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Liver transplantation

Recent advances in renal transplantation permit excellent therapy in many
patients and surgeons are now turning to the possibility of transplantation
of other organs.
The clinical need for liver transplantation in man is difficult to assess

and it varies in different parts of the world. In the United Kingdom fatal
liver disease accounts for perhaps 200 to 300 cases under the age of 50 each
year in a population of 50 million, and represents 10% of deaths from
irreversible renal disease. The incidence increases rapidly after the fifth
decade.' Fatal liver disease, however, is far commoner in certain other
countries, particularly the Far East, where carcinoma of the liver is one of
the main malignant causes of death. There are two categories of fatal liver
disease in which transplantation can be considered, namely, progressive
liver disease with cirrhosis and often portal hypertension and primary
malignant tumours of the liver. This excludes a very large number of cases
with secondary carcinomatous deposits of the liver.
Both types of liver disease occur in adults and children and represent

different problems from the point of view of liver transplantation. The
prognosis of chronic progressive liver disease is exceedingly difficult to assess.
Well compensated cirrhotics may be able to live a reasonable existence for
many years, but they are liable to sudden catastrophic haemorrhage and
porto-systemic encephalopathy. If the cirrhosis is due to alcohol then
variation in alcohol intake can alter the prognosis even when the disease is
well advanced. In contrast malignant disease of the liver usually progresses
inexorably and rapidly to a fatal outcome.
The liver may be transplanted orthotopically, that is to the normal

anatomical site of the liver. This operation obviously requires preliminary
hepatectomy of the recipient before transplantation. Alternatively, an
additional liver can be inserted-'auxiliary' or 'heterotopic' transplantation.
With a vital unpaired organ like the liver the only possible source of

donors at the present time is human cadavers. Partial transplantation of the
liver from a live volunteer donor is not considered to be surgically feasible
since the risks involved to the donor would be excessive and the chances of
obtaining a satisfactory surgical result in the recipient are poor. Live animal
donors would be an ideal solution, removing all the difficulties of liver
preservation and the problems involved in procuring organs from cadavers.
It seems likely, however, that much research is still required before liver
heterografts will be a clinical possibility.
One of the greatest difficulties with liver transplantation, in contrast to

renal transplantation, is the lack of comparable supportive measures for a
patient with little or no hepatic function. Although exchange transfusion,
ex-vivo perfusion through an animal or cadaver liver, or cross-circulation
may provide temporary improvement, these three methods are all limited.
The benefits they can offer are far inferior to those produced by recurrent
haemodialysis in kidney disease. It is therefore attractive to consider
auxiliary liver transplantation, since the patient's own residual liver function,
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263Liver transplantation

however small, may be of value in tiding him over the critical phase before
and after the transplant operation. In practice, however, this advantage may
not be worth while. Certainly for malignant disease of the liver, hepatectomy
will be necessary, but even in benign varieties of liver disease, it may be
extremely difficult to house a transplanted liver adequately within the
abdomen, even if a splenectomy is performed. There may also be serious
technical problems in providing the liver with arterial and portal blood,
both of which are necessary for satisfactory hepatic function.
Most experimental liver transplantation has been carried out in the dog.

Painstaking work by Moore and his colleagues2 showed that to perform an
orthotopic liver transplantation in the dog, it was necessary whilst the
animal was anhepatic, to shunt blood from the inferior caval and portal
systems to the superior caval system. The extensive work of Moore and his
colleagues and Starzl and his colleagues3 has established that the liver can
be successfully transplanted and is rejected in rather a similar pattern to the
kidney, most animals dying after about seven days. Standard immuno-
suppression, however, with thiopurines, steroids, and antilymphocyte
globulin can prolong survival in a significant percentage of animals for
considerable periods. Starzl et al.3 have several dogs living more than a year
after orthotopic liver transplantation. There are, however, disadvantages in
using the dog for liver transplantation experiments. The hepatic veins in the
dog are liable to spasm which causes outflow obstruction and haemorrhage
into the liver. Portal blood in the dog frequently contains pathogenic
organisms. A fairly common complication of the liver transplantation in the
dog has been the development of gastrointestinal ulcers. The exact
mechanism of this ulceration has not been determined. Stuart et al.4 found
that vagotomy and pyloroplasty did not prevent ulcer formation but total
gastrectomy did.

In contrast to the behaviour of liver transplants in dogs, grafts of the liver in
pigs are treated in a very different way by recipient animals. Calne et al.5' 6
and Terblance et al.7 have shown that rejection of orthotopic liver transplants
in the pig is a very weak and slow process irrespective of whether the donor
is related to the recipient or of a completely different porcine breed. Early
complications in the pig experiments were a high incidence of ascending
cholangitis due to cholecystduodenostomy. This can apparently be prevented
by choledocho-dochostomy. Another serious complication was gastro-
intestinal haemorrhage with multiple erosions of the stomach and duodenum.
This has been prevented by a total vagotomy and gastro-duodenostomy
(Calne et al.6). Liver transplants in pigs not given immunosuppressive agents
consistently survive for long periods of time in immunologically mature
animals, even when the donor and recipient are from widely different genetic
sources. The behaviour in the liver is in marked contrast to that of the
kidney and skin transplants which are rapidly rejected in similar pigs. If
skin or a kidney from the same donor was transplanted together with the
liver to the same recipient, the skin grafts survived much longer than normally
and kidney transplants have survived up to five months. In these experiments
there was no evidence of rejection of the liver grafts. It would appear that the
porcine liver has a profound immunosuppressive effect which is non-toxic
and not only protects itself from rejection but also confers long survival
on skin and kidney grafts. The mechanisms involved have not been
determined.
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R. Y. Calne

The liver is far more susceptible to ischaemic damage than the kidney and
heart and it is doubtful whether the human liver at 37°C can withstand more
than 15 minutes of ischaemia without serious damage resulting. Even if the
damage sustained in this period is potentially reversible, the poor initial
function and liability to severe haemorrhagic complications in the immediate
postoperative period are likely to cause death before the organ can recover.

There has been much experimental work on liver preservation. Application
to clinical practice requires the following procedure. Immediately after the
death of the donor, cardiac massage and pulmonary ventilation are instituted,
and extracorporeal perfusion of the cadaver may be helpful while the liver
is being mobilized. Immediately that access is available to the portal vein,
cold solutions are infused into it and similarly into the hepatic artery to wash
blood from the liver, which is then removed and maintained on isolated
hypothermic perfusion. During this period tissue typing of the donor is
performed and if the donor was compatible with the recipient the operation
on the recipient is begun. The eventual aim of liver preservation is not only
to prevent further damage but to resuscitate the organ and reverse ischaemic
damage that has already occurred.

Until recently all attempts at liver transplantation in man had failed within
a few weeks of operation. Most patients died in the early postoperative phase.
A further series of liver transplants performed by Starzle and his colleagues8
in Denver have been more encouraging. The five recipients were all children:
four suffered from biliary atresia and the fifth from primary carcinoma of the
liver. All patients survived two months after operation and the longest
survivor is seven months.
The livers were cooled in situ by perfusion through the superior mesenteric

vein with 1 to 2 litres of balanced electrolyte solution with added low
molecular dextran and heparin. Egress of fluid was through a venotomy
in the lower inferior vena cava. Long segments of the portal vein and infra-
hepatic vena cava were retained with the specimen as well as the full length
of the hepatic artery in continuity with the coeliac axis and the attached
aorta. The livers of patients 1 and 3 were kept for 146 and 122 minutes
respectively with a preservation system of hypothermia, hyperbaric oxygen

at 4 atmospheres, and a low flow perfusion with dilute homologous blood.
The flow rates and technical details were those reported in experiments on

dogs (Brettschneider et al.9).
The most important factor in the new series of cases is the quality of the

organs transplanted. The circulation was preserved until the livers were

cooled, the warm ischaemia time lasting only a few minutes. The donors were

maintained on mechanical ventilators until death. All had irreversible brain
damage and had had multiple cardiac arrests which were treated. Death was

certified by doctors who were not concerned with the transplantation. In
each instance the electrocardiograph was isoelectric. Cardiac massage and
ventilatory support were then continued in transit to the operating theatre
and during the abdominal skin preparations. Cardiac activity intermittently
returned during the time of passage and in one case a sustained strong heart
beat was restored almost an hour after death had been pronounced. The
family was informed and, with their permission, the initial stage of the
hepatectomy was performed with an intact circulation. By the time
hepatectomy was started the temperatures of the donors had fallen to between
29 and32°C.
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Liver transplantation 265

It would seem that livers transplanted in man are rejected no more
aggressively than kidneys and the standard methods of immunosuppression
used in renal transplantation appear to be effective. The reasons for the early
success of Starzl's latest cases must be attributed to years of experimental
work on liver transplantation in animals and also the extensive clinical
experience of the Denver group in renal transplantation. The early transplant
function resulted from the extremely rapid removal of the liver following
death in four of the last five cases and before cessation of heart beat in the
fifth case. It is difficult to envisage widespread clinical liver transplantation
at the present time, since so many problems remain unsolved, but by far the
greatest obstacle is removal and transplantation of a healthy organ from the
donor to the recipient.

R. Y. CALNE
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