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Abstract

Background: Liver transplantation is now routine therapy for a variety of child-
hood liver diseases; however, there are no detailed reports of long-term results
from a Canadian centre. We reviewed data from the first 16 years of a pediatric
liver transplantation program to determine survival, complications and long-
term outcomes.

Methods: The outcomes to December 2000 for all children (age less than 18 years)
who received a liver transplant at the London Health Sciences Centre between
April 1984 and December 1999 were reviewed. The recipients were grouped
according to the period in which they received the transplant (period 1, April
1984 to July 1988; period 2, August 1988 to December 1993; or period 3, Janu-
ary 1994 to December 1999). Data were obtained from medical charts; in-
person interviews, questionnaires or telephone contact with patients and their
families; contact with referring physicians; and school records. Outcome mea-
sures included patient survival, retransplantation, complications and long-term
outcomes (specifically steroid withdrawal and growth and development).

Results: A total of 116 children (29 in period 1, 46 in period 2 and 41 in period 3)
(median age 5.6 years at the time of the procedure) received a total of 140 liver
grafts (32 in period 1, 57 in period 2 and 51 in period 3). Of the 116 patients,
23 (20%) were less than 1 year old at the time of transplantation. Biliary atresia
was the most common indication for liver transplantation (57 [49%] of the 116
patients). The number of patients surviving to 1 year after transplantation was 20
(69%) of the 29 patients from period 1, 40 (87%) of the 46 patients from period
2 and 38 (93%) of the 41 patients from period 3. The percentage of patients re-
ceiving reduced size grafts from adult donors, including live donors, increased
from 2/32 (6%) in period 1 to 22/51 (43%) in period 3. Retransplantation was
required for 9 (31%) of the 29 patients from period 1, 6 (13%) of the 46 patients
from period 2 and 7 (17%) of the 41 patients from period 3. Among these pa-
tients, 1-year survival was 33% (3/9) for period 1, 83% (5/6) for period 2 and
100% (7/7) for period 3. Eighteen of the 22 deaths occurred within 4 months af-
ter surgery. Only 3 (3%) of the 116 patients experienced post-transplant lym-
phoproliferative disease. Steroids were discontinued (usually within 2 years after
surgery) for the following proportions of surviving transplant recipients: 17
(89%) of the 19 patients from period 1, 29 (78%) of the 37 patients from period
2 and 21 (55%) of the 38 patients from period 3. Most of the surviving patients
had normal growth (82/94 or 87%) and development (73/94 or 78%), and these
outcomes were consistent across the 3 periods of study.

Interpretation: Survival and long-term outcomes continue to improve for most
children who receive liver transplants. These improvements may be due to im-
proved surgical technique, perioperative care and, to a lesser extent, immuno-
suppressive therapy.



Pediatric liver transplantation is now routine therapy
for irreversible acute or chronic liver disease and
many inborn errors of metabolism.1–3 Because of

donor shortages, some Canadian children still die while
awaiting transplantation (there were 21 such deaths in the
period 1998–2000), but approximately 40 children receive
livers each year in Canada, including 8 to 15 annually in
London, Ont. As the number of children surviving such
surgery increases, it becomes increasingly likely that some
of them will be cared for, at least in part, by family physi-
cians. Currently, about 1% of primary care physicians
could encounter a child who needs or has received a liver
transplant, but there is a paucity of information regarding
the long-term outcomes of pediatric liver transplantation
in Canada.

Pediatric liver transplantation was first performed at
the University of Western Ontario in 1984 as part of a
combined adult–pediatric program.4,5 Many of these chil-
dren are now in their second decade after surgery, and we
report here results for more than 100 children who un-
derwent transplantation between 1984 and 1999 with re-
spect to their characteristics, processes of care, survival,
complications and long-term outcomes (specifically
steroid withdrawal and growth and development), and any
effects related to the period in which they underwent
surgery.

Methods

Subjects

The London Health Sciences Centre is the principal pediatric
liver transplant referral centre for the Atlantic provinces, Mani-
toba and British Columbia, as well as southwestern Ontario. Chil-
dren less than 18 years of age who received a liver transplant be-
tween initiation of the pediatric program, in April 1984, and
December 1999 were included in this review; those who received
combined liver and bowel transplants or multiorgan transplants
were excluded. Approximately 75% of the patients described here
were from outside Ontario. In addition to reviewing the overall
data, we examined the results for children less than 1 year of age
at transplant and those who received living-related liver 
transplants. 

After obtaining permission from parents or guardians, we
gathered long-term data for this report from medical charts; in-
person interviews, questionnaires or telephone contact with pa-
tients’ families; contact with referring physicians; and school
records. The results of any formal developmental or psychological
testing were also reviewed.

All aspects of the pediatric liver transplant program, including
this study, were approved by the ethics review board of the Lon-
don Health Sciences Centre or the University of Western On-
tario (or both).

Immunosuppression

For this review, patients were divided into 3 groups on the ba-
sis of the period in which they received their transplant, to allow

comparison of the effects of the immunosuppression they received
and improvements in surgical techniques and in preoperative and
postoperative care.

Patients in all 3 groups received cyclosporine, steroids and aza-
thioprine. In addition, patients who underwent surgery in period
1 (April 1984 to July 1988) received antilymphocyte globulin, a
polyclonal preparation against T lymphocytes, and those who un-
derwent surgery in period 2 (August 1988 to December 1993) re-
ceived muromonab-CD3 (OKT3), a mouse monoclonal antibody
against the CD3 complex of T lymphoctyes. Patients who under-
went surgery in period 3 (January 1994 to December 1999) did
not receive any additional immunosuppression. Since 1997 se-
lected patients have received tacrolimus instead of cyclosporine,
usually for recurrent rejection. Both cyclosporine and tacrolimus
have potential toxic effects, including renal effects. To minimize
nephrotoxicity, cyclosporine was given in 3 divided doses.6,7 Im-
munosuppression in general has a number of side effects, includ-
ing increased risk of infection and post-transplant lymphoprolifer-
ative disease (PTLD); therefore immunosuppression was
decreased as quickly as feasible. Steroids were weaned and discon-
tinued by 1 year after transplantation (if the patient could tolerate
the discontinuation), and azathioprine was weaned and discontin-
ued by 2 years.

All patients received antibiotic prophylaxis at the time of trans-
plantation. Since 1990, cytomegalovirus (CMV) prophylaxis, in
the form of a gamma globulin product and oral acyclovir or ganci-
clovir, has been given.

Types of liver transplantation

Children received either a whole graft (usually from a pediatric
donor) or a reduced-size graft consisting of the left or left lateral
lobe (usually from an adult donor). Reduced-size grafts from ca-
daveric or live donors were used to increase the number of grafts
available for pediatric transplants. In some instances, a single ca-
daveric graft could be used for 2 recipients, the right lobe being
placed in an adult recipient and the left lobe in a child; these grafts
are called split-liver grafts.

Outcome measures

For each period, patient survival and short-term and long-
term complications were reviewed. The data included causes of
death, surgical problems, retransplantation, infection, rejection,
renal dysfunction and PTLD. Long-term outcomes included dis-
continuation of steroids and growth and development (including
school performance). 

Rejection episodes were confirmed, whenever possible, by liver
biopsy and were treated with pulse steroids. Steroid-resistant re-
jection was treated with an antilymphocyte product, and, from
1997 onward, patients with recurrent rejection episodes were
switched from cyclosporine to tacrolimus. 

Renal function was assessed, before or after liver transplant (or
both), by serum creatinine levels and, since 1995, by glomerular
filtration rate as determined by radioactive tracer.8,9

Statistical analysis

Descriptive analyses were used for most of the data. Patient
survival was also calculated by the Kaplan–Meier method.
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Results

From December 1977 to December 1999, 924 liver
transplantations were performed at the London Health
Sciences Centre; this total included 140 grafts transplanted
in 116 children, beginning in April 1984 (Table 1). Most of
these pediatric patients had biliary atresia (57 or 49%), and
29 (75%) of them came from outside of Ontario (Table 1).

Most of the procedures involved whole grafts (Table 2).
The proportions of reduced-size, split-liver and living-
related grafts increased in period 3 (Table 2).

Survival and deaths

Actuarial patient survival (Fig. 1) was comparable to actual
patient survival (Table 2). Patient survival improved continu-
ously, and for period 3 actual 1-year survival was 38/41
(93%). Survival in all groups was stable beyond 6 months.
The survival of infants also improved over time (Table 2). For
the 23 infants (median age 9 [range 3 to 12] months) who re-
ceived liver transplants, 1-year actual survival was 19/23

(83%). During 1998 and 1999, 10 infants received liver trans-
plants, and all were alive and well at the time of writing; these
results indicate further improvements in outcome for these
young children. Similarly, the length of stay in the intensive
care unit (ICU) and in hospital declined over time (Table 2).

Beginning in 1993, 8 children (7 to 12 months of age)
received a transplant from a parent donor. The age of
donors ranged from 20 to 41 years, and their time in hospi-
tal was short (mean 6 days). Of the recipients, 1 child died
15 months after surgery (because of septicemia) and the
other 7 children were well at the time of writing.

In total, 22 (19%) of the children died. One child, who
was on life support and was in a deep coma, died during the
transplant procedure itelf. Eight (36%) of the deaths oc-
curred within the first week after transplantation, and 18
(82%) within 4 months (Table 3). Only 4 deaths occurred
more than 1 year after surgery. Two of these, in children
who had undergone splenectomy, were due to septicemia
and occurred despite appropriate prophylaxis. A child with
cystic fibrosis died of pneumonia 8.3 years after the trans-
plant procedure. The fourth death occurred 14 years after
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Table 1: Characteristics of 116 children who received liver transplants at the London Health Sciences Centre from 1984 to
1999

Characteristic Overall

Period 1
(Apr 1984 to
July 1988)

Period 2
(Aug 1988 to
Dec 1993)

Period 3
(Jan 1994 to
Dec 1999)

No. of patients 116 29 46 41
No. of transplant procedures 140 32 57 51
Sex
No. of girls 52 15 14 23
No. of boys 64 14 32 18
Age, yr
Median 5.6 7.0 2.0 3.0
Range 0.2–17.9 0.6–17.9 0.6–16 0.2–15

No. of infants ≤ 1 yr 23 3 8 12

Follow-up period, yr
Median 9.1 13.5 10.4 3.7
Range 1.2–16.7 12.5–16.7 7.5–12.3 1.2–6.7
Indications for transplant, no. (and %) of patients
Biliary atresia 57 (49) 17 (59) 24 (52) 16 (39)
Autoimmune hepatitis 14 (12) 5 (17) 3 (6) 6 (15)
Metabolic disorder 11 (9) 2 (7) 6 (13) 3 (7)
Fulminant liver failure 10 (9) 1 (3) 4 (9) 5 (12)
Alagille’s syndrome 7 (6) 1 (3) 2 (4) 4 (10)
Other* 17 (15) 3 (10) 7 (15) 7 (17)
Geographic origin, no. (and %) of patients
Atlantic provinces 36 (31) 6 (21) 15 (33) 15 (36)
Ontario 29 (25) 10 (34) 9 (20) 10 (24)
Manitoba 23 (20) 7 (24) 8 (17) 8 (20)

Alberta and British Columbia† 23 (20) 5 (17) 12 (26) 6 (15)

Other‡ 5 (4) 1 (3) 2 (4) 2 (5)

*Cystic fibrosis (3), progressive intrahepatic cholestais (3), neonatal hepatitis (3), cryptogenic cirrhosis (2), histiocytosis (2), sclerosing cholangitis (2), hepatoblastoma (1) and congenital hepatic
fibrosis (1).
†The London Health Science Centre was originally a referral centre for Alberta patients, but this province now has its own transplant program.
‡Other Canadian provinces and territories, as well as Japan, the Philippines and Argentina.



initial liver transplantation for autoimmune hepatitis. This
patient underwent 2 retransplantations for recurrence of
disease, but a third retransplanation was not performed. 

Other complications

Complications other than death are summarized in
Table 4.

In general, surgical complications were few, and their
frequency decreased over time (Table 4). Hepatic artery
thrombosis occurred in 11 (8%) of the 140 grafts; 6 of the
affected children underwent retransplantation, and 2 died
while awaiting this procedure. Portal vein thrombosis oc-
curred less than 1 year after transplantation in 9 (6%) of
the 140 grafts; retransplantation was required in 4 cases.
Biliary tract problems occurred in 20 (14%) of the 140
grafts. Of these, 8 required reoperation, and retransplanta-
tion was performed in 5 cases. Other surgical complications
included primary nonfunction of the graft (3/140), bowel
perforation (4/140) and abscess (5/140).

Surgical complications occurring more than 1 year after
the procedure were infrequent. Portal vein thrombosis de-
veloped more than 3 years postoperatively in 6 children.
Three of these patients underwent splenectomy and re-
ceived splenorenal shunts and have subsequently done well.
Late biliary stricture developed in 6 children; 4 of these re-
quired reoperation. Three other children required surgery
for bowel obstruction.

Common respiratory complications included pulmonary
edema and pleural effusion (Table 4); others occurred in-
frequently. Pulmonary edema was more common in pa-
tients who underwent transplantation in period 2 and who
received the immunosuppressive agent muromonab-CD3.

Infectious episodes were common (Table 4), most oc-
curring early, during the period of maximum immunosup-
pression. Although most other transplantation programs
administer prophylaxis against Pneumocystis carinii, our pro-
gram does not; nonetheless, there were no cases of P. carinii
infection. Seventeen (12%) of the 140 transplants were af-
fected by CMV infections; 5 of these patients died. All
CMV-related deaths and 11 of the 17 cases occurred before
initiation of routine prophylaxis with gamma globulin and
acyclovir or gancyclovir.

Most infections occurring more than 1 year after trans-
plantation did not necessitate admission to hospital (upper
respiratory tract infections, otitis media and gastroenteri-
tis), and most of those that did were due to varicella zoster
virus. Thirty-one (32%) of the 98 patients who survived
more than 1 year were admitted for intravenous treatment
with acyclovir or varicella zoster immune globulin therapy
(or both). Two other children were admitted for septic
shock; one of these had previously undergone splenectomy.

Acute rejection within the first year after surgery was
common (Table 4); as previously reported,10 the rates were
similar for periods 1 and 3 and higher among patients who
received muromonab-CD3 in period 2. Most cases of re-
jection responded to steroid therapy. Frequently, there was
more than one episode of acute rejection per graft. Chronic
rejection occurred in 2 patients, 1 of whom underwent re-
transplantation; at the time of writing, the other patient
was awaiting retransplantation.

Acute rejection more than 1 year after surgery was less
common (Table 4). Among patients who underwent trans-
plantation in period 1, 4 episodes of late rejection occurred in
teenagers, and noncompliance with immunosuppressive ther-
apy was suspected. Among those who underwent surgery in
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Table 2: Processes of care and patient survival

Care or survival Overall

Period 1
(Apr 1984 to July

1988)

Period 2
(Aug 1988 to Dec

1993)

Period 3
(Jan 1994 to Dec

1999)

Type of graft, no. (and %) of grafts

Whole 111/140 (79) 30/32 (94) 52/57 (91) 29/51 (57)
Reduced-size 17/140 (12) 2/32 (6) 4/57 (7) 11/51 (22)
Split-liver 4/140 (3) 0 0 4/51 (8)
Living-related 8/140 (6) 0 1/57 (2) 7/51 (14)
Survival and retransplantation, no. (and %) of
patients
Actual survival at 1 yr 98/116 (84) 20/29 (69) 40/46 (87) 38/41 (93)
No. of patients receiving a second transplant 22/116 (19) 9/29 (31) 6/46 (13) 7/41 (17)
Actual survival at 1 yr of patients receiving a second
transplant 15/22 (68) 3/9 (33) 5/6 (83) 7/7 (100)
Actual survival at 1 yr of infants* 19/23 (83) 2/3 (67) 6/8 (75) 11/12 (92)
Median length of stay (and range), days
In ICU 6 (1–68) 7 (2–65) 6 (3–68) 5 (1–40)
In hospital 34 (9–140) 43 (3–140) 34 (3–106 ) 17 (9–98)

Note: ICU = intensive care unit.

*Infants were those ≤ 1 year old at the time of transplantation.



period 2, 4 episodes of acute rejection occurred after weaning
from steroids, and 1 episode occurred 3 years after liver trans-
plantation, in a patient for whom all immunosuppression was
withheld for 1 week after a presumed drug overdose. Parental
noncompliance was suspected in 2 of the 4 episodes that oc-
curred in patients who underwent surgery in period 3.
Chronic rejection occurred in 3 patients more than 1 year af-
ter transplantation; 2 of these patients underwent retransplan-
tation and the other was stable at the time of writing.

Only one child required dialysis after transplantation
(for 1 week), although for 10 (7%) of the 140 transplants,
the patients experienced transient renal insufficiency.
Long-term renal function was tested in 93 patients; in 81
(87%) of these, serum levels of creatinine were normal, but
glomerular filtration rate was reduced in 57 (81%) of the
70 patients in whom it was assessed. No patients experi-
enced renal failure more than 1 year after transplantation.

Retransplantation was required in 22 of the 116 patients
(Table 2). The proportion of patients needing retransplan-
tation declined in periods 2 and 3, and their survival in-
creased dramatically: all 11 patients who have undergone
retransplantation since 1993 have survived. Two patients
originally treated in period 1 underwent a total of 3 trans-
plant procedures; both of these children have died. 

Only 3 patients (3%) experienced PTLD, 5, 6 and 8 years
respectively after their transplant procedures (Table 4). All 3
had received additional immunosuppression for steroid-
resistant rejection. Two were positive for Epstein-Barr virus
(EBV), and EBV status was unknown for the third. Therapy
for PTLD included reduced immunosuppression in all 3 pa-

tients and chemotherapy in 2. One of these children experi-
enced acute liver failure of unknown cause 11/2 years after the
chemotherapy and underwent successful retransplantation.
At the time of writing, this child had survived for 2 years
with no evidence of recurrent PTLD.

Other complications in the early post-transplant period
(Table 4) included seizures, which were often associated with
metabolic derangements such as hyperkalemia, hypocalcemia
and hypomagnesemia; only the hypomagnesemia persisted,
and supplementation was often required. These conditions
were likely due to a combination of cyclosporine side effects
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Fig. 1: Actuarial patient survival (Kaplan–Meier method) according to the period when
transplantation was performed. For period 1 there were 29 patients, for period 2 there
were 46 patients, and for period 3 there were 41 patients.
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Table 3: Causes of death in children who died less than 4
months after transplant surgery

Cause No. of
patients

Rejection* 5
Primary nonfunction 2
Cytomegalovirus infection* 2
Septicemia 2
Cerebral edema 2
Intraoperative death 1
Hepatic artery thrombosis 2
Portal vein thrombosis 1
Gastroenteritis and dehydration (at home) 1
Recurrence of disease 1

Total†    18

*One of the patients with rejection also had cytomegalovirus infection.
†Two of these patients had undergone retransplantation, and their deaths occurred
within 4 months after the second transplant procedure.



and the transplant itself. Hypertension was observed in most
patients immediately after the surgery, but by 1 year most
patients were normotensive and did not require antihyper-
tensive therapy. The hypertension was likely due to a combi-
nation of high-dose steroid and cyclosporine.

Long-term outcomes

Ninety-eight children survived at least 1 year, and 94 of
those were alive in December 2000, including 40 who had
reached their second decade after transplantation. The
long-term outcome data for these 94 children are summa-
rized in Table 5.

The growth of most children was between the 3rd and
97th percentiles for age (Table 5). Those whose growth
was very much less than the 3rd percentile had another
problem accounting for their short stature, such as familial
short stature, severe neurological impairment or Alagille’s
syndrome.

Intellectual development was also satisfactory. Up to
December 2000, 9 of the 94 of children were of preschool
age. For all but one of the preschoolers, parents, child care
workers and pediatricians felt that development was appro-
priate. The child with developmental delay was receiving
special help consisting of physical and speech therapy. 

Most of the school-age children were considered normal
by their parents, school officials and pediatricians. In a
number of cases, even though development was felt to be
appropriate, the children needed additional instruction,
usually in mathematics. Two school-age children were de-
layed in 1 or 2 or more areas and required special academic
help. Three of the children were grossly delayed and had
suffered an identifiable neurological insult in the peritrans-
plant period.

Most of the patients who survived more than 1 year after
transplantation had their steroid immunosuppression dis-
continued, although in some cases the drugs were restarted
because of rejection (Table 5). Of the 27 patients still re-

Atkison et al

1668 JAMC • 25 JUIN 2002; 166 (13)

Table 4: Selected early and late complications of pediatric liver transplantation*

Period; no. (and %) of patients

Complication Overall

Period 1
(Apr 1984 to
July 1988)

Period 2
(Aug 1988 to

Dec 993)

Period 3
(Jan 1994 to
Dec 1999)

Surgical (early)
Biliary tract problem 20/140 (14) 10/32 (31) 6/57 (10) 4/51 (8)
Hepatic artery thrombosis 11/140 (8) 4/32 (12) 4/57 (7) 3/51 (6)
Portal vein thrombosis 9/140 (6) 4/32 (12) 3/57 (5) 2/51 (4)
Pulmonary (early)
Pulmonary edema 54/140 (38) 11/32 (34) 30/57 (53) 13/51 (25)
Pleural effusion 52/140 (37) 18/32 (56) 19/57 (33) 15/51 (29)
Infection (early)
Bacteremia 74/140 (53) 20/32 (62) 31/57 (54) 23/51 (45)
Urinary tract infection 49/140 (35) 16/32 (50) 19/57 (33) 14/51 (27)
Invasive cytomegalovirus infection 17/140 (12) 7/32 (22) 6/57 (10) 4/51 (8)
Candidiasis 20/140 (14) 6/32 (19) 8/57 (14) 6/51 (12)
Acute rejection episode
Early
Total 82/140 (58) 17/32 (53) 42/57 (74) 23/51 (45)
Steroid-responsive 70/82 (85) 15/17 (88) 35/42 (83) 20/23 (87)

Late† 21/98 (21) 5/20 (25) 12/40 (30) 4/38 (10)

Renal
Early

Acute renal failure 10/140 (7) 3/32 (9) 5/57 (9) 2/51 (4)
Dialysis 1/140 (1) 0 1/57 (2) 0
Late
Decrease in GFR 57/70‡ (81) 4/4 (100) 25/31 (81) 28/35 (80)

Other
Post-transplant lymphoproliferative disease 3/116 (3) 1/29 (3) 1/46 (2) 1/41 (2)
Early hypertension 96/140 (68) 20/32 (62) 41/57 (72) 35/51 (69)
Early seizures 13/140 (9) 4/32 (12) 5/57 (9) 4/51 (8)

Note: GFR = glomerular filtration rate.
*Early complications are those occurring less than 1 year after transplant surgery. Late complications are those occurring at least 1 year after transplant surgery.
†All but one of the late acute rejection episodes were responsive to steroids. The exception was one of the cases in period 2.
‡GFR was available for 70 patients only.



ceiving steroids as of December 2000, 9 had received their
transplant less than 2 years previously while 12 had re-
mained on steroids for more than 5 years since transplanta-
tion, usually at the discretion of local physicians.

Interpretation

Survival of children receiving liver transplants has now
reliably reached 85% or more at 1 year.1–3,11–22 Indeed, in our
program, survival for patients undergoing surgery from
1994 to 1999 was 93%, which is comparable to the rates in
other, larger centres;1–3,11–22 our survival results for infants
are also comparable to those of larger centres.16,23–25 The im-
provements in outcomes are primarily due to improved
surgical techniques, along with improved preoperative, in-
traoperative and postoperative care,1,11,12 and are exemplified
by reductions in the frequency of complications and the
length of ICU and hospital stay. As in other pro-
grams,13,16,17,19,26,27 most deaths in our program occurred in
the first 4 months after transplantation; patient survival
over the long term was stable, unlike the situation for kid-
ney transplant recipients.28,29 It should also be noted that the
percentage of reduced size grafts, including live donors, in-
creased in period 3, reflecting improvements in surgical
technique, the decrease in pediatric donors and the increase
in potential recipients.

The long-term outcomes of our patients are particu-

larly encouraging, and 40 children are now in their second
decade after transplantation and doing well. Most of these
patients were able to discontinue steroids by 2 years, and
most had normal growth and development. The majority
were in the age-appropriate grade, although some did re-
quire special help, particularly in the area of mathematics.
It is unclear whether this need was due to their preexisting
disease, the length of time they waited for their transplant
or the procedure itself.30–35 Because developmental assess-
ment was not done in a standardized fashion, with some
reports coming from parents and teachers, it is possible
that our results overestimated developmental achieve-
ments. It would be helpful in future studies to undertake
standardized assessments before and after transplantation.
All of the children with global developmental delay had a
known neurological insult before transplantation or during
the surgery.

Short-term and long-term complications were similar to
those reported by others6,8,36–40 and decreased over time.
Some issues will be of particular interest to primary care
physicians. First, varicella zoster virus accounted for several
hospital admissions. The development of the varicella
zoster vaccine may decrease the occurrence of this infec-
tion, and preoperative vaccination should be considered.
Second, noncompliance with immunosuppression probably
played a role in some cases of late rejection, particularly
among teenagers.41–45 Finally, PTLD has been a significant
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Table 5: Long-term outcome for the 93 patients who were living as of December 2000

Period; no. (and %) of patients

Outcome Overall

Period 1
(Apr 1984 to
July 1988)

Period 2
(Aug 1988 to
Dec 1993)

Period 3
(Jan 1994 to
Dec 1999)

Growth
Normal (3rd to 97th percentile) 82/94 (87) 16/19 (84) 33/37 (89) 33/38 (87)
< 3rd percentile 12/94 (13) 3/18 (17) 4/37 (11) 5/38 (13)
<< 3rd percentile 8/94 (8) 1/18 (6) 3/37 (8) 4/38 (10)
Development*
Preschool age
Normal 8/9 (89) 0 0 8/9 (89)
Delayed 1/9 (11) 0 0 1/9 (11)
School age
Normal 65/85 (76) 16/19 (84) 26/37 (70) 23/29 (79)
Special help in 1 area 15/85 (18) 2/19 (10) 7/37 (19) 6/29 (21)
Special help in 2 or more areas 2/85 (2) 0/19 2/37 (5) 0
Global delay 3/85 (4) 1/19 (5) 2/37 (5) 0
Steroid therapy

Discontinued† 67/94 (71) 17/19 (89) 29/37 (78) 21/38 (55)

   Restarted after discontinuation 6/94 1/19 (5) 3/37 (8) 2/38 (5)
Continuing 27/94 (29) 2/19 (10) 8/37 (22) 17/38 (45)
   < 2 yr since surgery 9/27 (33) 0 0 9/17 (53)
   > 5 yr since surgery 12/27 (44) 2/19 (10) 8/37 (22) 2/17 (12)

Note: << indicates much less than.
*As determined from family interviews, assessment by pediatrician or family physician, school reports or formal psychological testing (or some
combination of these methods).
†Includes patients for whom steroids were subsequently restarted.



concern, particularly in children. The reported incidence of
PTLD is 3% to 30%,46–53 and this condition is often associ-
ated with EBV infection. Strategies to treat PTLD include
initiating antiviral therapies, decreasing immunosuppres-
sion and administering chemotherapy. Tacrolimus may be
associated with a higher incidence of PTLD than cy-
closporine,54 but this suggestion is controversial. Only 3 of
the patients in our program experienced PTLD. The rea-
son for the low incidence is unclear. Minimizing immuno-
suppression as rapidly as possible might have been a factor,
and our practice of providing CMV prophylaxis might also
have afforded prophylaxis against EBV.

In conclusion, patient and graft survival for pediatric
liver transplant recipients improved markedly over the pe-
riod 1984 to 1999, and increasing numbers of these pa-
tients are now reaching their second decade since the pro-
cedure. Growth and development in these children has
been encouraging. Our results for infants and older chil-
dren demonstrate that excellent outcomes can be achieved
within a combined adult and pediatric program. Finally,
complications such as infection, renal dysfunction and
PTLD underscore the need to improve immunosuppres-
sion protocols.
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