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Liver transplantation for homozygous familial
hypercholesterolaemia

S P Revell, G Noble-Jamieson, P Johnston, A Rasmussen, N Jamieson, N D Barnes

Abstract
Homozygous familial hypercholestero-
laemia is a rare inherited condition with
an incidence of approximately one in a
million. It is associated with severe pre-
mature atherosclerosis and early death
from cardiovascular complications. The
results ofliver transplantation reported to
date have suggested only partially effec-
tive reduction of the hypercholestero-
laemia.
Three boys with familial hypercholes-

terolaemia, aged 10-0 to 151 years,
received liver grafts at Addenbrooke's
Hospital. Their untreated fasting lipid
concentrations were grossly raised. All
three had angiographic evidence of coro-
nary atheroma and two had exertional
angina. One child had such severe
atheroma that coronary artery bypass
surgery was considered necessary before
liver transplantation. All three had
straightforward operative and postopera-
tive courses and their lipid concentrations
returned rapidly to normal. One boy
developed chronic rejection requiring
retransplantation. Currently all three
boys are well, on normal diets, and with
normal liver function.

It is concluded that (1) liver transplan-
tation offers highly effective treatment for
this lethal condition, (2) timing the opera-
tion is difficult but it should be undertaken
before coronary artery disease has pro-
gressed too far (when combined liver and
heart transplantation may be the only
possibility), and (3) in well grown children
with no previous abdominal surgery the
immediate risks of liver transplantation
are low but chronic rejection remains a
danger.
(Arch Dis Child 1995; 73: 456-458)
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Liver transplantation is an established treat-
ment for end stage liver disease in children and
has a good medium term success rate. A num-
ber of hereditary metabolic conditions may
also be cured or relieved by liver transplanta-
tion. Homozygous familial hypercholestero-
laemia is a rare inherited condition in which
affected children develop severe premature
atherosclerosis and die from consequent vascu-
lar problems. No safe, effective medical treat-
ment is currently available.1 Liver
transplantation has the potential to correct the
metabolic abnormality but the results reported

to date have been equivocal with only partial
correction of the lipid abnormality.2
We describe three children in whom liver

transplantation fully corrected the lipid abnor-
mality.

Case reports
PATIENT 1
This English boy developed xanthomata at 11
months of age and was found to have the
typical lipid profile of homozygous familial
hypercholesterolaemia. Initially he was treated
with a low fat diet only but from the age of 9
years cholestyramine and nicotinic acid were
added. Coronary angiography was normal at
that time but when repeated four years later
showed a 30% stenosis of the proximal left
descending coronary artery. He remained
asymptomatic and no ischaemic changes were
seen on an electrocardiogram (ECG). His
treatment was intensified and for two years he
had weekly plasma exchanges. Although this
produced a satisfactory fall in lipid concentra-
tions he found the treatment extremely bur-
densome and it was complicated by multiple
central line infections. He was therefore
referred for consideration of liver transplanta-
tion.
He received a whole liver graft in October

1990 and had an uncomplicated perioperative
course. The donor was cytomegalovirus posi-
tive and the patient developed cytomegalovirus
hepatitis which resolved fully after a course of
ganciclovir. His lipid profile and liver function
returned to normal two weeks after transplan-
tation (table and figure). He was well and had
a normal lipid profile and normal liver function
3-8 years after the operation.

PATIENT 2
This Asian son of a first cousin marriage devel-
oped xanthomata at the age of 6 years and was
found to have familial hypercholesterolaemia.
In spite of treatment with a low fat diet,
cholestyramine and simvastatin, his cholesterol
remained greatly raised. Coronary angiography
at the age of 9 showed atheromatous changes
of the left coronary artery and the descending
aorta and also a 50-70% stenosis of the inferior
mesenteric artery. There was a chronic dissec-
tion of the aorta below the renal arteries which
was presumed to have occurred as a complica-
tion of angiography. He was referred for trans-
plantation.
He received a whole liver graft in April 1992

and made a rapid recovery. He was hyperten-
sive postoperatively and required treatment
with nifedipine and atenolol. His lipid concen-
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Serum lipid concentrations* at diagnosis, assessment, and after liver transplantation (all
values are mmol/l)

Before transplant After transplant

Diagnosis Assessment I Week 2 Weeks I Month 6 Months

Patient 1
Total cholesterol 18-0 20-8 10-2 5-8 6-0 5-6
Triglyceride 1-8 4-6 3-5 3-2 1-5
HDL cholesterol 0-8 0 5 0-6 1.0
LDL cholesterol 19-2 3-7 3-9 3.9

Patient 2
Total cholesterol 20-0 25-6 13-9 4-8 5-2 5-6
Triglyceride 2-0 0 5 2-1 0-8
HDLcholesterol 0 5 0 5 1.0 1-7
LDL cholesterol 24-2 13-2 3-3 3-5

Patient 3
Total cholesterol NA 23-9 6-9 5 0 6-7 5-7
Triglyceride 0-8 2-2 2-2 1-4 2-0
HDL cholesterol 0 7 0-6 0 9 1-8 1-3
LDL cholesterol 22-9 5-3 3-1 4-3 3-5

*Normal ranges - total cholesterol (mmol/l): desirable <5-2, abnormal >7-8; triglyceride (mmoll1):
desirable <2-0, abnormal >4 0; HDL cholesterol (mmol/l): desirable >1 0, abnormal <0 9; LDL
cholesterol (mmol/l): desirable <4 0, abnormal >5-5.

trations and his graft function were normal by
the second postoperative week. He was dis-
charged only three weeks postoperatively. He
had little family support and on treatment with
cyclosporin he had developed hypertrichosis
and for this reason he probably did not take his
immunosuppressive drugs consistently. Ten
months later he became jaundiced and a liver
biopsy specimen showed the changes of
advanced chronic rejection. His condition
deteriorated rapidly and he was retransplanted
with a reduced liver graft as an emergency as
he was suffering from deep jaundice, coagu-
lopathy, encephalopathy, and intrahepatic
sepsis. Postoperatively he had an episode of
septicaemia but recovered and was discharged
well with normal graft function after only four
weeks. He was extremely well one year after his
second transplant and with close supervision
has taken his immunosuppressive drugs reli-
abl'
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stenosis of all three coronary arteries and the
supravalvar aorta. He was referred to
Cambridge for consideration of combined heart
and liver transplantation. On cardiological
review it was felt that because of his good left
ventricular function bypass surgery would be
appropriate. He had successful quadruple
coronary artery bypass surgery and patch aorto-
plasty at Papworth Hospital. Two months later
in November 1991 he received a liver graft with-
out any anaesthetic or surgical problems. Apart
from transient hypertension he had no post-
operative problems and was discharged three
weeks later with normal graft function and
normal blood lipid concentrations.

All these three children remain well with
normal graft function from 12 to 45 months
(mean 30 months) after liver transplantation.
Their blood lipid concentrations remained
normal without the need for any additional
dietary modifications or lipid lowering drugs.
In all children skin xanthomata disappeared
within one year and in the child who had
coronary artery bypass surgery reversal of
atheromatous lesions was also demonstrated
angiographically.

In summary, before transplantation these
three children had grossly raised total serum
cholesterol values, up to five times greater than
the upper limit of the normal range, with low
density lipoprotein (LDL) fractions similarly
raised and high density lipoprotein (HDL)
fractions low. Transplantation promptly
returned the serum lipid values to normal, with
the lowering of both total and LDL cholesterol
and raising of HDL cholesterol (table and
figure).

y. Discussion
Family hypercholesterolaemia is caused by a
mutant gene on chromosome 19 coding for the

7IENT 3 structure of the LDL receptor.3 This gene is
is Greek boy developed extensive xan- found in approximately one in 500 of the
imata from the age of 3 years and familial population. A number of mutant alleles have
ercholesterolaemia was diagnosed. He was been identified, the commonest resulting in
Lted with a low fat diet and cholestyramine absence of the LDL receptors, while others
this had little effect on his cholesterol con- result in reduced numbers or abnormal func-
trations. From 11 years of age he developed tion of receptors. Heterozygotes have total
rtional angina and was referred to the serum cholesterol concentrations approxi-
mpton Hospital in London. An exercise mately double the normal range (7-3 mmol/l).
:ssed ECG showed severe ischaemic changes In the homozygous state, which occurs in only
l coronary angiography demonstrated one in a million of the population, the choles-

terol concentrations are much higher, ranging
from approximately 18 to 26 mmol/l.

3_*
Patient 1 In the normal individuals, raised concen-

25 - Patient 2 trations of LDL in the circulation induce the
--- Patient 3 formation of increased numbers of LDL

20 - 8is \ receptors on cell surfaces. The majority of
these receptors (50-75%) are located in the

15 - liver.4 Heterozygotes have only half the normal
number ofLDL receptors, and develop slowly
progressive atherosclerosis, which usually

5 -----x becomes symptomatic in the fourth or fifth
decade of life. In homozygotes, atheroma

Before progress much more rapidly, with symptoms of
transplantation angina or even death occurring from coronary

Weeks Months artery occlusions within the first two decades
zl cholesterol before and after liver transplantation. of life. The manifestations may include corneal
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arcus and the formation of tuberous xanthoma
over tendons and pressure areas.

Treatment options for familial hypercholes-
terolaemia include diet, drugs, plasmapheresis,
bypass surgery, and liver transplantation.5
Since the gene has been localised, gene therapy
may become the treatment of choice for the
future. The first patient who has received
successful ex vivo gene therapy has recently
been reported.6

Diet is of most benefit to patients with
mildly raised serum lipids and has only a
supporting role in the treatment of familial
hypercholesterolaemia. Drugs used in the
treatment of hypercholesterolaemia are of two
main types: bile acid sequestrants and LDL
receptor modifying agents. Bile acid seques-
trants lower serum cholesterol by up to 20%
and therefore are used as an adjunctive treat-
ment in familial hypercholesterolaemia. They
are also unpalatable, cause steatorrhoea, and
prevent absorption ofvarious nutrients, partic-
ularly the fat soluble vitamins. LDL receptor
modifying agents are ineffective in this condi-
tion because the receptors are absent in
homozygous familial hypercholesterolaemia.

Plasmapheresis removes cholesterol from
the circulation and can lower the concentra-
tions to two thirds of their pretreatment
values.7 This remains a useful therapeutic
option over the short term, chiefly to delay the
development of atheroma before more defini-
tive treatment. The effect of plasmapheresis is
short lived, and requires twice weekly repeti-
tion to maintain satisfactory values; and there
is the additional problem of long term venous
access.

Partial ileal bypass, with a view to limiting
the enterohepatic circulation of bile acids, has
been described.8 This treatment was reported
to lower serum cholesterol by a quarter to a
third and so only delays the inevitable progres-
sion of atherosclerosis. It also has adverse
effects on growth and development.

Portocaval shunting, initially reported by
Starzl et al,9 reduces total and LDL cholesterol
by approximately a third, through altering
hepatic cholesterol and lipoprotein meta-
bolism. This procedure requires major surgery
and has inherent complications; in addition, it
may complicate later transplantation. In view
of the complications inherent in these forms of
surgery for familial hypercholesterolaemia,
these procedures have been largely abandoned.

Liver transplantation is a therapeutic option
for familial hypercholesterolaemia because the
majority of LDL receptors are located in the
liver and transplanted hepatocytes retain their
original metabolic specificity. It was first
described in a single patient in 1984, when a
simultaneous heart transplant was performed.2
Since then three further patients have received
combined liver and heart grafts.10 1 1 The use of
coronary revascularisation has also been

described.'2 Heart transplantation is associ-
ated with accelerated coronary vascular
atheroma.13 In those patients who survived a
reduction of cholesterol to near normal values
(an 80% reduction of pretransplant values)
was recorded, one patient requiring further
lipid lowering medication.'4 There is also a
report of a 4 year old child who received
isolated liver transplantation followed by a fall
in cholesterol values to within the normal
range.15 In all three of our patients, the total
and LDL cholesterol concentrations fell
rapidly to normal and stayed there.

In conclusion, liver transplantation offers a
highly effective treatment for this lethal condi-
tion and seems likely to remain the treatment
of choice until gene therapy becomes a viable
alternative. The timing of the operation is diffi-
cult but it should be considered once there
is angiographic evidence of atheromatous
disease, even in the absence of exertional
angina. In well grown children with no
previous abdominal surgery, the immediate
risks of liver transplantation are low but long
term complications such as chronic rejection
remain a danger. After successful transplanta-
tion there may be a remarkable regression of
established atheromatous lesions.
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