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A 39-year-old patient with cholanglo-
carcinoma and pre-existing ulcerative
colitis was successfully treated by
orthotopic liver transplantation. He was
given low doses of prednisone and
azathioprine and survived for more
than 9 months, dying with tumour
metastases, thrombosis of the inferior
vena cava and an intra-abdominal
abscess. At autopsy the homograft
showed little evidence of rejection.

Preoperatively the patient had
septicemia. Removal of his liver was
difficult. The discrepancy between donor
and recipient in size of blood vessels
and the presence of two hepatic
arteries in the donor caused problems
during the vascular anastomoses. During
the operation cardiac arrest occurred.
Postoperatively there were several
medical and surgical problems, including
intraperitoneal and gastrointestinal
hemorrhage, paralysis of the right dome
of the diaphragm, sinus bradycardia,
massive diuresis, peroneal nerve
palsy, and one major and three minor
episodes of rejection, which were
reversed by giving pulse doses of
methylprednisolone intravenously.

Un patient ige de 39 ans soufirant
d'un cholangiocarcinome et porteur
d'une colite ulcerative pre-existante
a ete traite avec succes par une
greffe orthotopique du foie. II a re.u
de faibles doses de prednisone et
d'azathioprine et a survecu pendant
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plus de 9 mois; il est decede de
metastases de Ia tumeur accompagnee
d'une thrombose de Ia veine cave
inferieure et d'un abces intra-abdominal.
A l'autopsie l'homogreffe n'a presente
que peu de signes de rejet.
Avant loperation le patient souffrait

de septicemie. La resection du foie
a ete difficile. La difference de calibre
entre les vaisseaux sanguins du
donneur et ceux du receveur et Ia
presence de deux arteres hepatiques
chez le donneur ont cause des
problemes au moment des anatomoses
vasculaires. Un arrit cardiaque est
survenu durant loperation. Plusieurs
problemes medicaux et chirurgicaux
ont ete rencontres dans Ia periode
postoperatoire, dont une hemorragie
gastrointestinale et intraperitoneale,
une paralysie du plafond droit du
diaphragme, une bradycardie sinusale,
une diurese massive, une paralysie
du nerf peronier ainsi qu'un
episode majeur et trois episodes
mineurs de rejet qui ont pu itre
contriles par des injections r6petees
de methylprednisolone intraveineux.

Since the first attempts at liver trans-
plantation in man in 1963 by Starzl
and Moore and their colleagues,"2 some
250 transplants have been performed
throughout the world for both benign
and malignant conditions of the liver.
The indications have included biliary
atresia, cirrhosis, hepatic necrosis and
liver failure, Wilson's disease and other
inborn errors of metabolism, cholangio-
carcinoma, hemangioendothelial sarco-
ma and metastatic liver cancer.3 10

Liver transplantation has not been

reported in a patient with cho¶angio-
carcinoma and pre-existing ulcerative
colitis. We report here details of such
a case, in which there were also un-
usual medical and technical problems,
in a 39-year-old man who lived for
more than 9 months after successful
orthotopic liver transplantation.

Case report
Clinical history
A 39-year-old male rancher was ad-

mitted to Foothills Provincial General
Hospital, Calgary, because of increasing
pruritus and jaundice.

Ulcerative colitis affecting the colon and
rectum had been diagnosed 16 years pre-
viously. After several years of medical
treatment a panproctocolectomy with ile-
ostomy had been carried out in August
1967 at the Cardston (Alta.) Municipal
Hospital. His immediate postoperative
course was complicated by deepening
jaundice (highest serum bilirubin value,
29 mg/dl) and clinical and biochemical
features of hepatic failure, and necrosis of
the ileostomy stoma. At laparotomy the
liver was found to be enlarged and nodu-
lar. The ileostomy was revised. Histologic
examination of a liver biopsy showed bile
duct proliferation with pericanalicular and
portal round-cell infiltration and other
features of intrahepatic pericholangitis
with early biliary cirrhosis. Liver failure
and jaundice gradually and completely
subsided and he was discharged from
hospital 1 month after laparotomy. He
was readmitted later in 1967 for revision
of the ileostomy and in June 1971 because
of episodes of bowel obstruction. In April
1975 increasing pruritus and jaundice de-
veloped and he was referred to Foothills
Hospital and University of Calgary for
investigation and treatment.
He was deeply jaundiced and the liver

was enlarged. Results of gastrointestinal
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radiography and duodenal and bile duct
endoscopy were normal. Blood analysis
showed the following values: total protein,
7 g/dl; albumin, 2.1 g/dl; blood urea
nitrogen (BUN), 27 mg/dl; total bilirubin,
26 mg/dl; alkaline phosphatase, 550 lU/i;
and aspartic transaminase, 120 lU/I. Liver
scan showed a large space-occupying lesion
in the region of the porta hepatis involving
both lobes of the liver (Fig. 1), and a
selective hepatic angiogram showed a
large vascular tumour occupying the cen-
tral portion of the liver with extension to
both hepatic lobes.
At laparotomy a large, nonresectable

tumour was found to occupy the area of
the porta hepatis, obstructing both hepatic
ducts. There was no evidence of extra-
hepatic spread. Biopsy of the tumour
showed a well differentiated cholangio-
carcinoma. In an attempt to relieve the
jaundice the empty common bile duct was
opened. A U-shaped Silastic tube was
worked through the tumour and out
through the substance of the liver to pro-
vide external biliary drainage, as described
by Terblanche and Lauw." This resulted
in temporary amelioration of the jaundice.

During the next few weeks persistent
fever and other features of cholangitis de-
veloped. Bile culture grew Streptococcus
faecalis and later Pseudomonas aeruginosa.
Episodic encephalopathy developed and
he was treated with the standard medical
regimen for hepatic failure, including ad-
ministration of chloramphenicol and later
gentamicin. The biliary drainage tube was
removed and a Scribner arteriovenous
shunt was placed in the right arm for
intravenous hyperalimentation and pos-
sible extracorporeal hepatic support while
the patient was awaiting liver transplanta-
tion.

Intermittent pyrexia (41 'C) continued
and failed to respond to chemotherapy. In
addition, ascites and large pleural effusions
that had to be drained developed; the
aspirate contained neither microorganisms
nor malignant cells. The serum bilirubin
value increased to 41 mg/dl and the serum
alkaline phosphatase value to 1700 lU/i.
Oliguria developed. The serum creatinine
value increased to 2.1 mg/dl and the
BUN to 43 mg/dl. The patient was treated

by hemoperfusion for 3 hours with an
activated charcoal column" and one sub-
sequent exchange transfusion of fresh
blood, but this had only a transient effect
on the progressing hepatic failure.
The patient became increasingly con-

fused and his body weight decreased to
52 kg. The liver enlarged and became
tender; the serum bilirubin value increased
to 60 mg/dl. Extensive radiologic exam-
ination of the chest, including whole-lung
tomography and total-body bone scans,
showed no evidence of metastatic tumour
spread. It was clear that the patient's con-
dition was critical and that the only hope
for survival was through successful ortho-
topic liver transplantation. This was
readily accepted by the patient and his
relatives.

Orthotopic liver transplantation

On July 30, 1975 a suitable cadaver
donor became available - the 16-year-old
victim of a traffic accident. HLA type of
the donor was A2,3;B13,w15 and that of
the recipient, A1,w29;B8,14. Direct lymph-
ocytotoxic crossmatch yielded negative re-
sults. Cholangiography showed in the
donor a normal biliary tree, but arterio-
graphy demonstrated two hepatic arteries,
one arising from the celiac axis and the
other from the superior mesenteric artery.
A bilateral subcostal incision just clear-

ing the ileostomy was made in the reci-
pient. The liver was enormous and full of
tumour, which had* now extended to the
gallbladder and the common bile duct.
Owing to the previous operations and the

liver.s size and adherence to the diaph-
ragm, dissection and mobilization of the
organ were extremely difficult. Examina-
tion of frozen sections of tissues surround-
ing the liver, including the lymph nodes
at the porta hepatis, showed no tumour.
The donor's liver and entire celiac and

superior mesenteric arteries were then re-
moved. The liver was cooled by perfusion
through the portal vein and the two hepa-
tic arteries with an electrolyte solution, as
previously described.'3 The recipient's liver
was then excised.

Orthotopic liver transplantation was
carried out by a modified technique of
Starzl.' The vascular anastomoses were
carried out in the following order: supra-
hepatic inferior vena cava, portal vein, two
hepatic arteries and infrahepatic inferior
vena cava (Fig. 2). Biliary drainage was
carried out by cholecystoduodenostomy.

In addition to the technical problems of
a difficult hepatectomy, the ileostorny,
and the two hepatic arteries in the donor,
there were other serious problems during
the transplantation. The donor liver was
small and a discrepancy between donor
and recipient in the size of the blood ves-
sels caused problems during the vascular
anastomoses. While the patient was in the
anhepatic phase and the vessels were being
anastomosed cardiac arrest occurred. Re-
suscitation was started immediately and
cardiac massage was continued while the
anastomoses were being completed. After
50 minutes of cardiac massage spontane-
ous and regular cardiac rhythm was es-
tablished.

FIG. 2-Technique of orthotopic liver transplantation. Note discrepancy in vessel size

between donor and recipient and technique for anastomosing two hepatic arteries:

FIG. 1-Hepatomegaly and centrnlly donor celiac and superior mesenteric arteries were sutured together, then distal end
placed large primary tumour of liver dem- of superior mesenteric artery was joined to recipient's single hepatic artery. IVC -
onstratecl on preoperative technetium-99m inferior vena cava; PY = portal vein; CA = celiac axis; SMA = superior mesenteric
(OOmTc) liver scan. artery; HA (Rec) = hepatic artery of recipient; GB = gallbladder.
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When adequate circulation was estab-
lished in the recipient the vascular clamps
were removed. The liver homograft as-
sumed an excellent colour and within a
short time bile flow was established. At
the conclusion of the operation the patient
appeared to be in good condition with
normal circulation; he awoke quickly from
anesthesia. The total blood requirement
was about 40 units.
The recipient's liver weighed 3.8 kg and

contained a centrally placed tumour, 8
cm in diameter, which had spread through-
out the liver along the biliary ducts; these
contained many abscesses, from which
Pseudomonas was cultured.
An immunosuppressive regimen of

prednisone, 3 mg/kg, and azathioprine,
5 mg/kg, was begun the day before opera-
tion (Fig. 3), together with prophylactic
antibiotics - gentamicin, cloxacillin and
clindamycin.

Postoperative course
On the 1st postoperative day the patient

was alert and communicating with at-
tendants, but signs of intraperitoneal hem-
orrhage developed and worsened. A large
intraperitoneal hematoma was evacuated
36 hours after transplantation. Numerous
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bleeding points on the raw surface of the
diaphragm were secured by suture and
coagulation. The liver homograft appeared
in excellent condition. The patient's condi-
tion improved immediately and the trans-
planted liver continued to function. The
serum bilirubin value decreased to 7.5
mg/dl and the serum alkaline phosphatase
value to 50 lU/I within the first 48 hours
(Fig. 3).

During the next 4 weeks several serious
complications, some of which have not
previously been described, were success-
fully managed.

Sinus bradycardia (pulse rate, 40 beats!
mm) developed 4 days after transplanta-
tion and persisted for 2 weeks. This was
treated with intermittent administration of
atropine sulfate.

Elevation of the right dome of the
diaphragm was noted in the immediate
postoperative period, but this did not ap-
pear to cause the patient any respiratory
difficulty and it gradually and completely
cleared over the next 10 weeks.
Although all cultures of blood drawn

preoperatively were negative, one culture
of blood taken immediately before trans-
plantation was positive for P. aeruginosa.
Consequently, the patient was treated with
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FIG. 3-Postoperative course during first 100 days after liver transplantation. Note
sharp decrease in serum bilirubin and alkaline phosphatase values immediately after
transplantation. One major and two minor rejection episodes were successfully reversed.
Apart from some increase in serum alkaline phosphatase concentration the patient had
normal liver function 6 months after transplantation.
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FIG. 4-Synthesis of coagulation factors after liver transplantation. Note rapid
increase in the concentrations of fibrinogen and other liver-dependent clotting factors.

carbenicillin for 2 weeks, then with tobra-
mycin for another 2 weeks. Cultures of
blood and urine collected 15 days after
transplantation grew Candida albicans.
The patient was therefore given ampho-
tericin B intravenously (IV) for 2 weeks
(total dose, 220 mg).
By the 7th postoperative day the serum

bilirubin value was 20 mg/dl. Extensive
investigation, including endoscopy and
gastrointestinal radiography, failed to dem-
onstrate biliary obstruction. A diagnosis
of liver allograft rejection was therefore
made and this was treated with intermit-
tent large doses of methylprednisolone.
The immunosuppressive regimen was sup-
plemented with antilymphocyte globulin,
4 ml/d intramuscularly. Rejection was
completely controlled by the 14th post-
operative day (Fig. 3).
On the 12th postoperative day sudden

and massive gastrointestinal hemorrhage
developed through the ileostomy, requiring
transfusions of S to 6 units of blood
daily. Endoscopy, gastrointestinal barium
radiography and arteriography failed to
disclose the source of the bemorrhage.
Treatment was continued with transfusion
of fresh blood, intermittent gastric cooling
and antacid therapy until all signs of
bleeding stopped on the 18th postoperative
day. During the period of hemorrhage the
BUN value increased to 95 mg/dl. During
this period and while blood transfusions
were being given to maintain adequate
circulation, massive diuresis (5 to 9 lId)
occurred but the urinary concentrations of
sodium and potassium and the creatinine
clearance remained normal. When the
bleeding subsided the BUN decreased to
30 mg/dl and the diuresis ceased.

Bilateral footdrop and sensory deficit
in the distribution of the lateral peroneal
nerves were observed early in the post-
operative period. This responded slowly
to physiotherapy and use of supportive
footwear.
From the 20th postoperative day the

patient's course was relatively smooth ex-
cept for one minor episode of rejection
on the 28th day, which was successfully
treated with methylprednisolone, 1 g IV
daily for 3 days. Administration of anti-
lymphocyte globulin was discontinued on
the 36th day, following a serious ana-
phylactic reaction. Liver function, includ-
ing synthesis of liver-dependent coagula-
tion factors (Fig. 4), continued to improve
and became normal. Renal function im-
proved greatly after transplantation: crea-
tinine clearance increased from a preopera-
tive value of 53 ml/min to 115 mI/mm,
urinary sodium excretion increased from
57 to 109 mmol/d and urinary potassium
excretion decreased from 47 to 29
mmol/d. The patient's clinical condition
continued to improye and his weight in-
creased gradually. He was discharged from
hospital 40 days after transplantation.

Follow-up

The patient was followed up at frequent
intervals as an outpatient and, apart from
two minor rejection episodes at 80 and
163 days, which were reversed with two
l-g pulse doses of methylprednisolone IV,
he remained well. Maintenance immuno-
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suppressive therapy consisted of azathi-
oprine, 100 mg/d, and prednisone, 15
mg/d.

Liver homograft function remained
good and at 6 months after transplanta-
tion his weight was 69 kg, chest radio-
graph and liver (Fig. 5) and bone scans
were normal, prothrombin time was 100%
of normal and platelet count was
309 x109/1. Serum values were as follows:
total bilirubin, 0.8 mg/dl; albumin, 3.7
g/dl; cholesterol, 210 mg/dl; and crea-
tinine, 1.2 mg/dl.
The concentration of a,-fetoprotein

(AFP) in the patient's serum was measured
regularly by radioimmunoassay in an at-
tempt to detect tumour recurrence before
it became manifest clinically.14 Just before
transplantation the concentration was
nearly 2000 ng/ml (normal, less than 500
ng/ml). There was a transient increase to
2200 ng/ml immediately after transplanta-
tion, but thereafter the values decreased;
AFP became undetectable 2 months after
transplantation and remained so.
Abdominal and back pain appeared 7½

months after transplantation and became
progressively more severe. Investigations,
including bone scan, showed evidence of
bone metastases. Cancer chemotherapy,
which included a course of 5-fluorouracil
given IV, had no effect and he died more
than 9 months after transplantation.

Autopsy revealed tumour metastases,
particularly in bone, thrombosis of the
inferior vena cava below the renal veins
and an intra-abdominal abscess. Histologic
examination of the liver homograft showed
little evidence of rejection.

Discussion

Since 1963 some 70 patients have
received liver transplantation for the
treatment of various types of malignant
hepatic tumours. Of the 37 patients
who received their transplant because
of primary hepatoma, 13 survived for
more than 3 months (Organ Transplant
Registry, Chicago: personal communi-
cation, January 1976). Two of these
were alive 7 months and nearly 2 years,
respectively, after transplantation (R.Y.
Calne: personal communication, Janu-
ary 1976). A third patient, a child who

FIG. 5-Liver homograft of normal size,
with uniform uptake of .mTc 6 months
after transplantation.

had had biliary atresia and a small he-
patoma, was alive 6½ years after trans-
plantation (T.E. Starzl: personal com-
munication, November 1975). Seven of
the remaining 10 patients died of
recurrence of tumour at 4 to 14
months.3'5'15"8 However, one woman,
also a patient of Calne, survived for
5 years after transplantation and at
autopsy there was no evidence of tu-
mour recurrence.'7"8

Twenty-three patients received liver
transplantation because of primary
cholangiocarcinoma of the liver. Five
of these, including our patient, were
alive 3 to 23 months after transplanta-
tion. Four other patients survived for
more than 3 months and, of these, two
died at 8 months with recurrence of
tumour'9 (Organ Transplant Registry,
Chicago; personal communication,
1976).
Although our patient was the 22nd

to have received orthotopic liver trans-
plantation for cholangiocarcinoma, he
was the only transplant patient in whom
the hepatic tumour might have devel-
oped secondary to ulcerative colitis.'
Pericholangitis, sclerosing cholangitis
and carcinoma of the hepatic ducts
have all been reported as complications
of ulcerative colitis."" It is plausible,
therefore, that in this patient the early
pericholangitis and the subsequent de-
velopment of cholangiocarcinoma were
the consequences of his ulcerative coli-
tis, even though the tumour developed
several years after total colectomy and
ileostomy.
The cause of cardic arrest during the

anhepatic phase in this patient remains
obscure. Sudden and dangerous changes
in blood pH and concentrations of
serum electrolytes have been reported
in patients undergoing liver transplanta-
tion.'3 However, the values of these
variables, which were monitored regu-
larly during the intraoperative period,
remained stable.
Some of the observations made and

problems encountered during the post-
operative period were unusual. Pseudo-
monas septicemia was present, though
undetected, before transplantation, and
yet this did not appear to have any
adverse effect, as had been feared; this
could have been because the patient
was given adequate prophylactic chem-
otherapy before the operation. Paral-
ysis of the right dome of the diaph-
ragm, which is generally thought to be
due to crushing of the right phrenic
nerve during clamping of the inferior
vena cava,' caused no respiratory prob-
lem and it cleared completely 10 weeks
after transplantation. Bradycardia of
the degree seen in this patient has not
been reported after liver transplanta-
tion, but has been seen by one of us
(G.M.A.) in patients recovering from

hepatic coma following extracorporeal
liver perfusion.'4 In both situations
sinus bradycardia responded readily to
subcutaneous administration of atro-
pine.
The great improvement in renal func-

tion that was noted in this patient has
been reported in other patients with
severe liver disease following liver
transplantation'4 as well as following
ex vivo human liver perfusion." How-
ever, the massive diuresis that accom-
panied the gastrointestinal hemorrhage
has not been reported. Such diuresis
was probably due to the osmotic effect
of the high BUN concentration in the
presence of normal renal function, since
the diuresis ceased when the BUN
value decreased from 95 to 30 mg/dl.
It is somewhat surprising that such a
massive diuresis should have taken
place while several units of blood were
required daily to maintain normal cir-
culatory homeostasis.

Peroneal nerve palsy has been re-
ported in patients undergoing lengthy
renal and hepatic transplant operations.
This can be prevented by protective
measures such as those described by
Aldrete.'6

Despite the fact that the donor and
recipient had no HLA antigens in com-
mon, there was only one major rejec-
tion episode, which was controlled by
administration of pulse doses of methyl-
prednisolone and the addition of anti-
lymphocyte globulin to the immuno-
suppressive regimen of prednisone and
azathioprine. The remarkable resistance
of the liver homograft to rejection, even
in the face of complete HLA incom-
patibility, has been well documented
in man5"0 and in certain animals, such
as the pig.27
The advisability of carrying out liver

transplantation in patients with malig-
nant liver tumours is still controversial,
largely because of the high incidence
of tumour recurrence after transplanta-
tion while the patient is receiving im-
munosuppressive therapy.3'5"8 Such a
high recurrence rate was first described
by Starzl,' who still holds the view that
hepatic replacement for primary malig-
nant disease of the liver is a question-
able, although possibly still defensible,
procedure (personal communication,
1975). However, other investigators,
particularly Fortner and colleagues'6
and Williams and Calne and their asso-
ciates,' hold a much less pessimistic
view and they rightly argue that tumour
recurrence occurs after all types of
operations for malignant disease, in-
cluding liver transplantation; for the
individual patient the chance of cure
or of worthwhile palliation is sufficient
justification for liver transplantation.
We do not believe that the financial

cost of this procedure is out of line
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if measured against other new forms of
treatment. Kidney transplantations, for
example, may be followed by numerous
complications that are expensive and
time-consuming to treat, yet ultimately
the patient dies. In the treatment of
patients with terminal disseminated can-
cer, high-dose methotrexate and citro-
vorum-rescue therapy may result in an
annual cost in excess of $50 000 for
the medication.

In view of the poor prognosis in
patients with unresectable hepatic ma-

29 . relativ
lignant tumours an. the ely long
survival after liver transplantation in
a few patients with hepatoma, we are
inclined to support the opinions ex-
pressed by Williams and his colleagues.5
There is no doubt that the incidence of
recurrence and the prognosis in liver
transplantation depend on the type of
liver tumour and the extent of spread
at the time of the operation, and it
is likely that the results of liver trans-
plantation in patients with hepatic tu-
mours will be improved greatly if trans-
plantation is carried out early, before
local and metastatic spread have taken
place.
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trative support, Mr. Robert Jack and Dr.
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and Dr. Alan van Orman of Cardston
Municipal Hospital for help with fol-
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Immunologic response in vitro after thymectomy
in patients with myasthenia gravis
TOM BOWEN, MD; HENRY F. PABST, MD, FRCP[C]

Thymectomy in adult animals impairs
Immune functions such as lymphocyte
response to phytohemagglutinin (PHA)
and to allogeneic cells. The responses
of lymphocytes from 18 myasthenia
gravis patients, 12 of whom had
undergone thymectomy, were studied;
the interval between thymectomy and
investigation ranged from I month
to 26 years (mean, 9.5 years). Peripheral
blood lymphocytes were cultured in
autochthonous plasma or homologous
AB serum. In vitro responses to
stimulation with PHA, concanavalin A
and allogeneic mononuclear cells
were within the 950/o range of normal
responses in all patients. Because our
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findings contrast with the definite
immune defects resulting from
thymectomy found in adult animals,
longer follow-up is needed.

La thymectomie chez lanimal adulte
altere les fonctions immunologiques
telles que Ia reponse lymphocytaire a
Ia phytohemagglutinine (PHA) et
aux cellules allogeniques. On a etudie
Ia reponse lymphocytaire de 18 patients
atteints de myasthenie grave, dont
12 avaient subit une thymectomie;
l'intervalle ecoul6 entre Ia thymectomie
et le moment de l'etude a vane
entre I mois et 26 ans (moyenne,
9.5 annees). Les lymphocytes du sang
peripherique ont ete cultives dans
un plasma autochtone ou dans un
serum AB homologue. Les reponses
in vitro a Ia stimulation par Ia PHA,
Ia concanavaline A et par les cellules

mononucleaires allogeniques sont
demeurees a I'interieur de 950/c des
variations normales. Comme nos
resultats contrastent avec le net deficit
immunologique resultant de Ia
thymectomie chez I'animal adulte, une
periode d'observation plus prolongee
est requise.

Thymectomy is frequently performed
as a part of therapy in myasthenia
gravis (MG).1 As in all ablative inter-
ventions, side effects must be expected
and should be looked for carefully.
Thymectomy has been performed ex-
perimentally at birth in a variety of
animals to establish a well known wast-
ing syndrome with severe immunode-
ficiency and drastic shortening of life.2
However, the importance of the thymus
in supporting immunologic function in
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