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Abstract
Background—Many patients with haemophilia have developed cirrhosis or hepatocellular carcinoma due to transfusion
acquired chronic viral hepatitis.
Aims—To assess the long term outcome of
all haemophilic patients reported to have
undergone orthotopic liver transplantation.
Methods—Transplant centres of patients
identified by medical database search
were contacted and survival data assessed
by Kaplan-Meier analysis.
Results—Twenty six haemophilic men
(median age 46 years, range 5–63 years)
underwent orthotopic liver transplantation in 16 centres between 1982 and 1996.
Indications for transplantation were hepatitis C cirrhosis (69%), hepatitis B with or
without C cirrhosis (15%), viral hepatitis
related hepatocellular carcinoma (12%),
and biliary atresia (4%). Six patients
(23%) were infected with human immunodeficiency virus (HIV). Postoperatively,
the median time to normal clotting factor
levels was 24 hours (range 0–48 hours) and
exogenous clotting factors were stopped at
a median of 24 hours (range 0–480 hours).
Four patients (15%) had bleeding complications. The one and three year survival of
HIV positive recipients (67% and 23%) was
significantly poorer (p=0.0003) than that
of HIV negative recipients (90% and 83%).
Coagulopathy was cured in all patients
surviving more than 12 days post-transplant. Six of the 20 patients (30%) with
hepatitis C cirrhosis pretransplant had
evidence of disease recurrence at a mean
of nine months post-transplant.
Conclusions—Hepatitis C cirrhosis is the
most common indication for orthotopic
liver transplantation in patients with haemophilia. Transplantation results in long
term cure of haemophilia but may be
complicated by the eVects of HIV infection
or recurrent viral hepatitis.
(Gut 1998;42:744–749)
Keywords: liver transplantation; haemophilia; hepatitis
C; cirrhosis; HIV

Liver disease is an increasing cause of morbidity
and mortality among patients with haemophilia, due mainly to hepatitis C virus (HCV)
infection acquired from non-sterilised clotting
factor concentrates prior to 1985. Liver transplantation may be the only potentially curative
treatment available to these patients, as antiviral
drugs such as á interferon (á-IFN) are of

limited benefit.1 The demand for transplantation is likely to increase in view of the fact that
virtually all patients with haemophilia who have
received non-virus inactivated clotting factors
have been infected with HCV2 and at least 30%
of these patients are expected to develop
cirrhosis.3 Starzl’s group performed the first
successful orthotopic liver transplantation
(OLT) in a patient with haemophilia in
Pittsburgh in 19854 and since then there have
been individual case reports of a further 24 liver
transplants in haemophilic patients.5–21 Two
studies, which included the data from the first
11 haemophilic OLT patients, have reported
the long term survival of such patients.12 22
Anticipated diYculties of OLT in haemophilic patients include perioperative management of coagulopathy, recurrence of viral
hepatitis, and problems related to human
immunodeficiency virus (HIV) infection. Various strategies of clotting factor replacement
exist and one aim of this study was to try to
identify both the most successful method and
the optimal duration of infusion postoperatively. Additionally, we aimed to assess the long
term outcome of OLT in haemophilic patients
in terms of survival, cure of coagulopathy, and
complication frequency.
Methods
Case reports of haemophilic patients who had
received OLT were obtained from the Medline
medical journal database. The transplantation
centre of each patient was contacted by letter
and telephone to obtain further information of
long term outcome. One unpublished case was
identified in the course of communication.
Survival rates as of 1 December 1996 were
tested for significance using the log rank test.
All statistical analyses were carried out using
the LIFETEST procedure of the Statistical
Analysis System (SAS).23
Results
PATIENT DEMOGRAPHY

Twenty six male haemophilic patients underwent OLT in 16 centres between 1982 and
1996 (table 1). The mean age at time of surgery
was 39 years (median 46 years, range 5–63).
Twenty one patients had haemophilia A, three
had haemophilia B, one patient had both
diseases with B predominant, and one patient
had factor X deficiency. Information on
haemophilia severity was available for 24
patients, of whom 13 (54%) were described by
authors as having severe disease, four (17%)
moderate, and seven (29%) mild disease.
There was no recorded evidence of an inhibitor
to factor VIIIC in any patient pretransplant.
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Table 1
Patient
no

13
14
15
16
17
18
19
20
21
22
23
24

25
26

Reference

Transplant centre

Haemophilia
type

Aetiology

Age at
OLT (y)

OLT survival
(months)

HIV
status

Bontempo et al5
Bontempo et al5
Bontempo et al5
Bontempo et al5
Gibas et al6
Merion et al7
Scharrer et al8
Delorme et al9
Makris et al10
Makris et al10
Deshayes et al11
Fischbach and
Scharrer 12
Lerut et al13
Lerut et al13
Federici et al14
Kadry et al15
Stangl et al16
Magallon et al17
Hanley et al18
McCarthy et al19
McCarthy et al19

University of Pittsburgh, USA
University of Pittsburgh, USA
University of Pittsburgh, USA
University of Pittsburgh, USA
Massachusetts General Hospital, USA
University of Michigan, Ann Arbor, USA
University Hospital, Frankfurt, Germany
University of Western Ontario, London, Canada
Queen Elizabeth Medical Centre, Birmingham, UK
Queen Elizabeth Medical Centre, Birmingham, UK
CHU, Caen, France
University Hospital, Frankfurt, Germany

A
A
A
A
A
B
A
A+B
A
A
A
A

NANB (C±B)
NANB (C±B)
NANB (C)
NANB (C)
NANB (C)
B
B, C, D +HCC
C
C
C + HCC
C
C

21
16
48
47
36
14
46
38
63
57
53
47

0
44
4
124+
27
30
59
75+
78
72+
70+
67+

+
+
+
−
+
−
−
−
−
−
−
−

University Hospital St Luc, Brussels, Belgium
University Hospital St Luc, Brussels, Belgium
Ospedale Maggiore, Milan, Italy
University Hospital, Geneva, Switzerland
Ludwig Maximilians University, Munich, Germany
Hospital La Paz, Madrid, Spain
King’s College Hospital, London, UK
King’s College Hospital, London, UK
King’s College Hospital, London, UK

C
C
B, C + D
B +C
C
Biliary atresia
C
C
C

50
19
27
44
63
5
36
46
54

96+
50+
36+
31+
48+
15+
13+
29+
21+

−
−
−
−
−
−
+
−
−

McCarthy et al19
McCarthy et al19
Bassendine M
(personal
communication)
Hanley et al20
Baudo et al21

King’s College Hospital, London, UK
King’s College Hospital, London, UK
Freeman Hospital, Newcastle upon Tyne, UK

A
A
A
B
A
A
A
A
Factor X
deficiency
A
B
A

C
C
C + HCC

26
48
50

15
12 days
6

+
−
−

Royal Infirmary, Edinburgh, UK
Ospedale Niguarda, Milan, Italy

A
A

C + HCC
B, C + D

58
25

7+
7+

−
−

NANB, non-A non-B hepatitis; +, patient alive on 12 December 1996.

Six patients were known to be HIV positive
prior to transplantation; one patient had had
Pneumocystis carinii pneumonia, an acquired
immunodeficiciency syndrome (AIDS) defining illness, 20 months prior to transplantation.
The mean time to development of hepatic
decompensation from the date of first clotting
factor concentrate infusion was 17 years
(median 16 years, range 5–33) in 15 patients
for whom the information was available. The
mean time from detection of abnormal liver
function tests to hepatic decompensation was
nine years (median 11 years, range 2–21) in
those 15 patients for whom this information
was available.
INDICATIONS FOR TRANSPLANTATION

Twenty five patients (96%) had developed liver
cirrhosis as a consequence of transfusion
acquired viral hepatitis. Decompensated HCV
cirrhosis was the main indication for transplantation in 18 patients (69%), one of whom was
found to have coexistent hepatocellular carcinoma (HCC) at surgery. Five of these patients
(patients 1 to 5) were transplanted before the
introduction of HCV testing, and retrospective
sera were not available. However, physicians at
their centres held the opinion that they should
be assumed to have had HCV cirrhosis; three
of these patients had chronic non-A non-B
hepatitis (patients 3, 4, and 5) and the remaining two were hepatitis B surface antigen
(HBsAg) positive but had no serological
evidence of active HBV infection. Patient 1 had
antibodies to HBsAg and patient 2 had had
persistent antibodies to hepatitis B e antigen
(HBeAg) since early childhood. Four patients
had cirrhosis related to HBV with or without
HCV or HDV coinfection (15%): two patients
were coinfected with HBV and HCV; one
patient was coinfected with HBV, HCV, and

HDV; and one patient had HBV alone. HCC
was the main indication for transplantation in
three patients (12%), of whom one had HBV,
HCV, and HDV coinfection and the remaining
two had evidence of HCV infection alone. A
five year old patient underwent transplantation
on account of biliary cirrhosis, which he had
developed following a Kasai procedure performed during infancy for congenital biliary
atresia.
MANAGEMENT OF PERIOPERATIVE COAGULOPATHY

Nineteen of the 21 patients for whom the
information was available received an initial
loading dose of the appropriate clotting factor
substitute at induction, followed either by a
continuous infusion intraoperatively (seven
patients) or by a further bolus intraoperatively
(12 patients), the dose of which was dependent
on coincident plasma clotting factor measurements. Two patients with mild haemophilia
required no exogenous clotting factors perioperatively. The mean bolus dose used at
induction was 56 U/kg (range 38–80 U/kg) and
the intraoperative infusion rate varied from 2 to
7 U/kg per hour. Those centres which used a
second intraoperative bolus dose used a dose
varying between 25 and 50 U/kg according to
intraoperative clotting values. Three patients
received additional infusions of either heparin
or aprotinin. The time at which clotting factor
treatment was stopped was available for 21
patients and varied from immediately to 480
hours (20 days) postoperatively; patients 5 and
13 received clotting factors for 10 and 20 days
post-transplant, respectively. Slow production
of endogenous factor VIII appeared to be the
reason for this delay in patient 5, but there is no
clear explanation for this in patient 13. The
mean time at which exogenous clotting factor
treatment was stopped was 53 hours (median
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Figure 1 Kaplan-Meier survival probability plot of 26
haemophilic orthotopic liver transplant recipients.
Continuous line indicates HIV negative recipients; dotted
line indicates HIV positive recipients.

24 hours), or 20 hours if patients 5 and 13 are
excluded. Eight patients stopped receiving
exogenous clotting factors immediately postoperatively. Excluding patients 5 and 13, the
mean time to achieving normal factor VIII, IX,
or X post-transplant of the 16 other patients for
whom this information was available was 20
hours (median 24 hours, range 0–48).
IMMUNOSUPPRESSION

All patients received prednisolone and either
cyclosporin (21 patients) or tacrolimus (five
patients), with or without azathioprine as initial
immunosuppression at doses standard for
OLT. The initial dose of immunosuppressant
drugs given to HIV positive patients was similar to that of HIV negative patients. Prednisolone was withdrawn completely in 14 of the
20 patients for whom this information was
available.
OUTCOME

Survival
Overall post-transplant survival at one and
three years was 83% and 68%, respectively.
One and three year survival of 19 HIV negative
patients was 90% and 83%, respectively, which
is significantly better (p=0.0003) than that of
six HIV positive patients, whose one and three
year survival was 67% and 23%, respectively
(fig 1). One HIV positive patient died intraoperatively, but AIDS related illnesses directly
accounted for the deaths of at least three HIV
positive patients (2, 3, and 5) who died at 44, 4,
and 27 months post-transplant, respectively.
Two of these patients (2 and 5) returned to
work or school prior to the onset of AIDS.
Patient 22 died from a combination of hepatorenal syndrome and sepsis following severe
cholestatic HCV recurrence, which may have
been related to concurrent HIV infection, in
that he had weight loss greater than 10 kg
within one month at 14 months post-OLT and
thus met AIDS diagnostic criteria at the time of
death. One HIV positive patient (patient 19)
has survived 15 months post-OLT and has
returned to work, despite a low preoperative
CD4+ lymphocyte count of 160 cells/mm3 and
prior AIDS defining illness.
Five of the 20 HIV negative patients have
died since transplantation; the death of only

Coagulopathy: cure and complications
Long term phenotypic cure of haemophilia was
achieved in all 24 patients who survived for
more than 12 days post-transplant. Four
patients developed bleeding complications,
which were fatal in two patients: patient 1 died
from intraoperative blood loss which was due
to complicated surgery, rather than inadequate
clotting factor replacement; and the death of
patient 23 has been described above. Patient 3
returned to theatre two days post-transplant on
account of intra-abdominal bleeding but no
distinct bleeding point was found. Patient 22
also underwent laparotomy on account of a
retroperitoneal haemorrhage on the third postoperative day. Patients 3, 22, and 23 had
normal prothrombin times and factor VIII/IX
levels detected at the time of their bleeds. None
of the eight patients whose exogenous clotting
factor infusions were stopped immediately
postoperatively developed bleeding complications.
Recurrence of viral hepatitis
Six of the 20 patients (30%) with cirrhosis or
HCC related to HCV pretransplant developed
biopsy evidence of recurrence at a mean of nine
months from transplantation. Initially, this
took the form of periportal inflammation in all
but patient 22, who developed a severe cholestatic form of HCV at six months post-OLT.
Disease recurrence in patients 8 and 13 (10%)
resulted in cirrhosis at seven and five years
from transplantation, respectively. Three patients received ribavirin (20, 21, and 22); this
had little eVect in patient 22 and it is still too
early to assess improvement in the other two
patients. Three of the five patients with HBV
related liver disease pre-OLT developed disease recurrence despite receiving perioperative
hepatitis B immunoglobulin; patients 6, 7, and
15 developed hepatitis at days 26, 48, and 12
months respectively. All three patients had
HCV coinfection and the HBV-DNA state was
positive preoperatively only in patient 15;
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one patient can be directly attributed to the
procedure: patient 6 died at 30 months
post-transplant, aged 16 years, from septicaemia following a strangulated small intestinal
hernia adjacent to his Roux-en-Y hepaticojejunostomy. Three patients died from causes
unrelated to transplantation: patient 7 committed suicide at 59 months post-transplant, aged
51 years; patient 9 died, aged 69 years, from
congestive cardiac failure related to a dilated
cardiomyopathy at 78 months post-transplant;
and patient 24 died from metastatic HCC at six
months post-transplant, aged 50 years, HCC
having been the main indication for his
transplant. Patient 23 died from an acute subdural haemorrhage at 12 days postoperatively,
aged 48 years. This may have been related to
transplantation, since the bleed occurred at the
site of a small chronic subdural haematoma
noted preoperatively. Additionally, the patient
was receiving low dose intravenous heparin to
facilitate dialysis for probable cyclosporin
induced nephropathy at the time of the haemorrhage.
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Figure 2 Serial CD4+ lymphocyte counts of HIV positive
patient 19 before and after transplantation.
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Figure 3 Serial CD4+ lymphocyte counts of HIV positive
patient 22 before and after transplantation.

patient 7 was negative and the HBV-DNA state
of patient 6 was unknown. Patients 7 and 15
were both delta antibody positive; the delta
status of patient 6 was unknown.
HIV related complications
The CD4+ lymphocyte counts of patients 2, 3,
19, and 22 at surgery were 434, 285, 160, and
280 cells/mm3, respectively. Patient 5 had a low
CD4+:CD8+ cell ratio of 0.27 prior to
transplantation and the preoperative CD4+
lymphocyte count of patient 1 was unknown.
The duration of HIV infection prior to surgery
was known in patients 19 and 22 to have been
at least 12 and five years, respectively. This
information was not available for the four other
HIV positive patients, but patients 2, 3, and 5
had all received non-sterilised clotting factor
concentrates for at least 12 years prior to transplantation. Four patients (2, 3, 5, and 22)
developed AIDS at a mean of 18 months posttransplant (range 3–41 months) and died at a
mean of 22 months (range 4–44 months).
Patient 1 died intraoperatively as described
earlier. Patients 5, 19, and 22 received zidovudine at 24, 5, and 14 months post-transplant,
respectively, on account of persistently low
CD4+ lymphocyte counts. Additionally, patient 22 received saquinavir, an HIV protease
inhibitor at nine months post-transplant. Figures 2 and 3 respectively show serial CD4+
lymphocyte counts of patients 19 and 22 postOLT.
Other complications
Twelve patients developed acute rejection for
which nine patients received intravenous methylprednisolone and the remaining three were

DEMOGRAPHY

Most patients in this series suVered from severe
haemophilia, which is consistent with other
groups who have found the risk of developing
chronic liver disease to be associated with
increased clotting factor consumption.24 The
mean time of 17 years from date of first use of
clotting factors to onset of decompensated liver
disease is similar to estimates made in other
studies.25 If the only patient without viral hepatitis (patient 18) is excluded, this figure rises to
18 years (range 10–33 years). The figure for
mean time to development of abnormal liver
function tests is unlikely to be representative of
actual liver damage, as many haemophilic patients did not have regular liver function tests
performed until the discovery of the risks of
HCV in the late 1980s. HCV cirrhosis or HCV
related HCC was the main indication for OLT
in 20 patients (77%) in this series. The number
of such patients is likely to continue to increase,
given that haemophilic patients did not receive
virus inactivated clotting factors until 1985 and
the mean time to decompensation is at least 18
years from clotting factor infusion. Furthermore, haemophilic patients with HCV infection often respond poorly to á-IFN,1 which
may result in a higher proportion requiring
liver transplantation than in the non-haemophilic population. It is also likely that many
HCV infected haemophilic patients will require
OLT on account of HCC, as the incidence of
this tumour in haemophilic patients with
chronic viral hepatitis is estimated to be 30
times that of the general population.26
COAGULOPATHY: MANAGEMENT AND CURE

Most centres used a method of bolus injection
followed either by further boluses or by a continuous infusion of the appropriate clotting
factor concentrate. The choice of method
appeared to be dependent on the facilities
available at the time of surgery, rather than
haemophilia severity, as no patients transplanted prior to 1991 received a bolus-infusion
regimen. Continuous infusions have the advantage of maintaining a constant level of clotting
factors in addition to being more economical—
one third less expensive than twice daily
boluses.27 Numbers in this series are too small
to be able to make any statistical correlation
between frequency of bleeding complications
and the type of clotting factor replacement
regimen used; patient 22 received an infusion
and patient 23 received boluses of clotting factors. For the same reason, no correlation can be
made between the time to normal clotting
development and replacement regimen used.
Interestingly, the mean time to development of
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given OKT3 antilymphocyte globulin. Three
patients developed cytomegalovirus hepatitis
which was likely to be related to concurrent
HIV infection in one patient only. Late complications included the development of anastomotic biliary strictures in two patients, chronic
rejection necessitating retransplantation after
four years in one patient, and idiopathic renal
impairment in one patient.
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OUTCOME

The survival figures for HIV negative patients
are similar to those reported in other HBV and
HCV series.32 33 As might be predicted, survival
of the HIV positive patients in this series was
poor and the preoperative CD4+ lymphocyte
count did not necessarily predict outcome. It is
important to note that the numbers in this
series are small and that two of the five deaths
in the HIV positive group were not due to
AIDS. Interestingly, the patient with the lowest
CD4+ lymphocyte count preoperatively (patient 19; 160 cells/mm3) has had a relatively
uncomplicated post-transplant recovery. Postoperatively, his count has remained less than
100 cells/mm3, despite treatment with an HIV
protease inhibitor. It is diYcult to know
whether this low count is a result of transplantation and immunosuppression (fig 2), or a
consequence of HCV, as his HCV genotype
(type 1) has been associated with an increased
rate of progression to AIDS in haemophilic
patients.34 The fact that viral hepatitis itself may
aVect the post-transplant survival of HIV posi-

tive patients is suggested by a series of
recipients from Pittsburgh who were known to
be HIV positive prior to transplantation, in
whom the postoperative survival of liver transplant recipients was notably poorer than that of
recipients of other organs.35 Patient age at
transplantation also seems to determine the
outcome of HIV positive recipients; the children in this series had better long term survival.
At least 70% of HCV infected haemophilic
patients have HIV coinfection.36 Although such
patients have a higher prevalence of severe liver
disease24 37 than their HIV negative counterparts, many transplant centres may feel that
OLT cannot be justified in patients whose
post-transplant survival is anticipated to be
short. This argument is supported by long term
follow up studies of non-haemophilic transplant patients with HIV infection.35 38 39 The
advent of zidovudine and HIV protease inhibitors has lengthened the time to development of
AIDS in HIV positive patients40 41 and hence
may potentially improve the post-transplant
survival of future recipients.
Recurrence of viral hepatitis post-transplant
is a problem common to haemophilic and nonhaemophilic patients alike. A longitudinal
study of a series of 149 patients reported by
Gane et al showed that 27% of patients
transplanted on account of HCV cirrhosis
developed a moderate chronic hepatitis at a
median of 35 months and cirrhosis developed
in 8% at a median of 51 months.33 Furthermore, HCV recurrence has been suggested to
be more severe in those patients who are HCV
genotype 1b preoperatively,42 although this
view has been contested.43 Genotype 1 is most
commonly found in UK haemophilic patients44
suggesting that as a group they may have a
higher risk of developing graft recurrence of
HCV. HIV infection is thought to enhance the
replication of HCV45 although the mechanism
remains unknown and this eVect is likely to
persist post-transplantation. In this context,
patients 19 and 23 had early evidence of graft
recurrence of HCV at seven and six months
respectively. Notably, that of patient 23 took
the form of aggressive cholestasis which has
been reported by other groups46 although its
significance in relation to the patient’s HIV
status is unclear.
Hepatitis B recurred in three of the five
patients who had HBV related liver disease
pretransplant, all of whom were HIV negative.
The risk of post-transplant HBV recurrence
has been reported to be approximately 58% in
those patients who are HBV-DNA negative
preoperatively and 83% in those DNA positive,
but its frequency has been found to be reduced
to 36% in those patients given antihepatitis B
surface antigen immunoglobulin for at least six
months post-transplant.32 Post-transplant lamivudine prophylaxis may also be useful in
preventing relapse, particularly in those patients who are HBV-DNA positive at the time
of surgery.47 In addition, HBV recurrence is less
frequent in recipients with concurrent HCV
infection.48
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normal clotting values post-transplant was 20
hours which is similar to that of nonhaemophilic patients; Stahl et al reported
normalisation of the prothrombin time to
occur between 24 and 120 hours posttransplant,28 the time being dependent on graft
function and operative blood loss. Furthermore, eight of these 16 patients (50%) received
no exogenous clotting factors post-transplant,
suggesting that haemophilic liver transplant
patients may not necessarily require any further
clotting factor replacement postoperatively,
except in the situations of poor initial graft
function or large volume intraoperative blood
loss.
The frequency of bleeding complications
(15%) is consistent with that reported from
series of non-haemophilic patients undergoing
OLT.29 McCarthy et al noted that the development of a fatal subdural haemorrhage in patient
23 was probably related to a previous small
chronic subdural haematoma seen on a preoperative computed tomography (CT) scan and
suggest that previous subdural haemorrhage
might be considered as a relative contraindication to OLT in haemophilic patients.19 Evidence
of cerebral haemorrhage was shown by CT scan
in 2.4% of a series of 124 moderate to severe
haemophilic patients30 and it may therefore be
prudent to perform preoperative cerebral CT
scans in such patients.
The results of this series of patients confirm
overwhelmingly that liver transplantation offers
patients with haemophilia long term cure of
their coagulopathy. In the UK the cost of the
procedure is at least £45 000 (approximately
US$73 000)31 but this is oVset by the savings
incurred from stopping clotting factor replacements, which for a severely aVected patient
requiring approximately 100 000 units factor
VIII/IX can amount to as much as £30 000
(US$50 000) per annum. In addition, the
quality of life of haemophilic patients is greatly
improved by no longer having to self administer intravenous clotting factors regularly.
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CONCLUSIONS
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Orthotopic liver transplantation provides long
term phenotypic cure of haemophilia. The survival of HIV negative haemophilic recipients is
similar to that of non-haemophilic recipients
transplanted for HCV cirrhosis and bleeding
complications are no more frequent. Clotting
factor replacement at time of surgery is
probably best managed by continuous infusion
and may be stopped immediately postoperatively in those patients with good graft function
and low volume intraoperative blood loss.
Post-transplant survival of HIV positive haemophilic patients is poorer than that of HIV
negative recipients, although quality of life is
dramatically improved by curing haemophilia
and by permitting some to return to work. The
small number of cases performed by each centre makes management guidelines diYcult to
devise except by multicentre analysis. We
therefore propose to maintain an international
register of haemophilic liver transplant patients
at the Haemophilia Centre and Haemostasis
Unit at the Royal Free Hospital and invite centres to report cases not described herein.
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