate estimations. In the
test chamber the medium contains a measured quantity of
antigen which is derived either from fetal liver homogenate or

from the white cells of the donor from whom the liver was
obtained. After incubation at 370C. for 20 hours the areas of
migration are measured. The leucocyte migration test has
been studied extensively by SOborg and Bendixen (1967), and
it has been shown that, at any one concentration of antigen,
stimulation of migration indicates weak sensitization and in-
hibition indicates strong sensitization to that antigen (S)6borg,
1 969Y* uouv

The changes in migration index in rela
in Case C-the 44-year-old housewife-

Serum
alanine
amino-

transferase
u./ COoml.

Plasma
bilirubin

mg./ lOOmI

Migration
index

FIG. 8.-Changes in migration index and live.
long-term survivor. (From Eddleston
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TABLE V.-Levels of Immunosuppressive Activity in Serum After Oral
Administration of Azathioprine to 3 Patients With a Liver Transplant

(from C. Mitchell, unpublished)

Case Serum Bilirubin Azathioprine
(mg./100 ml.)_ (mg.)

C.. 08 125
B.. 3.5 125

D. 12 3 25
Control serum

Serum Immunosuppressive
Activity 1 Hour Later

(Titre)

1/128
1/64
1/4

1/2-1/4

bilirubin was normal. The titre was less in Case B, when his

-tion to wlver function serum bilirubin was slightly raised, but it was still within the

-are shown in Fig. 8. range found in normal subjects given an equivalent body-

weight dose of azathioprine (Bach and Dardenne, 1970). In
Case D, however, a 3-year-old boy with an auxiliary

graft who had a higher serum bilirubin, there was no signifi-
cant immunosuppressive activity in the serum, the titre being
the same as that of control serum.

Bach and Dardenne (1970) stress that the exact metabolite
responsible for the immunosuppressive activity of azathioprine
is not known, though its formation is clearly dependent on

adequate liver function. There is also some evidence to sug-
gest that the metabolite responsible for the toxic effect of
azathioprine on the marrow is different from that responsible
for immunosuppressive activiry. Thus we are in a situation
where continuation of azathioprine in a patient with impaired
liver function due to rejection will expose him to all the haz-
ards of this therapy with none of its benefits. This would be

150 200 250 in accord with our own clinical observations and those of
Starzl that azathioprine appears to be of little value in either
acute or chronic episodes of rejection once they have devel-

function in Case C-a oped.
et al., 1970.)

On the eighth day after transplantation there was a sharp rise
in the serum bilirubin and in the transaminases. This deteri-
oration had been preceded by changes in the migration index,
with stimulation of migration on the fifth day and pronounced
inhibition on the seventh day. With a short course of an in-
creased prednisone dose the migration index, serum bilirubin
and transaminase returned to normal. She was discharged
home on the thirtieth day, and since then there have been
three short episodes in which the test has shown inhibition of
migration with little if any change in the liver function tests.
It is possible that the transplanted organ is protected from
immune attack by the development of some degree of graft
adaptation as has been described for renal transplants in dogs
(Murray et al., 1964). The dose of prednisone has been
gradually reduced to 10 mg. daily and she was also receiving
azathioprine 100 mg. daily. More recently, in the ninth month
after transplantation, the patient was admitted unwell with an

increase in serum transaminase and in serum alkaline phos-
phatase. There was no change in the migration index and she
was treated with ampicillin as a case of cholangitis, with rapid
clinical and biochemical improvement.

Assay of Serum Immunosuppressive Activity
One other in-vitro test may be of practical help in the

management of these patients. Bach et al. (1969) from Paris has
shown that it is possible to assay the immunosuppressive
activity attained in the serum of patients on azathioprine. This
is done by determining the ability of such serum to inhibit the
.spontaneous formation of rosettes which occurs when mouse

lymphocytes are incubated with sheep red cells at 37°C.
Immunosuppressive activity is expressed as a titre-the highest
dilution of the serum which will produce at least 25% inhibi-
tion of spontaneous rosette formation.
As shown in Table V we found a high titre in Case C one

hour after an oral dose of 125 mg. at a time when her serum

Tissue Compatibility

Current methods of tissue typing depend on determining
the reaction of peripheral blood lymphocytes from the donor
and recipient with a series of specific antisera known to react
with different histocompatibility antigens which are present in
the lymphocytes as well as in the organs concerned. When the
recipient's and donor's lymphocytes react in the same way
there is said to be conformity-a grade A match according to
Terasaki. If an antigen is found in the recipient but not in the
donor there is said to be a minor mismatch or a grade B
match. The reverse, with an antigen in the donor but not in
the recipient and which is believed to be more serious, is
termed a major mismatch. One major mismatch is a grade C,
and two or more mismatches a grade D match in the Terasaki
classification.

It is difficult to evaluate the exact relation between tissue
typing, the occurrence of rejection, and long-term survival
following liver transplantation. Many of Starzl's long-term
survivors have died of metastases, and his immunosuppressive
regimen has changed considerably, but in his series as a whole
there would appear to be little correlation (Starzl, 1969). One
long-term survivor at 254 days and with normal liver func-
tion had a D match with three major mismatches. Another
patient in his series who had a grade A match, with complete
conformity of all nine antigen groups tested, developed an
irreversible rejection within two weeks which necessitated
retransplantation 68 days after the first operation.
As shown in Table VI one of our patients who survived

TABLE VI.-Tissue-typing Results in the Patient Dying at 4I Months
and the Two Long-term Suirvivors (for typing methods see 7oysey, 1969)

Case Course

E Died, 4A months
B Alive, 10 months
C Alive, 11 months

Rejection

Chronic
Minimal
Minimal

Major Terasaki
Mismatches Grade

HLA1, HLA7, 4b D
HLA7 C

4a, ? HLA5 C
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Transplantation of Liver-Williams

four and half months and developed chronic rejection had
three major mismatches. The other two, who are in the tenth

and eleventh months after transplantation and with virtually
normal liver function and histology, had a C match. In a
series of patients after kidney transplant in whom

cross-matching was done with the same antisera, there was a

significant correlation between the results of tissue typing and
the subsequent clinical status of the patient. Those with two

or fewer major mismatches, like our two long-surviving liver

transplants, fared significantly better than those with three or

more (Batchelor and Joysey, 1969).

To achieve a close match it is necessary to have a large pool
of recipients, and there is no machine like the artificial kidney,
which will keep patients with advanced liver failure alive until

such times as a donor with the correct tissue type becomes

available.

6. What Can we Hope for in the Immediate Future?

I stress immediate because I am not going to allow myself
to wander into the transplanter's heaven of organ banks, spe-
cific immunosuppressive agents, or the use of heterografts
with selective animal breeding. All these may come in time,
but there is much more we can do now with our present
knowledge and facilities.

Choice of Recipient

I do not believe that this will be very different in the next

few years than now. All five patients in Starzl's series with

malignant hepatic disease, and who lived long enough to per-
mit meaningful observations after what was thought to be

complete excision of the neoplasm, developed widespread re-

currences. In two of our patients who died soon after the

operation microscopical growth was found in remaining lymph
nodes and immunosuppression may well cause a more rapid
proliferation of the neoplastic tissue left behind than would
otherwise have occurred. Nevertheless, our two long-term
survivors show that worth-while survival can be obtained. As
in other types of malignant disease, it is the chance of a cure
or of worth-while palliation which is the justification for
major surgery.

Improved Organ Preservation

There should be no shortage of donors. In 1964 according
to Terblanche and Riddell (1967) there were 3,613 patients
dying under the age of 45 'years from head injuries,
subarachnoid haemorrhage, or primary brain tumours. Of
course, only some of these were on ventilators, and the de-
velopment of a successful technique for liver preservation
would make transplantation so much easier. The operation on
the recipient would not have to be tied so closely in time to
the removal of the donor organ, which would remove much
of the emotional impact of present-day transplantation. The
only preservation unit which has had any measure of success
is that described by Brettschneider et al., (1968a), which em-
ployed a combination of hypothermia, hyperbaric oxygen, and
perfusion of the liver with diluted human blood. Preservation
for periods of seven to eight hours, with subsequent successful
transplantation into patients and satisfactory immediate
function of the graft was demonstrated, but all attempts to
preserve human or animal livers for longer periods of time
have failed. The demonstration of an adequate excretory

function of a liver with production of bile while on a machine
is no indication of its synthetic capacity and ability to support

life.
Cadaver perfusion is a technique which may enable donors

not on ventilators to be used. When death occurs cannulas are

BRJTISI.IEDICAL JOURNAL

immediately inserted into the inferior vena cava and aorta via
the femoral vessels and the whole body is cooled by the cir-
culation of a cold perfusing solution, a pump-oxygenator
system being used. Experimental studies in the dog and some
results in man suggest that the liver can be preserved for six
to eight hours in this way (Marchioro et al., 1963; Mikaeloff et
al., 1965; Starzl, 1969).

Change in Law and Attitude of Medical Profession
An organ removed shortly after death and transplanted

rapidly into a recipient is almost certainly likely to provide the
best liver function and chance for the recipient. In many
transplant centres in the U.S.A. and in Europe it has been
accepted that evidence of established brain death can be used
as the sole criterion of death of the patient, and organs are

removed while the circulation continues. Starzl (1969) writes:
"Initially the fear that the quality of terminal care provided
for the donors might be thereby lessened caused us to speak
out against the pronouncement of death in the presence of a

heartbeat. Our later experience has convinced us that such
anxieties were unfounded." This may well be accepted in
Britain in time. Difficulties of course arise in defining brain
death, though this is not such a problem in cases of trauma
where the extent of the brain injury can be more easily as-
sessed. Nevertheless we have shown in our series that the
liver, which of all organs is the one most sensitive to ischae-
mia, can be obtained in a satisfactory condition when removed
after traditional death with cessation of circulation and of
spontaneous respiration. There needs to be no change in the
care of the donor, and transplantation can be carried out
entirely within the confines of long-established medical
practice.
Why is it, therefore, that the organs of patients dying in

hospital are not being made available for the purposes of
transplantation? A change in the law would certainly help.
According to the Human Tissue Act of 1961, unless the donor
in his lifetime had clearly expressed his wish to be an organ
donor after death it is necessary to obtain permission from
the relatives. Particularly in cases of road accidents it is often
not possible to trace relatives in the short time available before
irreversible ischaemic damage to the organ has occurred. Even
if the relatives can be traced it seems wrong to have to approach
them at moments of such grief. Lord Kilbrandon has
suggested that the law be changed so that any designated
hospital would be lawfully entitled to remove from a dead
person any organ required for medical purposes unless the
hospital authorities had reason to believe that the deceased
had in his lifetime forbidden this to be done (Davies, 1969).
Such a scheme of "contracting out" should adequately protect
people's wishes. In this age of the computer it should not be
difficult to devise an effective central register where such
objections could be recorded and from which the information
could be made available in the event of the person's death.
The major reason why progress in transplantation is so slow

at present is I believe, related to the current conflict within
the medical profession-conflict based, I hesitate to say, on
part emotion and part ignorance regarding the aims and
practice of transplantation in addition to true concern for the
donor. Not surprisingly there is public disquiet, but how can
we expect the Press to behave and the public to understand
when the profession has failed to give a clear lead.

I can think of no better way of finishing than to quote from
an address of Sir Peter Medawar (1968), who has done so
much to make transplantation possible in man. He said: "I
sometimes think there is an almost wilful misunderstanding
of the benefits that transplantation may bring with it.
Plaintive and despondent voices tell us that the effort
expended upon these heroic surgical procedures is out of all
proportion to the numbers that can benefit from it.... This is
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an unjust criticism. All great advances in medicine must
nowadays start with a great capital investment of time and
manpower and energy. . .If we thwart or discourage research
on transplantation today we are deliberately willing away part
of the medical heritage of the future."
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Primary Immunization of Rh-negative Volunteers
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Summary: To determine the best method for the
production of high-titre anti-D serum primary im-

munization was carried out in two groups of Rh-negative
male volunteers with washed group 0 R2R2 cells. The first
group of six men were given 5 ml. of packed cells, and the
second group of five men were given 0-5 ml. of packed
cells, in each instance by intravenous injection. Only one
individual in each group failed to develop anti-D
following the primary inoculation, and it has been con-
cluded that 0.5 ml. of packed R2R2 cells is probably a
satisfactory dose for this purpose.
There was a delay of several weeks before anti-D could

be shown to have developed. The initial antibodies which
appeared in the serum comprised 7S yG immunoglobulins,
with, in about half the cases, a minor 19S yM component.

Introduction

It is now well established that the administration of anti-D
immunoglobulin to mothers at delivery will effectively prevent
their immunization to the Rh(D) antigen (Clarke, 1968). Use
of anti-D immunoglobulin in this way will in the future lead

*Consultant in Charge, Transfusion Centre, Lancaster.
tDirector, Regional Transfusion Service, Manchester.
tChief Technician, Transfusion Centre, Lancaster.
SResearch Assistant, Regional Transfusion Centre, Manchester.

inevitably to a steady reduction in the number of women whose
sera contain anti-D of sufficient strength either to produce the
immunoglobulin or for use as typing serum. Thus the most
important source of anti-D for both these purposes at the
present time will be gradually eliminated.
There will exist for a considerable period of time a certain

number of women whose sera contain a weakly reaoting anti-D,
the titre of which can be increased by the administration of
Rh(D)-positive cells. It was, however, thought to be important
to start a programme of investigations to determine the most
successful method for the immunization of Rh-negative male
volunteers with Rh(D)-positive cells, in order to produce anti-
D of high titre. By this means large quantities of anti-D
immunoglobulin and typing serum could be obtained by
carrying out plasmapheresis on relatively few immunized
donors.
The initial results of the immunization of 11 Rh-negative

male volunteers with Rh(D)-positive. cells are described below.

Materials and Methods

Selection of the Immunizing Donor
It was decided to use group 0 R,R, red cells because, in

general, the D antigen of these cells is more strongly reactive
than that of cells with other Rh genotypes (Renton and Han-
cock, 1956). A 59-year-old male donor was selected. He had
donated blood regularly since 1948 on 27 occasions. The

 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.1.5696.585 on 7 M
arch 1970. D

ow
nloaded from

 

http://www.bmj.com/

