
Archives of Disease in Childhood 1994; 71: 349-352

Liver transplantation for hepatic cirrhosis in cystic
fibrosis

G Noble-Jamieson, J Valente, N D Barnes, P J Friend, N V Jamieson, A Rasmussen,
R Y Calne

Abstract
Five children with cystic fibrosis compli-
cated by hepatic cirrhosis received liver
grafts. They all had portal hypertension
with varices and three had variceal
bleeding; respiratory function was only
moderately impaired, but four were
colonised with pseudomonas and one with
aspergillus. Liver transplantation was well
tolerated and there was no increase in res-
piratory or other early postoperative com-
plications. Four of the children were fully
well from 14 to 35 months after transplan-
tation; the most recently transplanted had
problems from a biliary stricture. In spite
of the need for immunosuppression there
was no increase in infection and respira-
tory fimction improved or remained
stable. Once the children were stabilised
after transplantation their nutrition and
general health were greatly improved.
(Arch Dis Child 1994; 71: 349-352)
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In patients with cystic fibrosis improved
management of the lung problems has
increased life expectancy and more patients
now develop extrapulmonary complications.'
Hepatic cirrhosis occurs in up to 25% of
children with cystic fibrosis and may progress
to severe portal hypertension.2 This problem
usually presents within the first 10 years of life
with hepatosplenomegaly, but only mild
derangement of liver function. Once portal
hypertension is established the prognosis is
poor; in one series 20% of affected children
died as a direct result of the liver disease, with
a mean survival of only 4-5 years,3 and in this
and other series an excess of respiratory deaths
has been noted in children with liver disease.2
Although portal systemic shunting may be
palliative, liver transplantation offers the only
potentially curative treatment for portal hyper-
tension. It has seldom been attempted for
several reasons, however; firstly, it is difficult to

Table 1 Clinical details ofpatients at assessment for transplantation

Patient
No

1 F 14-4 CF + +++ Malnutrition
2 M 11-8 CF +
3 M 14-2 CF + ++ Malnutrition
4 F 6-6 CF + Malnutrition; previous ileostomy for

meconium ileus; diabetes mellitus
5 M 5-8 CF + + Malnutrition and ascites; previous

A1ATD ileostomy and resection for
meconium ileus, colonic ulceration;
septic episodes

CF=cystic fibrosis; AIATD=al-antitrypsin deficiency.

judge the optimum timing of the procedure;
secondly, the lung problems may increase the
immediate risk of the operation; and, thirdly, it
was feared that, without simultaneous lung
transplantation, postoperative pulmonary
infection might progress rapidly on immuno-
suppression.
We now report the encouraging outcome of

liver transplantation in five children with cystic
fibrosis and hepatic cirrhosis.

Patients
Five children with cystic fibrosis, three boys
and two girls aged from 5 to 14 years, received
liver grafts at Addenbrooke's Hospital between
March 1991 and June 1993. Table 1 gives their
clinical details at assessment. In addition to
cystic fibrosis, patient 5 was found to have
al-antitrypsin deficiency; a preoperative liver
biopsy sample showed the histological changes
of the two disorders. In the neonatal period
patients 4 and 5 had ileostomies for meconium
ileus: patient 5 also required resection of
30-50% of the small bowel; he later had a
further operation for intestinal obstruction and
developed colonic ulceration.

In these children liver disease was first
detected from 2 to 12 years of age. Patients 2
and 3 were found to have hepatosplenomegaly,
patients 1 and 5 an increase in liver enzymes,
and patient 4 deranged clotting. At the time of
assessment for liver transplantation all the
children had portal hypertension with gross
splenomegaly and large varices shown on
endoscopy or ultrasound. Patients 3 and 5 had
recurrent major variceal bleeds despite sclero-
therapy. Patient 5 had had gastrointestinal
bleeding sufficiently severe to require trans-
fusion. None of the children were jaundiced
(bilirubin concentrations 7-25 ,umol/l), but
their liver enzymes were slightly increased with
alanine transaminase 40-105 mmol/l and
alkaline phosphatase 158-604 mmol/l, and
three had prolonged prothrombin times of
20-21 seconds. Indices of hypersplenism were
present in all the children, with total white cell
counts ranging from 1 8 to 5*2x 109/1 and
platelet counts from 57 to 88X 109/1. Nutritional
status as judged by triceps skinfold thickness
and upper arm circumference was poor (less
than the fifth centiles) in four children (table 2).

All the children had copious sputum
production and breathlessness on exertion.
Respiratory function was measured in the four
older children and was mildly to moderately
impaired (table 3). Three were colonised
with Pseudomonas aeruginosa, one with

Age
Sex (years) Diagniosis Varices Bleeding Other problems
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Table 2 Nutritional indicators (centiles for triceps skinfold and upper arm circumference'4 15) before transplantation and
latest recorded values

Triceps skinfold (%) Upper arm circumference (%)

Patient Before Latest Months after Before Latest Months after
No transplantation measurement transplantation transplantation measurement transplantation

1 <3 6 27 <5 <5 27
2 20 >97 10 10 80 10
3 30 80 15 <5 20 15
4 <3 30 12 5 20 12
5 8 8 7 <5 <5 7

pseudomonas and aspergillus, and one with
haemophilus and Streptococcus pneumoniae.
Patient 4 had diabetes mellitus of recent onset
and required insulin in a dose of one
unit/kg/day.

In the three children who had not had major
variceal bleeds the decision to proceed to
transplantation was difficult. After full discus-
sion with the parents, in view of the children's
deteriorating quality of life, poor nutritional
status, abdominal distension with diaphrag-
matic splinting from organomegaly or ascites,
or both, pancytopenia from hypersplenism,
and large varices, and against the background
of the encouraging results previously reported
and in our own first two patients, we felt that
the potential benefit outweighed the risks and
that their lung function was too well preserved
to merit the additional risks and problems of
double transplantation with liver and lung, or
triple with liver, heart, and lung.

Transplantation and postoperative
progress
After a waiting time of one to three months the
children received whole orthotopic liver grafts
matched for size and blood group. The opera-
tive procedure was straightforward in three,
but the two children who had had a previous
abdominal operation presented more technical
problems and had increased intraoperative
blood loss (mean 158 ml/kg compared with 39
ml/kg in those who had no previous operation).
Patient 4 required a splenectomy to make
enough room in the abdomen for the graft.
Postoperatively the children were given
quadruple immunosuppression according to
our then current protocol (prednisolone and
azathioprine from day 1, antithymoglobulin
from day 2 for five days, and cyclosporin
starting from day 2) and for five days were
treated prophylactically with antibiotics appro-
priate for their flora. The children with positive
aspergillus cultures or serology were also given
prophylactic antifungal drugs.

All the children made good progress in the
early postoperative period. The mean stay in

intensive care was five days (range three to
eight days) and the duration of mechanical
ventilation was short (from less than one to
three days). Pulmonary infection did not cause
any major problems, although two children
required a change in antibiotic treatment. The
only other complication related to the cystic
fibrosis was meconium ileus equivalent in
patient 1; obstruction was successfully relieved
with Gastrografin enemas and acetylcysteine
by mouth. The children were discharged home
after a mean stay in hospital of only three
weeks (range 12-38 days). Hepatic complica-
tions occurred later in two children. Patient 4
developed an anastomotic biliary stricture at
six weeks; this was successfully treated by
percutaneous transhepatic dilatation; she then
had cytomegalovirus reactivation hepatitis
which responded to a two week course of
ganciclovir. Patient 5 developed biliary
obstruction three weeks postoperatively and
required reconstruction of the biliary tract to
convert a duct to duct anastomosis to a Roux
loop. He subsequently had an episode of acute
rejection and at seven months had not
recovered normal liver function, although a
liver biopsy sample did not show evidence of
irreversible damage.

In spite of the pancreatic enzyme supple-
ments they were receiving, to maintain thera-
peutic concentrations of cyclosporin all the
children required high total doses (10-35
mg/kg/day) given in three doses daily. Even so,
in patient 5 it proved impossible to maintain
adequate concentrations of cyclosporin so he
was changed to the better absorbed immuno-
suppressant FK506 (Fujisawa, Munich,
Germany).
Among the four children with normal graft

function nutrition was greatly improved (table
2) in three. Patient 1 unfortunately became
anorexic, but started to gain weight after the
insertion of a gastrostomy feeding tube. A
surprising and gratifying outcome was a strik-
ing subjective improvement in respiratory
function in all the children; they showed
remarkably improved exercise tolerance and
decreased cough and sputum production.

Table 3 Indicators of respiratory function (forced vital capacity (FVC) andforced expiratory volume in one second
(FEVl), % predicted) before transplantation and latest recorded value

FEVI, FVC

Patient Before Latest Months after Before Latest Months after
No transplantation measurement transplantation transplantation measurement transplantation

1 86 76 27 102 93 27
2 72 98 10 75 100 10
3 55 65 15 7 1 78 15
4 74 91 7 78 79 7
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Respiratory infection did not increase in spite
of the ne-ed for immunosuppression. Formal
pulmonary function tests in four children
showed improved indices in three and only a
slight decrease in patient 1 27 months after
transplantation (table 3). Another unexpected
benefit was a remission in diabetes in patient 4;
she stopped taking insulin seven weeks after
transplantation and was still in remission 14
months later.

Discussion
The liver disease of cystic fibrosis is thought to
result primarily from the accumulation of
abnormally tenacious bile in the intrahepatic
ducts, which impedes bile flow and causes
injury to the biliary epithelium and consequent
biliary cirrhosis. In addition, there is increased
faecal bile acid loss and this results in the
production ofhydrophobic bile acids which are
potentially hepatotoxic. The improvement in
liver function and nutrition status which has
been observed when cystic fibrosis patients
are treated with the hydrophilic bile salt
ursodeoxycholic acid seems to support this
hypothesis,4 5 but to date it is not known
whether the progression of liver disease can be
slowed by the early administration of this
compound.
The characteristic early hepatic lesion is a

focal biliary fibrosis with oedema, chronic
inflammatory cell infiltration, bile duct
proliferation, and increased fibrosis in portal
tracts while the parenchyma contains relatively
healthy hepatocytes.4 The principal conse-
quence of the liver disease is the development
of portal hypertension, which causes enlarge-
ment of the spleen and the formation of
varices. Tests which reflect either hepatocyte
function, such as protein synthesis, as indi-
cated by the serum albumin and the prothrom-
bin time, or cellular integrity, as indicated by
the serum transaminase concentrations, may
be normal or only slightly deranged.
The reported prevalence of clinically appar-

ent liver disease among patients with cystic
fibrosis is remarkably variable, ranging from
2-2% to 2450/o.236-8 In a review of 1100
patients Scott-Jupp et al found 4-2% affected.2
The mean age at presentation was 9-8 years
and in most the first sign to be detected was
enlargement of the liver or spleen, or both.
Although in that series only 7-8% of the
children died as a direct result of their liver
disease, there was an increased mortality in
teenagers with liver disease, probably due to
exacerbation of the lung problems. Feigelson
et al reported the long term outcome of 450
children with cystic fibrosis, among whom 31
(7%) developed multilobular cirrhosis at a
mean age of 7 years.3 Twenty children had
varices and seven had surgical treatment for
their portal hypertension (five a portocaval
shunt, one a splenectomy, and one triple trans-
plantation). Six children died of liver compli-
cations after a mean survival of only 4-5 years,
and 10 died from lung complications. Stem
et al reported that, of five children who
received portal systemic shunts for variceal

bleeding, three were alive from one to nine
years after the operation and two died at a
mean of eight years.6 Others, such as Tyson
et al,9 have reported much poorer results, with
six of 17 children dying within two months of
the operation. Portal systemic shunting may be
effective in relieving bleeding, but requires a
major operation, may precipitate encephalo-
pathy, and greatly complicates any subsequent
attempt at liver transplantation.
There are few reports to date of the outcome

of patients with cystic fibrosis after liver trans-
plantation. Cox described five children and
five adults who had only mild to moderate lung
disease and received liver grafts; three patients
died from infective complications, as a result of
pseudomonas in two and aspergillus in one,
but among the surviving patients pulmonary
function improved in five.'0 Mieles et al
reported four children and five adults; two died
from problems directly related to the operation
but, among the seven patients who survived,
pulmonary function either improved or
remained stable. I I These two groups raised the
question of whether colonisation of the lungs
with pseudomonas increased the risk of death
from pneumonia after transplantation and
whether postoperative management should be
modified. We have not seen an increase in
postoperative morbidity from pulmonary
infection after successful liver transplantation.
Indeed, the most impressive outcome in this
small series of children has been the improve-
ment in subjective pulmonary symptoms. All
the children had greatly improved exercise
tolerance and decreased sputum production.
There are several possible reasons for this
unexpected benefit. Liver cirrhosis with portal
hypertension causes abdominal distension and
diaphragmatic splinting, which is relieved after
transplantation; the liver disease is associated
with intrapulmonary shunting and pulmonary
oedema, which contributes to the lung
problems; and malnutrition reduces resistance
to infection. It is also possible that immuno-
suppressive treatment, perhaps particularly
with cyclosporin, may exert a specific
beneficial effect by blocking cytokine produc-
tion and thereby inhibiting inflammatory
processes in the airways.'2

It was surprising that the diabetes of patient
4 showed a prolonged remission after liver
transplantation as the cause of diabetes
associated with cystic fibrosis seems primarily
to be the mechanical disruption and destruc-
tion of pancreatic tissue rather than an auto-
immune process. It has also been suggested
that liver disease may unmask subclinical
diabetes as the ability of a damaged liver to
deal with a glucose load is impaired.'3

In conclusion, we suggest that children with
cystic fibrosis complicated by hepatic cirrhosis
and portal hypertension, but with relatively
well preserved lung function, should be con-
sidered for liver transplantation once varices
are present. Such children are at constant risk
from variceal bleeding and worsening of
nutritional and respiratory status may lead to
premature death from pulmonary complica-
tions. Liver transplantation remains a high
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risk procedure, but in cystic fibrosis, when
successful, it is not attended with increased
infective or pulmonary morbidity. Not only is
the portal hypertension relieved and the danger
of bleeding removed, but there may also be
striking benefits in improved pulmonary func-
tion, nutrition, and in general wellbeing.
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