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Paediatric liver transplantation-a review 
based on 20 years of personal experience 

Abstract The natural history of 
most liver diseases requiring liver 
replacement in children is well 
known, and the potential of this 
therapy has been ascertained 
regarding life expectancy, which 
currently exceeds 90% in the long 
term. The timing of liver transplan- 
tation must be anticipated, to reduce 
the physical, psychological and 
mental impact of chronic liver dis- 
eases. Several studies show evidence 
that the best long-term results with 
regard to patient and graft survival 
are obtained with grafts procured 
from relatively young donors. Since 
the shortage of post-mortem liver 
donors will most likely worsen, fur- 
ther development of live, related- 

donor transplantation can be ex- 
pected. The main progress to come 
will concern immunosuppression, 
taking advantage of the immuno- 
logical privilege of the liver. Proto- 
cols are under development for 
induction of operational tolerance. 

Keywords Children . Liver 
transplantation * Indications . 
Survival . Medical complications * 

Immunosuppression 

History 

The history of paediatric liver transplantation cannot be 
dissociated from the name of Thomas E. Starzl, whose 
pioneering and ever-continuing efforts contributed more 
than anyone else’s to what has become a routinely 
successful procedure [ 1, 21. I had the unique privilege to 
be his research fellow during my 3rd-year surgical 
residency (1965-1966). 

His first attempt, performed in 1963 in a child with 
biliary atresia, failed [3]. Four of the eight children that 
received transplants in 1967 survived beyond 1 year; one 
is still alive, in perfect clinical condition, off immuno- 
suppression for > 17 years (T.E. Starzl, personal com- 
munication). Cyclosporine, introduced in 1980, allowed 
the long-term survival of the majority of children that 
had received transplants [4]. After its transfer to the 

University of Pittsburgh in 1981, the liver programme of 
T.E. Starzl expanded impressively, with 808 children 
( < 18 years) receiving a transplant between March 198 1 
and April 1998 [5 ] .  

In Europe, liver transplantation in a 10-month-old 
child with biliary atresia was attempted in Cambridge, 
UK, by Sir Roy Calne [6] in June 1968; the child died 
during surgery. 

In continental Europe, we performed, in March 1971, 
the first successful liver transplantation in an 18-month- 
old child with biliary atresia [7]. Our programme really 
started in 1984, on a multidisciplinary paediatric basis, 
after the transfer of our university hospital from Leuven 
to Brussels. The first four children are still alive, having 
reached 20 years of post-transplant survival. From 1984 
to 2003 our group performed liver transplantation in 593 
children ( < 15 years), including 120 patients who re- 
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ceived a live, related-donor transplant. Most of those 
children were referred from abroad. Prof. Daniel Ala- 
gille [8] was the first to put his trust in our group. In 1985 
we started a 3-year collaboration while awaiting the 
implementation of a liver programme in HBpitalBicgtre, 
Paris. We were honoured by the collaboration with this 
distinguished paediatric hepatologist, who was an 
internationally recognised expert in the field. Through 
his recommendations he gave the impetus to many 
paediatricians from other countries to entrust their 
patients to our team. 

The first international symposium on paediatric liver 
transplantation was organised in Brussels in October 
1986 [9]. Eight teams that had performed at least 20 
operations were invited to present their results (Table 1). 
These centres (except Denver/Pittsburgh) started their 
experience in the early 1980s, when cyclosporine became 
available. One-year patient survival rates ranged 
between 57% and 83%. In the following years excellent 
programmes were developed in a number of centres in 
Europe, North America, Japan and South Africa. 

current status 

Results obtained during the past two decades are the 
consequence of substantial progress made in all areas 
involved in liver transplantation, including surgical 
techniques, selection and preparation of candidates, 
immunosuppression and medical management. We 
review these areas thereafter. 

Technical developments regarding the donor graft 

The shortage of size-matched, small paediatric donors 
gave an impetus to the development of new techniques 
allowing the transplantation of segmental liver grafts 
procured from larger donors, either adolescents or 
adults; indeed, the majority of liver candidates are 
infants and young children [ 10, 1 I]. In the “reduced-size 

Table 1 First series of liver transplantation in children, interna- 
tional symposium, Brussels 11-12 October 1986 

Centres Interval Number 1-Year patient 
survival (YO) 

Denver 1967-1980 86 30 
Pittsburgh 1980-1986 265 70 
Cambridge 1983-1986 35 43 
Boston 19841986 23 59 
Dallas 19841986 44 74 
Hanover 1978-1986 35 66 
Ucla 1983-1986 38 70 
Brussels 19841986 30 83 
Minneapolis 19841986 35 65 

liver” technique, originally described by Bismuth and 
Houssin [12], the donor liver is cut down to the left 
lateral segment (or the left lobe); this innovative tech- 
nique was validated in the late 1980s [13, 141 and used 
worldwide. It was criticised because of the potential 
prejudice to adult recipients, since it does not increase 
the liver pool; it has become obsolete except in particular 
circumstances. 

The concept of the “split-liver graft” was described in 
the late 1980s [15, 16, 17, 181 and validated in the 1990s 
[19, 20, 211. By the division of the donor liver structures 
and parenchyma in such a way as to provide two grafts 
prepared from one single organ, this technique allows 
significant expansion of the liver pool. Indeed, it is 
estimated that 20%-25% of post-mortem donor grafts 
can be safely divided [22,23]. Usually, the liver is divided 
along the umbilical scissure between the left lateral 
segment (Couinaud’s segments I1 and 111) and an ex- 
tended right lobe (Couinaud’s segments IV-VIII), which 
are transplanted into a child and an adult recipient, 
respectively. Alternatively, the liver can be divided along 
the main scissure if the size of the paediatric recipient 
requires a greater liver mass or when both recipients are 
adults [24]. The splitting technique is complex and can 
be performed in two ways. In the ex situ technique [17, 
18,221 the division of the liver on the back table entails a 
risk of re-warming after core cooling and procurement. 
Experience with live liver donors led to the development 
of the in situ technique by the Hamburg group [25], soon 
followed by the UCLA group [23, 261. In the in situ 
technique the liver division is performed as the first stage 
of the multi-organ procurement in a heart-beating, post- 
mortem donor. The advantages of the latter technique 
are the perfect haemostasis of the cut section and an 
optimal preservation and timing that facilitate graft 
sharing between distant transplant centres. The good 
results provided by both techniques have contributed to 
reduce the waiting lists [27, 281. Unfortunately, the po- 
tential of the procedure is under-exploited due its com- 
plexity and the lack of experience of many centres [29]. 

Live, related-donor liver transplantation 

Persisting post-mortem organ shortage justified its 
development in USA [30], Europe [19,31,32] and Japan 
[33]. The first success was obtained by Strong et al. in 
Australia [34]. Procurement of the left lateral segment is 
a relatively straightforward procedure that provides 
enough liver mass for most paediatric liver recipients. 
The risk of lethal complications in the donor is minimal; 
to the best of our knowledge [35,36] there have been two 
postoperative deaths, one in Europe [31] and one in the 
USA [37], out of some 2000 cases, which represents a 
risk of dying of approximately 1:lOOO. If needed, the 
procurement can be extended to the full left lobe or even 
the right lobe for bigger recipients, although the latter 
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type of procurement is more complex and significantly 
more risky for the donor [36]. 

The prerequisites for a live, related-donor liver 
transplantation programme are a protocol approved by 
the local ethics committee (or the institution review 
board) [30] and strictly followed, a stringent selection of 
the donors offering to donate, in order to exclude any 
extra-operative risk, and large experience with all types 
of liver resection and transplantation techniques. 
Respecting the donor’s autonomy is of paramount 
importance. Each potential donor should be offered 
three options: living donation if such is his/her con- 
firmed decision, listing on the post-mortem waiting list, 
or the latter option with the possibility to donate, should 
the recipient condition deteriorate before a post-mortem 
graft is available. 

In order to respect the donor’s autonomy, it is the 
responsibility of the transplant professionals to develop 
efficient programmes of post-mortem liver donation to 
offer the parents a realistic choice. Live-donor liver 
transplantation can only be justified if all available 
resources for cadaveric transplantation (including split 
livers) are fully exploited [36]. Assessing a candidate for 
donation is a team approach, committing all members 
to making sure that the decision to donate is made 
freely. The donors must receive detailed, honest and 
complete information regarding the risks and benefits 
and the specific centre experience. Donors deserve 
attention, compassion, empathy and psychological 
support from the medical and nursing staff throughout 
the entire procedure of assessment, donation and fol- 
low-up. Donors must be treated as patients, with 
assiduous attention to alleviation of postoperative pain 
[361. 

Technical developments regarding the recipient 

Modifications to the original technique of orthotopic 
liver transplantation described by Starzl [ 11 aimed to 
reduce surgical complications and cope with peculiar 
anatomic situations. Segmental grafts require the pres- 
ervation of the recipient vena cava with piggyback 
implantation [38, 391 and wide anastomosis of the left 
hepatic vein ( f the median hepatic vein) to allow free 
venous drainage [40]. 

Arterial thrombosis plagued the early days of paedi- 
atric liver transplantation [41, 421; it was a major cause 
of patient morbidity and graft loss. Its incidence was 
drastically reduced by several measures, including a 
meticulous, (semi)-microscopic reconstruction tech- 
nique, a low haematocrit ( f 30%) during the early post- 
transplantation period, anti-platelet agents and a careful 
echographic follow-up. Combination of these preventive 
measures reduces the incidence of this dreadful compli- 
cation to a low <2% after transplantation of a left 
lateral segment from a live donor [36, 431. 

Portal vein thrombosis has been observed after all 
types of liver grafts; significant risk factors are patient’s 
low weight and small size of the portal vein, particularly 
in biliary atresia, which is often associated with hypo- 
plasia of the portal vein [44]. Its prevention depends 
primarily on appropriate surgical technique and the 
liberal use of a jump venous allograft or autograft im- 
planted on the superior mesenteric vein. Early portal 
thrombosis leads to graft loss if not repaired immedi- 
ately. Late thrombosis leads to extrahepatic portal 
hypertension, which is best corrected by a jump venous 
graft interposed between the superior mesenteric vein 
and the extrahepatic portion of the left portal vein 
(“meso-Rex shunt”) [45]. 

Biliary complications are frequent in paediatric liver 
transplantation. Anastomotic strictures seem to occur 
more frequently in left split grafts and left lateral live 
liver segments [46] (the most likely reason being ischae- 
mia of the cut section of the left hepatic bile duct). The 
aetiology of intrahepatic biliary strictures is multifacto- 
rial: prolonged cold ischaemia, insufficient rinsing and 
cooling of the intrahepatic biliary tree due to the vis- 
cosity of the UW solution, unsuspected arterial throm- 
bosis, immunological and viral (CMV) causes; all these 
can play a role [47]. Biliary strictures may become clin- 
ically manifest any time after transplantation, even in 
the long term (>  15 years). Clinicians must pay great 
attention to persisting anomalies of the cholestasis en- 
zymes, the slightest bout of suspected or obvious cho- 
langitis and/or the dilatation, even discrete, of the biliary 
tree on the ultrasound follow-up. 

Any of these observations is a compelling reason for 
investigating the bile ducts. Anastomotic strictures may 
not be left alone. According to the local expertise, per- 
cutaneous trans-hepatic dilatation [48] or straight sur- 
gical correction (which is our preferred option) should 
be performed promptly. Intrahepatic strictures are a 
therapeutic challenge. If they are not accessible to per- 
cutaneous dilatation, they lay the ground for repeated 
bouts of cholangitis, which can lead to biliary cirrhosis 
and graft loss. Long-term, indefinite, intermittent anti- 
biotic prophylaxis and ursodeoxycholic acid are indi- 
cated for slowing down this process. 

Selection of candidates and preparation 
before transplantation 

The excellent results obtained for years justify the early 
performance of liver transplantation without waiting for 
the end-stage of liver disease. The optimal preparation 
before transplantation requires a multidisciplinary ap- 
proach [49], including appropriate formulation [50] with 
either oral or enteral administration or, if needed, par- 
enteral nutrition, fat-soluble vitamins supplementation 
in cholestatic children, control of bleeding oesophageal 
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or gastric varices [51] and treatment of ascites and 
infections. 

Indications 

Cholestatic diseases 

In biliary atresia a consensus for a sequential strategy 
was accepted more than 10 years ago [52] .  Affected 
neonates require early surgery, hopefully before the age 
of 6 weeks, consisting of a standard Kasaiporto-enter- 
ostomy with a long (>50  cm) Roux-en-Y loop [53]. 
Should it fail to restore bile flow, a redo is no longer 
justified; instead, the infant should be referred promptly 
to an experienced liver transplant centre. When bile flow 
has been re-established, liver replacement will be re- 
quired sooner or later from the complications of the 
underlying liver disease: evolution toward biliary cir- 
rhosis; repeated bouts of cholangitis; portal hyperten- 
sion; growth failure; poor quality of life related to 
intractable pruritus, hepatopulmonary syndrome, which 
is reversible after transplantation [54, 551. Only a 
minority of patients will reach adulthood without liver 
transplantation [56]. 

In progressive familial intrahepatic cholestasis (PFIC), 
previously named Byler’s disease, an external biliary 
diversion can control cholestasis in non-cirrhotic chil- 
dren [57, 581; however, a stoma can be a psychological 
hurdle for schoolchildren. Otherwise, liver replacement 
can be required by intense jaundice and pruritus, growth 
failure and, occasionally liver failure and complications 
of portal hypertension. 

In syndromic ductular paucity (“Alagille’s syn- 
drome”), liver insufficiency is uncommon. Liver 
replacement should be considered in cases of poor 
quality of life related to jaundice, pruritus not 
responding to medical therapy, multiple xanthomas, or, 
more rarely, because of complications of liver cirrhosis 
and portal hypertension. Contrary to early reports, 
high right ventricular pressures do not contraindicate 
liver transplantation [59]. 

In-born errors of metabolism 

A When the enzyme deficit is limited to the liver (Crigler- 
Najjar’s disease, Wilson’s disease, alpha-I antitrypsin 
deficiency, urea-cycle disorders, primary hyperoxal- 
uria type I.. .) cure is complete after liver transplan- 
tation if it is performed early enough to prevent 
irreversible extrahepatic complications (such as 
neurological complications in Crigler-Najjar’s dis- 
ease). If the liver is normal but for the absence of an 
enzyme, the indications for liver replacement 
are based on poor quality of life, e.g. in Crigler-Naj- 
jar’s disease, where phototherapy becomes excessively 

constrainingin the growing child [60], or on extra- 
hepatic complications, as in primary hyperoxaluria 
type I (indication for combined liver-kidney trans- 
plantation, in order to avoid systemic oxalosis, when 
GFR falls to < 50 ml/min) [61]. When the enzyme 
deficit leads to liver cirrhosis (alpha-I antitrypsin 
deficiency, tyrosinaemia, Wilson’s disease.. .), liver 
failure is the indication for transplantation. How- 
ever, Wilson’s disease is commonly controlled by 
medical treatment, except in cases of fulminant 
presentation and, occasionally, severe liver disease 
[62]. Indication for liver transplantation in tyrosi- 
naemia has become uncommon since the introduc- 
tion of NTBC as an enzyme inhibitor [63, 641, 
although prevention of hepatocellular cancer is not 
yet guaranteed in the long term. 
When the enzyme deficit is generalised the indications 
for liver replacement are complex and need discus- 
sion on a case-by-case basis. 

Homozygous familial hypercholesterolemia is cured by 
liver transplantation [65].The time to proceed is dictated 
by the response to medical treatment (statins) but should 
precede the onset of cardiovascular complications. Im- 
proved long-term survival in cysticfbrosis has led to an 
increased incidence of extrapulmonary complications. 
Liver transplantation will tackle the complications of 
cholestatic cirrhosis without sparing the patient contin- 
ued respiratory care. Improvement of the nutritional 
status post-liver transplantation may slow down the 
evolution of the lung disease, although it is still a matter 
of debate [66]. 

Mitochondria1 respiratory-chain disorders may lead to 
neonatal or late liver failure, requiring liver transplan- 
tation. In rare cases the disease is restricted to the liver 
and the patient is cured after transplantation. More 
frequently, other organs are involved; therefore, pre- 
transplant assessment should aim to rule out neuro- 
muscular disease [67]. 

In glycogen storage disease type I, liver transplanta- 
tion is indicated ,when the dietary treatment fails, with 
poor metabolic balance and growth retardation [68], or 
when hepatic adenomas develop, with the possibility of 
neoplastic transformation [69]. It allows a long-lasting 
improvement in quality of life and correction of the 
growth failure, although it does not seem to prevent 
segmental glomerulosclerosis in the long term [68]. 

In glycogen storage disease type IV, death caused by 
heart failure due to persistence of myocardial deposits of 
amylopectin has been observed after liver transplanta- 
tion [70, 711. On the other hand, resorption of such 
deposits has been described in long-term survivors [72], 
which has been attributed to microchimerism [73]. The 
benefit resulting from liver replacement is limited in rare 
diseases such as organic acidurias, although it can be 
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spectacular regarding growth and quality of life, as we 
observed in one child; however, late renal insufficiency is 
not prevented. 

- 1988 to 1991 in = 189j - 1984 to 1987 (n = 76) 
I I I I I I I I I I 

Fulminant liver failure 

Liver transplantation is indicated in children presenting 
with hepatic encephalopathy associated with a decrease 
in the level of factor V to below 25% [74].The survival 
rate is in the range of 70%, without irreversible neuro- 
logical complications if a liver graft can be obtained 
promptly. In this regard, a large pool of potential do- 
nors with an efficient organ allocation system is essential 
for providing a graft within a short time; such is the case 
with Eurotransplant (approximately 120 million inhab- 
itants; median waiting time of 24 h for a patient regis- 
tered on the high-urgency waiting list). 

Malignant liver tumours 

Unresectable hepatocellular cancer is a poor indication 
for liver transplantation, with a survival rate as low as in 
adults ( < 20% at 5-year post-transplantation), except 
for the incidental tumour associated with a chronic, non- 
viral liver disease. Therefore, selection of candidates 
must remain stringent inasmuch as no efficient che- 
motherapy is available. The issue is completely different 
for hepatoblastoma, which is the most frequent malig- 
nant liver tumour in children. The cure rate of hepato- 
blastoma has been dramatically improved since the 
introduction of cisplatin [75, 761, although complete 
tumour resection remains a prerequisite for cure. Liver 
transplantation is a validated option for tumours that 
remain unresectable after completion of chemotherapy 
[77]. Lung deposits at presentation do not contraindicate 
liver transplantation if they clear after chemotherapy; 
any residue should be surgically resected before trans- 
plantation is performed. Extent into the major venous 
branches was the only statistically significant prognostic 
factor we found in a multivariate analysis of the world 
experience, although it does not contraindicate liver 
transplantation if radical excision is possible. The 6-10- 
year, disease-free survival rate after primary transplan- 
tation is in the range of 8O%, similar to that of patients 
who can be treated with a partial liver resection [76, 771. 

Life expectancy 

The long-term ( >  10 years) life expectancy approaches 
80% in experienced centres. The actuarial survival rate 
at 20 years of our cohort of 593 children (< 15 years) 
that received transplants between 1984 and 2003, all 
indications included, is 78.6%. Like other centres that 
started paediatric liver transplantation in the early 

1980s, we experienced a learning phenomenon, with a 5- 
year actuarial survival rate of 96.8% for the last 83 cases 
(2001-2003) (Fig. 1). The most spectacular progress was 
achieved in infants and young children (< 1 year), with 
long-term life expectancy similar to or even higher than 
in older children (Fig. 2); the best results are obtained 
with live, related-donor liver transplantation in both age 
categories. The overall patient survival rate in live re- 
lated transplantation was 86% for the first 57 cases 
(1993-1997) and 96% for the following 63 cases (1998- 
2003), with a low (<  3%) re-transplantation rate. The 
actuarial survival rate at 10-years was 90.3% for the 107 
children that had received a transplant from a live, re- 
lated donor (1993-2002), compared with 83.4% for the 
142 children who received a post-mortem liver trans- 
plant during the same period (Fig. 3). The difference was 
even more striking when the life expectancy was calcu- 
lated from the time of registration on the waiting list 
(which should be the rule since this is what matters for 
patients and parents): the 10-year actuarial survival rates 
were 87.8% and 71.7% for the recipients of a live, re- 
lated-donor liver graft (n = 1 10) or of a post-mortem 
graft (n  = 165), respectively. Differences of the same 
magnitude were observed for elective cases. Several 
centres have published similar results. 

Both split-liver transplantation and live, related-do- 
nor transplantation contributed to alleviate mortality of 
children on waiting lists [23, 281, but a debate persists 
regarding the best donor grafts to use in infants. Lim- 
iting the upper donor age is common sense for young 
paediatric recipients but is somehow arbitrary ( < 40-50 
years?), both for assuring graft quality and limiting the 
age difference between donors and recipients. Although 
the Bergamo group [78] reported that donor age >50  
years did not impact on the 3-year patient and graft 
survival rates, the use of livers procured from elderly 

loo: 
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Fig. 2 Survival curves of children < 1 year old, compared with 
children > 1 year old; living donors versus post-mortem donors 
(1993-2002) 

100l - Living Donors (n= 107) 95k- Same, including deaths on waiting list (n=1 10) -_ 
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Fig. 3 Survival curves of recipients of a live, related-donor 
transplant compared with those with a post-mortem donor graft. 
Survival calculated from the day of transplantation versus from the 
time of registration (1993-2002) 

donors is controversial in young children and infants 
who represent the majority of paediatric candidates. 
Indeed, a 3-year follow-up is much too short to assert 
that older donor age will not have an impact on the very 
long-term (> 30 years) outcome that should be the aim 
in paediatric recipients. Indeed, the analysis of the 
UNOS data (1992-1997) [79] showed a significantly 
( P  < 0.001) higher graft survival rate in children who had 
received their graft from paediatric-aged donors than in 
children who had received their graft from > 1 %year old 
donors (81% versus 63%). The Groningen group [80] 
also observed that older donor age was a risk factor for 
late graft loss. For recipients aged < 2 years, the analysis 
of the US Scientific Registry of Transplant Recipients 
database disclosed that live, related-donor transplanta- 
tion provides superior graft survival then cadaveric 
transplants, whether full-size or split grafts [8 11. Inde- 

pendently of the donor age, the quality of the graft 
parenchyma makes the fundamental difference between 
partial grafts derived from living donors (LDs) and split- 
liver transplants (SLTs), as revealed by the specific 
patterns of complications and the incidence of primary 
non-function (PNF) [23]. In this report about their 
experience with in situ split-liver transplantation, ac- 
quired between September 1991 and February 2003, the 
UCLA group compared the incidence of complications 
and the patient and graft survival rates observed in 93 
paediatric recipients who received a split graft [left 
lateral segment (SLT-LLS)] with those observed in 43 
recipients of an LD graft (LD-LLS) and in 207 recipients 
of paediatric whole-organ transplants (FSs). The inci- 
dence of biliary complications among SLT-LLS, LD- 
LLS and FS was similar (9”/0, 12%, and lo%, respec- 
tively). Hepatic artery thrombosis was observed in 7%, 
18%, and 13 Yo, respectively. Portal vein thrombosis 
occurred in 8% of SLT-LLS and 11 % of LD-LLS. PNF 
was significantly increased among SLT-LLS recipients: 
8.5% compared with 2% in LD-LLS and 3.4% in FS 
(all grafts required re-transplantation). The increased 
incidence of acute complications among SLT-LLS 
recipients resulted in a lower graft survival curve: the 
3-year graft survival rates were 64%, 71%, and 73% in 
recipients of SLT-LLS, LD-LLS, and FS, respectively. 
Recipient survival for each type of graft followed a 
similar trend, with a 3-year recipient survival rate of 
75% in SLT-LLS, compared with 84% for LD-LLS and 
81% for FS. Comparison of overall recipient survival 
between graft types, when stratified by UNOS status at 
transplantation, revealed no significant differences. The 
absence of significant differences in patient and graft 
survival in this otherwise remarkable series might be 
attributed to the less-than-optimal results obtained with 
LDs. 

Our group has showed that liver transplantation (LT) 
from a live donor (LD) provides significantly better graft 
survival than transplantation from a post-mortem donor 
(PMD) [82].The outcome was compared between 100 
LDs and 136 PMDs performed between July 1993 and 
April 2002. The median recipient age (range) at LT was 
1.0 year (0.4-13.1) in the LD group versus 2.4 years 
(0.2-14.9) in the PMD group. The actuarial 5-year pa- 
tient survival rate was 92% in the live, related-donor 
(LRD) group versus 85% in the PMD group [not 
significant (NS)]. The 5-year graft survival rate was 89% 
in the LDs versus 77% in the PMDs (P=O.O27). The 
re-transplantation rate was 3% in the LD group versus 
1 1 YO in the PMD group (P = 0.022). The rate of vascular 
complications (arterial or portal thrombosis) leading to 
graft or patient loss was 2% in the LD group versus 7% 
in the PMD group. 

Taking the published results of live, related-donor 
liver transplantation and post-mortem liver transplan- 
tation (whatever the technical modalities) together, one 
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may conclude that live, related-donor liver transplanta- 
tion (LRLT) from a parental donor offers the ideal 
option to the paediatric recipient with regard to the 
long-term outlook. This strategy is supported by the 
experience that donation of a left lateral segment by a 
healthy adult is unquestionably the safest type of liver 
donation [36, 831. 

Except for that for malignant tumours, long-term 
life expectancy does not depend any longer on the 
disease’s requiring transplantation. Results obtained in 
biliary atresia in 1993-2002 [84] were among the best 
[lo-year survival rate of 95.6% for living donors 
(n=72) and 89.2% for post-mortem donors (n=76) 
(Fig. 4)]. Combined results of porto-enterostomy and 
liver transplantation have drastically improved the 
outcome of biliary atresia, which was always lethal in 
early childhood less than 40 years ago [85]. In meta- 
bolic diseases, survival rate obtained in 94 children was 
89.2% beyond 10 years; the best results were obtained 
in alpha-1 antitrypsin deficiency (all eight children that 
had been given transplants by our group and all 21 
children that had received transplants at King’s College 
[86] survived) and in PFIC (10-year survival rate of 
97.4% in 39 children). 

In a multivariate analysis performed on 500 consec- 
utive children that had received a transplant between 
1984 and 2000 1111, only three factors were found to be 
independently correlated with better patient survival: 
year of transplantation (learning curve effect; P= 0.001), 
pre-transplant diagnosis ( P  < 0.001, worst results for 
liver tumours) and ABO incompatibility (P < 0,001). 
Similarly, three factors were independently correlated 
with better rejection-free graft survival: tacrolimus as 
primary immunosuppressant (P < 0.001), a negative 
T-cell cross-match (P=0.016) and younger age of the 
donor (P<O.OOl); the meaning of the impact of the 
young age of the donor on the rejection rate is unclear. 

Medical complications 

The drawback of heavy immunosuppression is a high 
incidence of infections in debilitated children and a 
significant risk of lymphoproliferative disorder (PTLD). 
Improvement of nutritional status before transplanta- 
tion and reduction of immunosuppression, including 
reduction, withdrawal or even withholding of steroids 
(see below) have diminished the incidence and severity of 
bacterial, viral and mycotic infections. Although the 
frequency of EBV-related PTLD remains a concern, 
mostly in EBV-negative recipients [87, 88, 891, major 
progress has been achieved in its early detection and 
follow-up (quantitative RNA and counting of 
EBV-specific toxic CD8) and its treatment (anti-CD20 
MoAb) [90]. Thanks to these measures, we have not lost 
any patient to PTLD for many years. 

I - BIAT - Cadauxic Donors (n=76) 
, Same. including deaths cm wailing hst (n=t!8) 
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Fig. 4 Survival curves of biliary atresia patients; living donors 
versus post-mortem donors (1993-2002) (BIA T biliary atresia) 

The two major immunosuppressive agents, cyclo- 
sporine and tacrolimus, incur risks of nephrotoxicity and 
neurotoxicity, the consequences of the latter, with regard 
to cognitive development, remaining poorly appreciated. 
Tacrolimus has emerged as the first choice in paediatric 
liver transplantation [ 1 1, 9 11. Through experience gained 
during the past decade, we learned that the trough level 
initially recommended for tacrolimus was much too high. 
Currently, we keep the trough level at 10-12 ng/ml or 
below during the early post-transplant period and 
between 6 ng/ml and 8 ng/ml after 3 months post- 
transplantation. In the long term, beyond the first 
post-transplantation year, we allow the trough level to 
drop below the therapeutic range (< 6 ng/ml) if the graft 
is well tolerated; more recently, we adopted a similar 
policy from the seventh post-transplant month. Such a 
strategy minimises the risk of nephrotoxicity and 
neurotoxicity and virtually eliminates the risk of the 
patient’s developing insulin-dependent diabetes mellitus, 
in the absence of other risk factors such as cystic fibrosis. 
Moreover, it is likely to be favourable to the establish- 
ment of operational tolerance [92]. 

Whether LRLT has an immunological advantage, 
compared with cadaveric liver transplantation (CLT), 
regarding the incidence of rejection, remains controver- 
sial [93]. Toyoki et al. [94] found no difference in acute 
rejection incidence in the first year post-transplantation 
between 51 LRLTs and 37 CLTs. However, they ob- 
served a significant reduction of rejection in the LRLT 
group after 1 year post-transplantation and a more 
successful reduction of immunosuppression in this 
group. Other studies have confirmed that there was no 
difference in acute rejection [95, 96,971. Alonso et al. [96] 
observed that LRLT recipients are less likely than CLT 
recipients to develop steroid-resistant rejection or duc- 
topenic rejection. Gupta et al. [98] also observed a sig- 
nificant reduction in chronic rejection in LRLT children. 
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Autoimmune hepatitis has been described after pae- 
diatric liver transplantation [99]. In our centre [loo] 1 1 
patients out of 471 (2.5%) that received transplants 
between 1984 and 1998 were found to have autoimmune 
hepatitis during their follow-up; none had had previous 
autoimmune liver disease. These patients had a history 
of steroid-dependent hepatitis with variable degree of 
portal and lobular inflammation, piecemeal necrosis and 
bridging collapse. All patients had high concentrations 
of IgG (median 1,365 mg/dl) and high titres of autoan- 
tibodies. They did not respond to increasing dosage of 
cyclosporine (n  = 10) or tacrolimus (n  = 1). Eleven re- 
ceived steroids (prednisolone 2 mg/kg per day, then ta- 
pered) and azathioprine (1.5 mg/kg to 2.5 mg/kg per 
day). AST and ALT levels of all patients had normalised 
within 3 months. Three patients had a mild-to-moderate 
relapse, with increase of ALT, thereafter. Systematic 
screening for autoimmune markers is recommended in 
children with a liver transplant. Autoimmune hepatitis 
should be considered in children with persisting abnor- 
mal levels of transaminases and/or showing a histolog- 
ical picture of “unspecific” hepatitis. 

Quality of life 

The survival curves of liver-transplant children remain 
remarkably stable beyond the first post-transplantation 
year (Fig. 1) in contrast to those obtained in liver- 
transplant adult patients, one reason being that relapse 
of the original liver disease is exceptional in children. 
The majority of children surviving >5-10 years post- 
transplantation are expected to enjoy a life expectancy 
close to normal (the current longest survival time is 37 
years [lOl]).Therefore, studying their quality of life has 
become a top priority with regard to their growth, psy- 
chosocial development, academic achievement, employ- 
ment and sexuality. 

A comprehensive review of the literature between 
1966 and 2001 has been recently published [102]. 

Growth retardation is a common complication of 
chronic liver diseases, most often related to malnutrition 
[49, 1031. It is corrected after transplantation, although, 
in some children, the growth velocity remains slower 
than normal for several years. A study has shown that 
the growth catch-up was closer to normal in children 
aged younger than 24 months at transplantation than in 
children older than that [104]. This study concluded that 
early transplantation of children who show growth 
retardation is optimal for restoration of growth poten- 
tial. In diseases such as Alagille’s syndrome and PFIC 
[105], the growth potential can be genetically limited. 
Post-transplantation growth catch-up is impaired by 
steroids; this impairment is reduced by dosing of steroids 
on alternate days [lo61 or their withdrawal [107, 1081 
and is avoided by steroid withholding. In a pilot study, 

our group has shown that induction with tacrolimus and 
an anti-IL2 receptor Moab allows growth catch-up to 
start as soon as the second semester after transplanta- 
tion [109]. The administration of growth hormone is 
very rarely indicated in liver transplantation [110]. 

Cognitive development Retardation of the cognitive 
development is characteristic of chronic liver insuffi- 
ciency; it was reported to be more common in children 
that had received transplants than in the general popu- 
lation [l 1 11, but controlled studies are lacking and spe- 
cific risk factors have not been clearly identified. In one 
study, learning disabilities have been found in 26% of 
the children [l 1 I]. In contrast, our own study suggested 
that liver transplantation does not substantially affect 
schooling [l12]. The mental abilities of children with li- 
ver transplants tend to improve over time [113]. 

Psychosocial development 

Psychosocial assessments after liver transplantation 
have showed that 50% or more of children have adverse 
psychological reactions, or behavioural or emotional 
disturbances [114]. The observations we made in 146 
patients aged 4-25 years, who had received a liver 
transplant 2-12 years previously, were less pejorative 
[112, 1151. 

As recommended by Fine et al. [ 1021, multicentric 
longitudinal studies are required to clarify these three 
issues, which have an important potential impact on the 
quality of life. 

Future directions 

From the technical perspective, all types of surgical 
procedures seem to have been explored. The natural 
history of most liver diseases is well known, and the 
potential of liver transplantation has been ascertained 
with regard to life expectancy. Therefore, the timing of 
transplantation must be anticipated, to reduce the 
physical, psychological and mental impact of chronic 
liver diseases. Since the shortage of post-mortem donors 
will most likely worsen, further development of live, 
related-donor liver transplantation can be expected un- 
less split-liver transplantation expands much further 
than currently [29]. The profile of the post-mortem do- 
nor as becoming older, and an increasing proportion of 
“marginal” donors, means that fewer donor livers will 
be available for safe splitting. However, prospective 
studies will be needed to confirm the superiority of live- 
donor transplantation with regard to quality of life, both 
for recipients and their families [116]. 

The main progress to come will concern immuno- 
suppression. Tacrolimus is, nowadays, the first choice, 
both for the lower incidence of acute rejection and 
the lower prevalence of side effects compared with 
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cyclosporine [9 11. In particular, the absence of cosmetic 
side effects of tacrolimus is of paramount importance in 
children, as well as the more discrete disturbance of the 
lipid profile. Studies performed in human renal trans- 
plantation have shown a correlation between the genetic 
polymorphism of CYP3A and the blood trough level of 
tacrolimus [I 17, 1181. Genetic typing of the recipient 
(and of the donor in liver transplantation, since the 
CYP3A is of donor origin) would allow a tailoring of the 
dosage to the patient phenotype with minimisation of 
the side effects, including nephrotoxicity. Indeed, it has 
been shown that the frequency of renal dysfunction re- 
lated to calcineurin inhibitors is reduced in patients with 
the ABCBl genotype of the multidrug resistance trans- 
porter [119]. 

Spontaneous reversibility of acute rejection, de- 
scribed in several animal models and occasionally ob- 
served in humans, absence of impact of acute rejection 
on graft survival, and operational tolerance observed in 
some children who discontinued immunosuppression 
testify to the immunological privilege of the liver. These 
observations have led to a significant lightening of the 
immunosuppressive regimens from the induction phase. 
Protocols of early withdrawal of steroids have been 
validated [lo& 1201. A recent study, which still needs 
confirmation in a larger cohort of patients, suggests that 
steroid-free immunosuppression is safe with regard to 
the incidence of rejection, while it greatly facilitates the 
postoperative course and allows early growth catch-up 
[ 1091. The mandatory withdrawal of immunosuppres- 
sion dictated by PTLD has revealed that immunosup- 
pression does not have to be resumed in every patient, as 

observed by several groups, including ours (in our 
experience, the longest follow-up of such a patient off 
immunosuppression because of a previous PTLD is 17 
years). 

These observations of “operational tolerance” con- 
stituted the basis for the development of protocols of 
progressive withdrawal of immunosuppression in Pitts- 
burgh [101, 1211 and Kyoto [122]; complete withdrawal 
was successfully achieved in 19% and 38%, respectively. 
Besides the necessity to re-intensify the medical follow- 
up in patients who used to see the transplant doctor once 
in a while, this approach is not without risk of triggering 
acute rejection, which was actually seen in approxi- 
mately 25% of patients enrolled in both studies, fortu- 
nately without graft loss. The ultimate evolution is the 
clinical application of tolerance-induction protocols in 
organ transplantation, as initiated at the University of 
Pittsburgh [123]. The early results are impressive, feed- 
ing the hope that the “holy grail “ is within reaching 
distance. 

Preliminary results obtained with hepatocyte trans- 
plantation in a few cases of metabolic diseases [124] and 
fulminant hepatitis [ 1251 are encouraging. Further re- 
search is needed to confirm the long-term efficiency and 
define the curative or palliative role (as a bridge to liver 
transplantation) of this approach. 
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