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Abstract
Objective—To assess growth in survivors
of liver transplantation.
Study design—Growth was studied in 105
children up to seven years after liver
transplantation.
Results—At transplantation, mean height
standard deviation score (zH) was −1.22
but 19% of patients were severely growth
retarded (height below 0.4th centile).
Growth and pubertal retardation were
seen in the first six months after liver
transplantation. Significant catch up in
growth and puberty continued for more
than five years. At five years, mean zH was
−0.95 and at seven years −0.84. The mean
zH of patients at final height was −0.55. zH
at six months was predicted by zH and
bilirubin at the time of transplantation
and prednisolone dose at six months. At
four years, zH was predicted by zH at the
time of transplantation and the cumula-
tive prednisolone dose. There was no
association between zH and age at trans-
plantation, sex, or diagnosis, although
those with biliary atresia and those under-
going transplantation under 2 years of age
showed more initial growth delay and
subsequent catch up. Average age at
menarche was 14.2 years.
Conclusions—The mean height of the
group to have reached final height after
liver transplantation was on the 27th cen-
tile. Those transplanted earlier in child-
hood are likely to achieve more normal
final heights. High steroid dose, poor liver
function, and retransplantation are asso-
ciated with poorer height outcomes. Per-
sisting severe short stature is largely
confined to children with severely re-
tarded growth at the time of transplanta-
tion. Transient delay in puberty and
menarche occur early after transplanta-
tion, although appropriate pubertal
progress is resumed after two to three
years.
(Arch Dis Child 1999;80:235–240)
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Liver transplantation is now the accepted
treatment for children with end stage liver dis-
ease. It is hoped that successful transplantation
will result not only in long term survival but
also in normal growth and development. At
present, few data are available on growth in
long term survivors of transplantation. Most
children who undergo transplantation already

have moderate to severe growth failure.1–3 Fur-
ther growth retardation is commonly seen in
the first six months after transplantation but
catch up growth often occurs from six to 24
months.4 5 To date, few studies have assessed
growth more than two years after transplanta-
tion. Codoner-Franch et al found that mean
height standard deviation scores (zH scores) in
119 children increased from −1.30 at liver
transplantation to −0.99 at four years (n = 26),
indicating a mean improvement of approxi-
mately half a centile channel.6 Rodeck et al
found that the greatest height velocity during
catch up growth was at two years, falling again
in the third and fourth years.7 Most recently,
Holt et al reported that mean height standard
deviation score remained around −1.0 at five
years after transplantation, although numbers
at five years were small.8 No data exist on
height outcomes beyond five years after
transplantation.

Factors that may aVect growth after trans-
plantation include previous growth failure,
feeding problems, transplantation complica-
tions and impairment of liver function,4 5 7 8

delayed development,9 renal impairment,3 and
immunosuppression.10–13 High doses of gluco-
corticoids are a major factor responsible for
poor linear growth in the first six months,6 9

and if it is necessary to continue with high
doses, such doses also aVect growth during the
second and subsequent years.4 6 7 Concerns
about growth suppression and increasing con-
fidence in other agents have resulted in many
clinicians reducing steroid doses, using alter-
nate day regimens, and stopping steroids three
to six months after transplantation.9 Cyclo-
sporin has not been associated with poor
growth.4 The primary diagnosis may be
relevant, because rapid catch up has been
reported in metabolic disorders, biliary atresia,
antitrypsin deficiency, and cryptogenic cirrho-
sis, but not in Alagille syndrome or familial
cirrhosis.5 6 14

There is also a lack of data on skeletal
maturity and endocrine function. Growth po-
tential as assessed by delay in bone age was
reported to improve after liver transplantation.15

Studies of nocturnal growth hormone (GH)
secretion showed a reduced mean area under the
curve and low mean GH peak concentrations at
12 months, with low basal cortisol concentra-
tions and blunted cortisol responses to adreno-
corticotrophic hormone (ACTH) and hypogly-
caemic stimulation.4 15 Corticosteroid
stimulated somatostatin secretion might be the
main cause of the suppression of growth
hormone secretion.16 The relevance of impaired
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production of liver derived growth factors is
being investigated.17

No data are available on the relation of long
term growth and final height to parental
heights, or on pubertal development in adoles-
cents. The 12 year experience of the Adden-
brooke’s children’s liver transplantation pro-
gramme oVered an opportunity to reassess
long term growth taking these factors into
account.

Methods
Data were collected retrospectively from the
records of children who survived more than 12
months after orthotopic liver transplantation in
Cambridge between August 1984 and August
1994. One year survival was 85%, and five year
survival was 72%. Data were available for 105
patients. Three children with Alagille syn-
drome were excluded because they showed the
growth failure associated with this condition.14

Table 1 summarises the clinical details of the
patients. Anthropometric measurements de-
scribed as taken at the time of liver transplant-
ation were obtained in the two month period
before the procedure. During the period of our
study a triple immunosuppression regimen
with cyclosporin, azathioprine, and pred-

nisolone was used. Prednisolone was given ini-
tially at 2 mg/kg/day but the dose was reduced
progressively from two weeks if there was no
rejection and liver function was good. Figure 1
shows the mean prednisolone and cyclosporin
doses. Azathioprine was given at a dose of 1.0–
1.5 mg/kg/day and withdrawn at six months if
no rejection was apparent. From January 1994
onward prednisolone was also stopped at three
months in children with good graft function.
Height was recorded at assessment and at all
clinic visits. For the purpose of our study,
height was recorded three monthly for the first
18 months, six monthly until three years, and
yearly thereafter. At each visit, assessment
included clinical examination, pubertal scor-
ing, and anthropometry using a Harpenden
stadiometer or Infantometer by one of three
paediatricians. A patient was considered to
have reached final height when at Tanner stage
5 and with height growth rate less than 0.5 cm
in one year. Liver and renal function tests and
a trough cyclosporin measurement were taken
at each visit.

In statistical comparison of the growth data,
the z score, standardised against the 1990 Brit-
ish growth reference data,18 was used. Severe
growth retardation was defined as height below
the 0.4th centile. Midparental centile was
calculated from parental heights and converted
to a z score. Parental heights were measured
where possible, but otherwise obtained by
report from parents. Reported heights are less
accurate than measured height, because sub-
jects commonly overestimate their own and
their spouses’ heights.19 The eVect of this bias is
reduced by converting midparental height to a
z score. Mean height z scores during follow up
were calculated using within-subjects
regression to ensure that means were represen-
tative of the entire group. Catch up growth was
defined by improvement in the zH score. Pred-
nisolone doses were expressed as mg/kg/day for
all children, including those on alternate day
regimens. Tanner scores for pubertal staging
were converted to z scores and a mean puber-
tal z score calculated by averaging breast and

Table 1 Age, sex, and diagnosis of patients undergoing
liver transplantation (n = 105)

Sex
Male 53 (50.5)
Female 52 (49.5)
Age at transplantation
< 2 years 24 (22.9)
2–5 years 28 (26.6)
> 5 years 53 (50.5)
Diagnosis
Biliary atresia 59 (56.2)
Antitrypsin deficiency 13 (12.4)
Familial and cryptogenic cirrhosis 8 (7.6)
Cystic fibrosis 5 (4.8)
Tyrosinaemia 5 (4.8)
Chronic hepatitis 4 (3.8)
Oxalosis 4 (3.8)
Familial hypercholesterolaemia 3 (2.9)
Non-syndromic biliary hypoplasia 1 (0.9)
Criglar-Najjar syndrome 1 (0.9)
Fulminant hepatic failure 1 (0.9)
Idiopathic sclerosing cholangitis 1 (0.9)

Values are n (%).

Figure 1 Height standard deviation scores (zH), prednisolone, and cyclosporin during follow up.
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pubic hair scores for girls and genital, testicu-
lar, and pubic hair scores for boys. Comparison
of groups was undertaken by unpaired t tests
and ANOVA; groups with less than four
subjects were discarded for categorical analy-
ses. Continuous variables were analysed by
paired t tests and multiple regression analysis.20

Results
Table 1 gives clinical details of the patients’ sex,
age bands, and diagnoses. Figure 1 shows the
mean height z scores at liver transplantation
and during follow up. The height of patients at
transplantation was normally distributed. zH at
transplantation was significantly below that of
the general population (p < 0.0001). Sixteen
patients were severely growth retarded, but 20
had a positive zH with a height over the 50th
centile. The severely growth retarded group
was not significantly diVerent from the remain-
der of the patients with respect to diagnosis,
age, or liver function at transplantation.

Growth retardation was seen in the first six
months after liver transplantation (fig 1); zH
fell significantly by 0.22 (p < 0.006) in the six
months after transplantation. Significant catch
up growth then occurred and was maximal
from six months to two years (p < 0.01). In
some patients, catch up growth continued until
seven years, although the improvement in
mean zH was significant only until five years
after liver transplantation. zH at transplanta-
tion predicted 64% of the variance in zH at two
years (F = 121; p < 0.0001) and 53% of zH at
five years (F = 30.4; p < 0.0001). Of the
patients who were severely growth retarded at
liver transplantation, half remained so at four
years (eight patients comprising 14% of the
group at four years; diagnoses: five biliary
atresia, one antitrypsin deficiency, one oxalosis,
one tyrosinaemia; mean (SE) age at transplan-
tation, 6.5 (1.7) years). Severe growth retarda-
tion at four years was not associated with an
increase in post-transplant complications.
There was no significant diVerence in zH dur-
ing follow up for those undergoing transplanta-
tion before or after 1 January 1990, indicating
that temporal changes in management were not
responsible for the improvement in zH.

Parental heights were available for 66
patients. Midparental height was normally dis-
tributed and the mean (SD) midparental z
score was −0.17 (0.81), which was not signifi-
cantly diVerent from the general population. At
liver transplantation, eight children were se-
verely growth retarded when adjusted for their
midparental centile (below 0.4th centile for
their midparental z score) and 28% remained
so at four years after transplantation.

Final height was reached in 14 patients (six
boys, eight girls; five with biliary atresia, four
with antitrypsin deficiency, two with cystic
fibrosis, and one each with chronic hepatitis,
oxalosis, and familial hypercholesterolaemia;
mean (SE) age at measurement, 17.5 (0.3)
years). Mean (SD) final zH was −0.55 (0.29),
which was achieved at a mean (SE) of 4.6 (0.5)
years after transplantation. Mean (SE) mid-
parental centile for this group was 0.11 (0.25).
The mean (SE) final zH in this group was not

significantly better than the mean (SE) zH at
transplantation (−0.63 (0.34)). The mean (SE)
age at transplantation in this group was 12.6
(0.4) years, which was significantly older than
that for the remainder of the children (5.1 (0.4)
years; F = 53; p < 0.0001).

Diagnosis was not significantly associated
with zH at liver transplantation, although those
with cystic fibrosis and antitrypsin deficiency
tended to have better pretransplant heights
compared with those with metabolic condi-
tions and biliary atresia. Those with biliary
atresia (59 patients) showed significantly
greater catchdown growth at six months after
transplantation (F = 8.3; p < 0.006), with a
trend towards greater catch up at two years
after transplantation. Those with metabolic
conditions tended to show the least catch up,
although this failed to reach significance. No
significant diVerences were found between
diagnoses in zH at six months after transplan-
tation.

The mean (SD) age at transplantation was
6.1 (4.4) years for the entire group (range,
0.5–15.3 years). Twenty four patients (23%)
underwent transplantation under the age of 2
years, 28 (26.5%) between 2 and 5 years, 28
(26.5%) between 5 and 10 years, and 25 (24%)
over 10 years. Age at transplantation was not
associated with zH at that time. Those
undergoing transplantation under 2 years had
significantly greater growth catchdown at six
months after transplantation (F = 2.8;
p < 0.05), and a trend towards greater catch up
from six months to two years after transplanta-
tion. However, six months post-
transplantation, age at transplantation was not
significantly associated with zH during follow
up. Sex was not associated with height
outcomes.

Pubertal data was available for 35 patients
(17 boys, 18 girls; 15 with biliary atresia, five
with antitrypsin deficiency, four with chronic
hepatitis, four with cystic fibrosis, three with
familial cirrhosis, three with oxalosis, and one
with tyrosinaemia; mean (SE) age at transplan-
tation, 10.6 (0.45) years). Mean pubertal z
score fell from −1.0 at transplantation to −1.11
at six months, and subsequently improved to
−0.91 at 12 months, −0.27 at three years, and
−0.3 at five years, although these changes were
not significant. InsuYcient data were available
for analysis of pubertal z scores after five years
post-transplantation. Pubertal z score during
follow up was not significantly predicted by
sex, age at transplantation, or diagnosis, and
was not associated with height growth during
follow up. Data on the menarche were available
in 18 patients. Mean (SE) age at menarche was
14.4 years (0.4), with a range of 12.1–17.50
years, which was significantly delayed com-
pared with the general population mean of 13.3
years (p < 0.02).21

Twenty nine children (27%) had a second
transplant. In 15 of these children this was for
acute perioperative events such as primary
non-function of the liver and hepatic artery or
portal vein thrombosis, and in 14 it was
because of chronic rejection. The group who
underwent retransplantation had a lower mean

Growth after liver transplantation 237
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zH throughout follow up, although the need for
a second liver transplant was significantly asso-
ciated with poorer height growth only at three
years after transplantation (ANOVA: F = 5.4;
p < 0.02). Chronic rejection was not associated
with height outcome.

Figure 1 shows prednisolone and cyclo-
sporin doses. The mean prednisolone dose/kg/
day corrected for time after liver transplanta-
tion did not vary significantly over the 10 year
span of our study. The prednisolone dose at six
months after transplantation was a significant
predictor of zH from six months to six years
(p < 0.01).

Multiple regression models were con-
structed for zH at six months and four years
(table 2). Significant predictors for zH at six
months were zH and bilirubin at transplanta-
tion, and prednisolone dose at six months.
Factors that did not significantly predict zH at
six months included age at transplantation, sex,
diagnosis, cyclosporin dose and concentration,
and the need for retransplantation. At four
years, zH was predicted by zH at transplanta-
tion and the cumulative prednisolone dose at
transplantation, but age, sex, diagnosis, liver
function at transplantation, cyclosporin dose
and concentration, and the need for retrans-
plantation were not predictive.

Discussion
In our study we assessed growth and pubertal
development in children up to seven years after
liver transplantation. Although numbers were
relatively small five years after transplantation,
we believe this is the first report of long term
growth and final height after liver transplanta-
tion in children. Our use of within-subsets
regression to calculate mean zH during follow
up indicates that results in the later years after
transplantation were representative of the
population undergoing transplantation. Unlike
some other studies that have excluded those
with abnormal liver function, the inclusion of
all survivors provides a profile of post-
transplant growth in children with and without
postoperative complications, and with normal
and abnormal liver function.

The children undergoing transplantation
were heterogeneous. Although the mean height
for the whole group at transplantation was on
the 11th centile, heights ranged from under the
0.4th to the 99.6th centiles. In contrast with
previous reports that most children are severely
growth retarded at the time of liver
transplantation,3 4 7 15 only 20% of our patients
were severely growth retarded at that time.
Indeed, when height was adjusted for midpar-

ental centile only 15% were severely growth
retarded. The bias likely to result from overre-
porting of parental height suggests that this
discrepancy between zH at liver transplanta-
tion and a child’s genetic potential might be
overestimated. These diVerences from previous
studies might reflect diVerences in the diagnos-
tic profiles of the populations undergoing
transplantation, diVering policies on timing of
transplantation and preoperative nutritional
support, and failure to consider midparental
centiles. The importance of pretransplant
nutritional management and optimal timing of
transplantation is emphasised by our finding
that the height z score at transplantation was
the most important predictor of later height
outcome; indeed, children who were severely
growth retarded at transplantation, in relation
either to the midparental centile or the normal
population, were over three times more likely to
be severely growth retarded at four years.

Six to seven years after transplantation the
mean height of the group stabilised at around
four fifths of a standard deviation below that of
the general population (that is, on the 22nd
centile), having recovered only one third of
their height deficit at transplantation. This is
unsatisfactory compared with the normal
population; however, the linear trend for
improvement in zH visible from two to seven
years after transplantation (significant until five
years) suggests that further catch up will
continue year upon year. This is particularly
likely in those transplanted as infants, who have
more opportunity to catch up.

The group who had reached final height
showed no significant improvement from their
pretransplantation zH, with mean final height
just over half a standard deviation less tall than
the normal population and a similar amount
less tall than their midparental mean. Although
this corresponds with a mean final height on
the 27th centile, this result is again unsatisfac-
tory compared with the general population.
Reassuringly, these findings are not likely to be
representative of all children undergoing liver
transplantation, because the group at final
height were mostly those transplanted in late
childhood or early adolescence who had less
opportunity for catch up growth. As noted
above, the trend for continued catch up even at
seven years after transplantation suggests that
those transplanted in infancy are likely to reach
final heights nearer to their genetic potential.

The pattern of growth retardation over the
first six months, followed by catch up over the
following 18 months, reflects the findings of
other studies.4–6 As expected, high steroid doses

Table 2 Multiple regression models of height standard deviation score (zH) 6 months and 4 years after liver
transplantation

Predictor variable
Regression
coeYcient t Value p Value

Factors predicting zH 6 months after transplantation
(regression model: df = 63; F = 129.7; adjusted
R2 = 87%; p < 0.0001)

zH at transplantation 0.74 16.6 < 0.0001
Bilirubin (µmol/l) −0.001 −2.6 < 0.01
Prednisolone dose at 6 months
(mg/kg/day)

−1.58 −2.3 < 0.02

Factors predicting zH 4 years after transplantation
(regression model: df = 26; F = 26.8, adjusted
R2 = 67%; p < 0.0001)

zH at transplantation 0.64 4.9 < 0.0001
Cumulative prednisolone dose
since transplantation (mg/kg)

−6.43 −2.3 < 0.02
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and persisting liver dysfunction predicted
growth failure at six months when controlled
for other factors. Our finding that the growth
suppressing eVects of early high steroid doses
remained apparent for up to five years was in
contrast to previous studies in which it was
reported that steroids aVected growth for only
two7 or three6 years. These findings give extra
weight to immunosuppression policy changes
using lower doses of prednisolone and stop-
ping this agent as early as possible. However,
continued catch up growth up to seven years
after transplantation suggests that the adverse
eVects of steroids on height are mostly recov-
erable once the dose is reduced. The confir-
mation that cyclosporin did not aVect height
outcome was reassuring. The association of
the need for retransplantation with poorer
height outcomes is not surprising, given the
deleterious eVects of chronic rejection and the
return to high steroid doses after the second
graft.

Age at transplantation did not predict later
height outcome, although those transplanted
under 2 years of age experienced the greatest
growth delay and subsequent catch up, con-
firming the report by Holt et al.8 This finding is
contrary to the recommendation by Codoner-
Franch et al that transplantation under 2 years
of age should be avoided because of its associ-
ation with worse height outcomes.6 As noted
previously, the finding that catch up growth
continued up to seven years after transplanta-
tion suggests that transplantation in those with
the greatest potential number of years for catch
up promises the best height outcomes. Confir-
mation that transplantation in infancy pre-
serves height potential is important, in that
transplantation in infancy is now the preferred
management of many conditions requiring
liver transplantation.22

While those with biliary atresia showed the
greatest initial growth delay and later catch up,
diagnosis was not a significant predictor of later
growth outcomes. Although numbers in each
diagnostic group other than biliary atresia were
small, this finding suggests that transplant
related factors might outweigh diagnosis re-
lated factors in relation to growth. We did not
confirm the suggestion that children with
metabolic conditions might show the greatest
catch up growth.6

Pubertal z scores followed a pattern similar
to height scores, with a nadir at six to 12
months, followed by catch up up to five years
after transplantation. The timing of menarche,
was delayed by one year in comparison to
recent British standards. Although pubertal z
scores were not significantly associated with
steroid dose or liver function, it is likely that the
pattern of pubertal delay followed by catch up
is related to the same factors as were identified
for height growth. Reassuringly, pubertal z
scores were essentially normal by five years
after transplantation.

CONCLUSIONS

The mean height of the small group of patients
who have reached final height after liver trans-
plantation since 1985 was on the 27th centile.

Because catch up appears to continue until at
least seven years after transplantation, those
transplanted in early childhood are likely to
achieve final heights nearer normal. We did
not confirm previous findings that early trans-
plantation might be associated with more
severe growth failure. Indeed, there was a
trend for younger patients to show greater
catch up growth. Steroid dose, poor liver func-
tion, and the need for retransplantation each
independently predicted worse height out-
comes. Delay in pubertal development and
menarche were common after liver transplan-
tation, but appropriate pubertal progress was
resumed after three to five years. Severe short
stature after transplantation was mainly con-
fined to those severely growth retarded at the
time of transplantation, emphasising the need
to preserve height potential by optimal pre-
transplant nutritional support and early trans-
plantation. Further investigation of steroid
growth suppression and of hepatic production
of growth factors is needed, and a reassess-
ment of height outcomes will be necessary
when those undergoing transplant as infants
reach final height.
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Intramuscular RSV antibody
In the USA about half of all infants are infected with respiratory syn-
cytial virus (RSV) during their 1st year of life and almost all are
infected by the age of 3 years. The American Academy of Pediatrics1

has recommended that monthly intravenous injections of RSV
immune globulin during the RSV season should be considered for
infants with bronchopulmonary dysplasia who are receiving oxygen
treatment or have done so in the previous six months and possibly for
all infants born at or before 32 weeks’ gestation. Because of the obvi-
ous limitations imposed by monthly intravenous injections, a human-
ised monoclonal antibody to the fusion protein of RSV (MEDI-493)
that can be given intramuscularly has been studied in a multicentre
trial in the USA, Panama, and Costa Rica (Xavier Saez-Llorens and
colleagues. Pediatric Infectious Disease Journal 1998;17:787–91).

The study included 65 children, 24 with bronchopulmonary
dysplasia aged up to 24 months and 41 aged up to 6 months without
bronchopulmonary dysplasia but born at or before 35 weeks’ gestation.
They were given from one to five intramuscular injections of
MEDI-493 at monthly intervals at dosages of 5, 10, or 15 mg/kg. The
15 mg/kg dose produced mean trough serum concentrations of
MEDI-493 of around 70 µg/ml (target > 40 µg/ml). Two children
receiving the 5 mg/kg dosage—but none on the higher dosages—were
admitted to hospital with RSV infection. Three children had possible
reactions, one with diarrhoea, fever, and increased respiratory
symptoms, and two with mild, transient local erythema at the injection
site. Ten children developed low litre antibodies to MEDI-493 that did
not seem to be clinically important. MEDI-493 is much more potent
than the RSV immunoglobulin preparation and appeared to be safe
and eVective at the 15 mg/kg dosage. These researchers conclude that
it has several potential advantages over RSV immunoglobulin.
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