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Abstract

Aim  
To evaluate the effect of end-stage pediatric liver disease and liver transplantation 
on growth and final height. 

Patients and methods 
We evaluated growth at 2 years (n=101) and 5 years (n=63) after pediatric liver 
transplantation (LTx). Twenty-three children reached final height. Height was 
expressed as a standard deviation score of the target height (Z

TH
 score) of each 

individual patient.

Results
The first 2 years after LTx, the Z

TH
 score significantly increased from -1.7 to -1.3 SD 

(p<0.05).  Growth in the first 2 or 5 years after LTx, expressed as Δ Z
TH

 score was 
positively correlated with pre-transplant growth retardation (p<0.05). �n comparison 
to patients with a non-cholestatic primary liver disease, patients with a cholestatic 
primary liver disease were more severely growth retarded before LTx (Z

TH
 score -2.0 

vs. -1.2 SD, p< 0.05), and had better growth in the first two years after LTx (Δ Z
TH

 score 
+0.6 vs. -0.1 SD, p<0.05). Twelve out of the 23 patients, who achieved final height, had 
a final height below -1.3 SD of their target height.

Conclusion 
Growth retardation is a common finding in children before LTx, particularly in 
children with a primary cholestatic liver disease. After LTx, catch up growth was 
partial, and only prominent in cholestatic children that had been severely growth 
retarded before LTx. After LTx during childhood, approximately 50% of patients 
reach a final height lower than -1.3 SD of their genetic potential 

Abbreviations 
LTx = pediatric liver transplantation 
TH = target height 
Z

TH
 score = Z score of the target height

SD = standard deviation 
CsA = Cyclosporine
TAC = Tacrolimus
�GF = insulin-like growth factor
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Introduction

Transplantation is a life-saving treatment in children with end-stage liver disease. 
Quality of life after pediatric liver transplantation (LTx) is not only determined by 
the function of the grafted organ, but also depends on factors such as growth and 
final height. �nsufficient growth may be an additional psychological burden for the 
child.1 Many children have growth retardation before LTx.2-4 Several studies have in-
dicated that growth retardation remains after LTx, while others have reported catch-
up growth.4-10 So far, 7 reports have become available on growth during 5 years after 
LTx.4,11-16 Although final height is the most important growth parameter, there are 
only limited data on the final height in children after LTx.17 �n the study of Viner et 
al.4 14 patients reached final height with a mean Z score of -0.55. 
�n healthy children final height is predicted mainly by parental height.18-20 Normal 
growth is defined as being within 1.3 SD of the target height (TH). The TH is calculat-
ed from the parental height.21 The potential of a child’s growth is further dependent 
on bone age. Thus actual height in combination with bone age will provide informa-
tion on the growth potential of the child.22

�n the present study, growth in relation to chronological age and bone age was evalu-
ated in 101 children 2 years after LTx and in 64 children 5 years after LTx. We also re-
port on final height after LTx, inasmuch as 25 % of our patients reached final height 
during follow-up.
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Patients and methods

Between 1982 and 2000, 200 liver transplant procedures were performed in 150 
children younger than age 17 years in the University Medical Center Groningen, the 
Netherlands. Of those patients, 49 were followed for less than 2 years and were not 
included in this study. The remaining 101 patients were followed for at least 2 years. 
Sixty-four patients were followed for at least 5 years. �n 23 children, final height was 
achieved during follow-up. 
�mmunosuppressive medication after liver transplantation consisted of cyclospo rine 
(CsA), prednisolone and azathioprine for most patients. CsA was introduced on the sec-
ond day after transplantation (trough levels during the first 4 weeks post-transplan-
tation, 200-250 μg/ml, after 4 weeks 100-150 μg/ml). Prednisolone dose was initially 
1 mg/kg/day and subsequently tapered in the first 3 months after transplantation to 
0.25-0.4 mg/kg/2days (alternate-day dosing).The azathioprine dose was 2 mg/kg/day. 
Between 1982 and 1998 cyclophosphamide23 was given in a dose of 3 mg/kg during 
the first 7 days after liver transplantation. Five patients underwent transplantation 
before 1986 and received a similar immunosuppressive regimen, but without CsA. 
The initial dose of prednisolone was similar, but the maintenance dose was tapered 
to 0.4-0.6 mg/kg/2 days, and the maintenance dose of azathioprine was 2.5 mg/kg/
day. Fifteen patients underwent LTx after 1998, and were treated with a tacrolimus 
(TAC)-based regimen. This consisted of TAC (trough levels of 10-15 μg/l during the 
first 3 months post-transplantation, afterward, trough levels of 5-10 μg/l) and predni-
solone (initially 1 mg/kg/day, subsequently tapered to a dose of 0.2 mg/kg/2 days, at 
3 months). Rejection therapy in the first 4 weeks after LTx consisted of intravenous 
bolus injections of methylprednisolone of 20 mg/kg/day for 3 days. Thereafter, rejec-
tion was treated with increasing dosage of oral prednisolone to a maximum of 4 
mg/kg. Twenty-three underwent transplantation more than once, two of these 23 
patients more than twice. Most of these retransplantations were performed within 
4 weeks after the previous LTx due to transplant-related complications. Because this 
study focuses on growth after LTx, the last LTx is taken as entry point of the study in 
patients who underwent LTx more than once. The following data were prospectively 
collected: height, weight and bone age. The underlying disease leading to liver insuf-
ficiency was also recorded.
Height was measured by use of the Harpenden stadiometer to the nearest 0.1 
cm. Final height was recorded when radiography of the hand and wrist showed 
epiphysial closure.22,24 Height is expressed as the Z-score or standard deviation score 
(SDS) calculated by

where x(t) denotes the individual’s body measurement score at age t (e.g. its height), μ(t) 
denotes the population mean at age t, and σ(t) the corresponding standard deviation. 
As reference values the Dutch nation-wide growth curves of 1997 were used.18

The target height (TH) of each patient was calculated using the formula according to 
Tanner21, adjusted for secular growth changes.18 

z(t)=
x(t) — µ(t)

σ(t)
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For boys: mother’s height + father’s height + 13/2 + 4.5 cm. 
For girls: mother’s height + father’s height – 13/2 + 4.5 cm. 
To correct for parental height for each patient a Z score of the target height (Z

TH
 score) 

was calculated by subtracting the target height (expressed in SD) from the actual Z 
score delivering the Z

TH
 score. Normal growth is considered as growth following 

a growth curve ± 1.3 SD from the TH, calculated from parental height.18 Catch-up 
growth is defined as changes in Z

TH
 score of more than 0.25 SD a year.25

Bone age was determined on radiographs of the left hand using the calculation of 
the 20 bones.22 One investigator (RJO) performed these analyses. The height is ex-
pressed as Z

TH
 score for bone age, the standard deviation score of the target height, 

using the bone age instead of the chronological age.

Statist ics
Continuous variables were expressed as median and range and categorical variables 
as number with percentage. Categorical variables were compared using the Chi 
square test. Comparison of continuous variables between groups was done using 
Students T test. Paired continuous variables were compared with a paired samples T 
test. Correlations were determined by Pearsonís correlation coefficient. 
P< 0.05 was considered as being statistically significant. 

Results

The clinical data of the patients included in the study are given in Table 1. The me-
dian age at LTx was 3.6 years (range 0.1-17.1) of the total group (n = 101) and 4.6 years 
(range 0.1-16.9) of the subgroup followed for 5 years (n = 64). �n the subgroup that 
reached final height (n = 23) the median age at LTx was 13.3 years (range 2.8 -16.9).  
End-stage liver disease due to biliary atresia was the most frequent indication for 
LTx. Other indications can be found in Table 1.
Figure 1 shows the distribution of the height deviation score corrected for parental 
height (Z

TH
 score) at LTx. The median of the Z

TH
 score at LTx was -1.7 SD with a wide 

range from – 6.3 to + 1.7 SD. Of the 101 patients, 61 had a Z
TH

 score below - 1.3 SD 
and were therefore considered to be small. Thirty-eight had a Z

TH 
score below -2.0 

SD and were considered severely growth retarded. Figure 2 shows the distribution 
of the Z

TH
 score at LTx and 2 years after LTx. There was a significant improvement 

of the Z
TH

 score of the total group: -1.7 ± 1.6 SD before LTx, to – 1.3 ± 1.3 SD at 2 yr 
after LTx (p < 0.005). Two years after LTx, 54 patients had a Z

TH
 score below -1.3 SD, 

and 29 had a Z
TH

 score below -2.0 SD. Of the included 101 patients, 38 decreased in 
Z

TH
 score (range of 0 to -2.2 SD) while 63 increased in Z

TH
 score (range of 0 to 3.3 SD) 

as calculated for the period between LTx and 2 years thereafter. Of the 63 patients 
who gained height, 48 did so with at least 0.25 SD per year, which has been defined 
as catch-up growth.25 Of these 48 patients, 34 increased height with at least 0.7 SD, 
which is used as the criterion for a good reaction in international growth hormone 
studies.26
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Table 1. Clinical data of included patients who underwent liver transplantation (LTx) during 
childhood. Subgroup analyses were performed in patients with at least 5 years follow-up, and 
in patients, who reached their adult height. Abbreviations: The ZTH score is the height Z score 
adjusted for parental height (for details, see text). LTx = liver transplantation, PFIC = progressive 
familial intrahepatic cholestasis.

All patients Subgroup
 5 years follow-up

Subgroup
Final height

Number 101 64 23

Age (yrs) at LTx (median and 
range)

3.6
(0.1–17.1)

4.6
(0.1–6.9)

13.3
(2.8–16.9)

Sex M/ F 47/54 31/33 8/15

Target Height (median and 
range)

0.2
(-2.1–2.6)

0.2
(-2.1–1.8)

-0.3
(-2.1–1.2)

ZTH score at LTx
(median and range)

-1.7
(-6.3–1.7)

-1.7
(-6.3–1.7)

-1.0
(-4.6–1.0)

Patients with a previous LTx (n) 24 (24%) 13 (20%) 7 (30%)

Biliary atresia 52 (52%) 34 (53%) 7 (30%)

Metabolic Disease 24 (24%) 17 (26%) 6 (26%)

Acute Liver Failure 5 (5%) 4 (6%) -

Intrahepatic cholestatic 
diseases (PFIC, Alagille)

7 (7%) 5 (8%) 4 (17%)

Other diseases 13 (13%) 4 (6%) 6 (26%)
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Figure 1. Height at liver transplantation (LTx) for different pediatric ages. Height is expressed as 
ZTH scores, i.e. the height Z score adjusted for parental height (for details, see text).
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ZTH  score pre LTx Z TH  score 2yr post LTx 
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Figure 2. Height expressed as ZTH 
score at the moment of LTx and at 2 
years after LTx in 101 patients that 
were transplanted during childhood.  
ZTH score is the height Z score 
adjusted for parental height (for 
details, see text).
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Figure 3. Height expressed as ZTH 
score at the moment of LTx and at 
2 years and 5 years after LTx in 64 
patients that were transplanted 
during childhood and of which at 
least 5 years follow up data were 
available. ZTH scores is the height Z 
score adjusted for parental height 
(for details, see text).
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Figure 3 shows the Z
TH

 scores of the 64 patients who were followed for 5 years. Be-
tween 2 and 5 years after LTx only a limited (further) improvement of the Z

TH
 score 

was observed, from -1.4 ± 1.2 SD to -1.2 ± 1.2 SD (p < 0.05). Catch up growth was ob-
served in 17 % (11/64) between 2 years and 5 years after LTx. 
Figure 4 shows the change in Z

TH
 score from 0 to 5 years after LTx in relation to the 

Z
TH

 score at LTx. �mprovement of growth as expressed in Δ Z
TH

 during 2 or 5 years 
after LTx, was positively correlated with pre-transplant growth retardation (2 yr: 
r=0.63, p<0.001, 5 yr: r=0.62, p<0.001). Figure 4 also shows that in the majority of 
the patients improvement of growth occurred between LTx and 2 years after LTx. 
The improvement in growth between 2 and 5 year after LTx did not significantly 
correlate with pre-transplant growth retardation. 
The mean final height was 158.9 ± 7.6 cm (range 139.5 - 170.0 cm) in female and 
173.5 ± 6.1 cm (range 165 -184 cm) in male patients. The height of these children 
at LTx had been - 1.0 SD (expressed as Z

TH
 score), compared to a final height of - 1.4 

SD. Twelve out of 23 patient had a final height below -1.3 SD, and 3 patients were 
severely growth retarded with a final height below -2.0 SD.
Patients younger than 2 years at LTx tended to have more severe growth retardation 
at LTx, than did patients older than 2 years, but this was not significant. These 

-4

-2

0

2

4

-8 -6 -4 -2 0 2

0 -2 yr after LTx
0- 5 yr after LTx

ZTH score at LTx

∆ ZTH score

Figure 4. Development of the ZTH score between the moment of LTx and 2 (black dots) or 5 (white 
dots) years follow-up in patients were transplanted during childhood. ZTH score is the height 
Z score adjusted for parental height (for details, see text). The development of the ZTH score is 
expressed in Δ height ZTH score 0 - 2 years after LTx (ZTH score at second year - ZTH score at LTx) 
and in Δ height ZTH score 0 – 5 year (ZTH score at fifth year - ZTH score at LTx). The Δ ZTH scores are 
plotted against the ZTH score at transplantation. Both the Δ ZTH score 0-2 yr and the Δ ZTH score 
0-5 yr were significantly correlated with the ZTH score at transplantation (p<0.001, r = 0.63 and 
p<0.001, r = 0.62; respectively). 
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younger patients had a greater improvement of the Z
TH

 score in the first two years 
after LTx than did patients who underwent transplantation at the age of at least 2 
years (Δ Z

TH
 score 0.6 ± 1.2 SD at age<2 years; 0.1 ± 0.9 SD at age≥2 years, p<0.05).

We did not find a significant relationship between the different immunosuppres-
sive regimens and growth. Of the included patients 81 (80%) received an immuno-
suppressive regimen that consisted of CsA, azathioprine and prednisolone. Fifteen 
patients (15%) received an immunosuppressive regimen that consisted out of TAC 
and prednisolone. Growth retardation in both groups before LTx was similar (Z

TH
 

score CsA A: - 1.7 ± 1.5 SD, TAC: - 1.7 ±1.6 SD). The maintenance dosage of prednisone 
was higher in the CsA-based regimen compared with the TAC-based regimen (0.4 – 
0.6 mg/kg/2days versus a dose of 0.2 mg/kg/.2days). Nevertheless, the changes in Z

TH
 

score were similar in the first 2 years after LTx (Δ Z
TH

 score CsA: 0.3 ±1.1 SD, tacroli-
mus: 0.3 ±1.1 SD). 
Evaluation of the primary liver disease and growth failure before LTx showed more 
severe growth retardation at LTx in the group with a primary cholestatic liver 
disease (biliary atresia, intrahepatic cholestatic diseases)  versus the group with a 
noncholestatic primary liver disease (Z

TH
 scores at LTx:  – 2.0 ± 1.5 SD and -1.3 ± 1.5 SD, 

respectively, p < 0.05). The growth was significantly better in the cholestatic group 
during the first 2 years after LTx (Δ Z

TH
 score cholestatic disease versus noncholestatic 

disease at 2 years: 0.6 ± 1.0 SD vs. - 0.1 ± 1.1 SD; p < 0.05). This observation was also 
illustrated by the fact that catch-up growth in the first two years after LTx was more 
frequently found in children from the cholestatic group compared with those from 

Bone Age (years)

0

5

10

15

20

0 5 10 15 20

Chron Age (years)

Figure 5. Relationship between bone age and chronological age at LTx. The bone age was 
determined based on the calculation of the 20 bones according to Tanner/Whitehouse. The 
bone age was positively correlated with the chronological age at LTx (r = 0.99, p < 0.001).
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the noncholestatic group (33/60 or 55% and 10/41 or 24% respectively,  p< 0.005). 
Cholestatic disease as the indication for LTx was more prevalent in children who 
underwent transplantation before 2 years of age than in children of 2 years old or 
older (30/38 or 78% and 30/63or 47%, respectively, p< 0.005). �n the group of children 
of 2 years or older, primary cholestatic disease was also significantly related with 
growth retardation before LTx (Z

TH
 score: -2.0 ± 1.5 vs. –1.1 ±1.6 in noncholestatic 

disease, p< 0.05), and with better growth in the first 2 years after LTx (Δ Z
TH

 score: 0.5 
± 0.9 vs. – 0.3 ± 0.8 in noncholestatic liver disease, p<0.05).
Bone age was evaluated in 96 children. Median height at transplantation expressed 
as Z

TH
 score for bone age was -1.2 SD (range -6.4 - 2.5 SD). There was a significant 

strong correlation between bone age and chronological age at LTx, r = 0.99, p < 0.001 
(Fig.5). No change in median height expressed for bone age was observed in the 
period between LTx and 2 years thereafter (Table 2). 

Table 2. Height before and after liver transplantation (LTx) during childhood. Subgroup analyses 
were performed in patients with at least 5 years follow up, and in patients who reached their adult 
height. Height expressed as ZTH score for chronological age and for bone age (median and range) 
at LTx, at 2 and 5 years follow-up and at final height. ZTH score is the height Z score adjusted for 
parental height (for details, see text).

ZTH score  for chronological age

All patients Subgroup
5 years follow-up 

Subgroup
Final height 

At LTx n = 101
-1.7 (-6.3–1.7)

n = 64
-1.7 (-6.3–1.7)

n = 23
-1.0 (-4.6-1.0)

2 years n = 101
-1.3 (-3.9–1.3)

n = 64
-1.3 (-3.9–1.3)

n = 23
-1.0 (-3.9–0.9)

5 years n = 64
-1.2 (-3.7–1.0)

n = 16
-1.2 (-3.7–0.4)

Final height n = 23
-1.4 (-3.6–0.8)

ZTH score  for bone age

At LTx n = 96
-1.2 (-6.4–2.5)

n = 61
-1.4 (-6.4–2.5) 

n = 21
-1.1 (-4.0–1.2)

2 years n = 98
-1.4 (-5.5–2.0)

n = 63
-1.4 (-5.5–1.6)

n = 23
-1.2 (-3.1–0.4)

5 years n = 62
-1.5 (-3.9–2.7)

Final height  n = 15
-1.2 (-3.2-0.8)
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Discussion

We show in this study that growth retardation is a common finding in children 
before LTx, particularly in children with a cholestatic disease. Catch-up growth after 
LTx was related with growth retardation before LTx, and was predominantly ob-
served in patients with a primary cholestatic liver disease. �mprovement of growth 
was also seen in young children, but this could also be an effect of cholestatic dis-
ease, inasmuch as this was a common feature in these patients. Catch-up growth 
was mainly observed in the first 2 years after LTx. Our longitudinal data indicate 
that after LTx in childhood, approximately 50% of patients reach a final height of 
less than -1.3 SD of their genetic potential. 
Several studies have evaluated growth after LTx. 4,5,7-14 Our finding that children with 
the most severe growth retardation at the time of LTx show better growth after 
LTx is comparable to most studies. 5,10,11,15  The finding of greater catch-up growth in 
children who underwent LTx at an age younger than 2 years was also comparable 
to most studies, 4,5,10,15,16 although 1 report showed better growth if transplantation 
was delayed until the child was older than 2 years.27 Most studies show growth re-
tardation at the moment of LTx with catch-up growth during the two years there-
after.4,5,8,10 -13.16,27-31 At the beginning of this 2-year post-transplant period, growth may 
become further retarded, followed by catch-up growth during the next 18 months. 
The initial growth retardation has been attributed to the use of prednisolone.13-32 De-
creasing the prednisolone dosage is thought to be accompanied by catch-up growth.
Although the Z score at 2 or 3 years post LTx in most studies was higher than the Z 
score at the moment of LTx, the Z score was invariably still below zero in the major-
ity of patients. Our data are comparable to those obtained in previously described 
cohorts.5,12,14 We also found improvement in Z score during the 2 years after LTx, but 
this improvement was less prominent thereafter. Growth did not return to the val-
ues expected from the target height. The majority of children after LTx with growth 
retardation at the moment of LTx can therefore expect to have a final height below 
their genetic potential. Our data further indicate that final height can be estimated 
from the growth curve 2 years after LTx. This is in accordance with the results from 
the children reaching final height.
There are different reasons why growth retardation may be prevalent at the mo-
ment of LTx. �t might be due to the malabsorption caused by liver insufficiency 
and/or insufficient intake of energy and proteins.33 This possibility is supported by 
the observation in our study that growth retardation was especially prominent in 
patients with a primary cholestatic liver disease. �n addition, endocrine factors may 
also play a part in the poor growth observed in children with chronic liver disease. 
The liver produces insulin-like growth factor-� (�GF-�) and �GF-binding proteins. Also, 
growth hormone is degraded in the liver. �n patients with chronic liver disease, in-
creased levels of growth hormone and decreased levels of �GF-1 and �GF-B3 have been 
described.34-37 A decrease in �GF-l level and GH insensitivity may be secondary to a 
combination of impaired hepatic function and protein calorie malnutrition.
Catch-up growth may be due to the elimination of the factors causing the delay in 
growth during the illness.38 When the growth delay occurs during the so-called criti-
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cal period of life, the first few years in human life, imprinting may prevent a complete 
restoration of growth.19 Catch-up growth in our patients did not result in a complete 
restoration of normal height of the children. �n the youngest children, especially the 
group with primary cholestatic disease, this may be caused by the growth retarda-
tion in early life. Return to normal values, however, was also not found in children 
transplanted at an older age, despite the fact that liver failure in this group started 
predominantly after infancy.
The growth delay in patients after LTx is often attributed to the use of corticosteroids. 
Bartosh et al5 observed a negative correlation between the dose of prednisolone and 
growth. However several arguments draw into question, that the delay in growth in 
patients after LTx is exclusively or primarily due to the use of prednisolone. First the 
main delay in growth occurs before transplantation, a period when prednisolone is 
usually not administered. Second, we did not observe a more prominent improvement 
of the Z score in patients who were treated with a TAC-immunosuppressive scheme and 
a much lower prednisolone dosage (0.2 mg/kg/2 days). Third, interference with growth 
was found in children after LTx at a prednisolone dose of 0.25 mg/kg/day 5, 39 which is 
considerably higher than that given to our patients: in most of our patients predni-
solone started with a dose of 1 mg/kg/day and was tapered to 0.25 –0.4 mg/kg/2days 

within 12 weeks. Fourth, catch-up growth did occur in almost 50% of the patients 
during the first two years after transplantation, despite the fact that in this period 
prednisolone was given. Finally, steroid withdrawal does not always show clear benefit 
on linear growth. 17,39,40 although some studies show a favorable effect of early steroid 
withdrawal.41 These considerations suggest that the use of prednisolone might not be 
the only cause of the persistently delayed growth in pediatric liver transplant patients. 
We do realize however, that a steroid-free immunosuppressive scheme showed signifi-
cantly improved linear growth in the first year after liver transplantation.42 �t can not 
be excluded that prednisolone irreversibly impedes catch-up growth.25

�n our study bone age corresponded to chronological age (Fig. 5). Bone age was not de-
layed in children with severe growth retardation, suggesting that growth retardation 
was not due to delayed maturation. The increase in height Z score (Fig.4) and the close 
correlation between bone age and chronological age during follow up indicate that 
puberty was not delayed and did not influence the growth effect of LTx. Expressing the 
height in Z scores minimizes the influence of puberty. During puberty the standard de-
viation of the reference population is much higher than before or after puberty. Only 
in the case of extreme early or late puberty, will the patient’s Z score be abnormal.
�n summary, growth retardation in children with LTx mainly originates in the period 
before LTx. After LTx there is some catch-up growth in the youngest and most severely 
growth-retarded patients, which correlates with a primary cholestatic liver disease. �n 
general, however, transplanted children do not have a complete catch-up growth and 
achieve a final height below their genetic potential. The present data indicate that 
improving final height of children that are candidates for LTx should be aimed at the 
period before LTx. Studies to determine the cause of growth retardation before LTx are 
needed.



Growth and final height after liver transplantation during childhood 57

4

Acknowledgements
The authors thank Prof Dr. H. Delemarre- van de Waal for her critical comments, 
Prof. Dr. A.E.J. Dubois for critical reviewing the manuscript and Mrs. A.J.G.M. Gerver-
Jansen for constructing the figures and working out the layout of the article. 

References
 1.  Busschbach JJ, Rikken B, Grobbee DE, et al. Quality of life in short adults. Horm Res 

1998;49:32-38.
 2.  Kelly DA. Nutrition and growth in patients with chronic liver disease. �ndian J Pediatr 

1995;62:533-544.
 3.  Kelly DA. Nutritional factors affecting growth before and after liver transplantation. 

Pediatr Transplant 1997;1:80-84.
 4.  Viner RM, Forton JT, Cole TJ, et al. Growth of long-term survivors of liver 

transplantation. Arch Dis Child 1999;80:235-240.
 5.  Bartosh SM, Thomas SE, Sutton MM, et al. Linear growth after pediatric liver 

transplantation. J Pediatr 1999;135:624-631.
 6.  Bucuvalas JC, Horn JA, Chernausek SD. Resistance to growth hormone in children with 

chronic liver disease. Pediatr Transplant 1997;1:73-79.
 7.  Hashikura Y, Kawasaki S, Terada M, et al. Long-term results of living-related donor 

liver graft transplantation: a single-center analysis of 110 transplants. Transplantation 
2001;72:95-99.

 8.  Jara P, Diaz MC, Hierro L, de l, et al. Growth and height in children after liver 
transplantation. Transpl �nt 1996;9 Suppl 1:S160-S163.

 9.  Kelly DA. Posttransplant growth failure in children. Liver Transpl Surg 1997;3(Suppl 
1):S32-S39.

 10.  Renz JF, de RM, Rosenthal P, Mudge et al. Posttransplantation growth in pediatric liver 
recipients. Liver Transpl 2001;7:1040-1055.

 11.  Holt R�, Broide E, Buchanan CR, et al. Orthotopic liver transplantation reverses the 
adverse nutritional changes of end-stage liver disease in children. Am J Clin Nutr 
1997;65:534-542.

 12.  Okajima H, Shigeno C, �nomata Y, et al. Long-term effects of liver transplantation on 
bone mineral density in children with end-stage liver disease: a 2-year prospective 
study. Liver Transpl 2003;9:360-364.

 13.  Peeters PM, Sieders E, Ten Vergert EM, et al. Analysis of growth in children after 
orthotopic liver transplantation. Transpl �nt 1996;9:581-588.

 14.  van Mourik �, Beath SV, Brook GA,  et al. Long-term nutritional and 
neurodevelopmental outcome of liver transplantation in infants aged less than 12 
months. J Pediatr Gastroenterol Nutr 2000;30:269-275.

 15.  McDiarmid SV, Gornbein JA, DeSilva PJ, et al. Factors affecting growth after pediatric 
liver transplantation. Transplantation 1999;67:404-411.

 16.  Evans �V, Belle SH, Wei Y, et al.  Post-transplantation growth among pediatric 
recipients of liver transplantation. Pediatr Transplant 2005;9:480-485.

 17.  Fine RN. Growth following solid-organ transplantation. Pediatr Transplant 2002;6:47-52.
 18.  Fredriks AM, Van BS, Burgmeijer RJ, Meulmeester JF, et al. Continuing positive secular 

growth change in The Netherlands 1955-1997. Pediatr Res 2000;47:316-323.
 19.  Luo ZC, Karlberg J. Critical growth phases for adult shortness. Am J Epidemiol 

2000;152:125-131.
 20.  Tanaka T, Komatsu K, Takada G, Miyashita M, Ohno T. Probability estimation of final 

height. Endocr J 1998;45 Suppl:S145-S149.



58 Chapter 4

 21.  Tanner JM, Goldstein H, Whitehouse RH. Standards for children’s height at ages 2-9 
years allowing for heights of parents. Arch Dis Child 1970;45:755-762.

 22.  Cameron N. BAS�C programs for the assessment of skeletal maturity and the 
prediction of adult height using the Tanner-Whitehouse method. Ann Hum Biol 
1984;11:261-264.

 23.  Starzl TE, Groth CG, Putnam CW, et al. Cyclophosphamide for clinical renal and 
hepatic transplantation. Transplant Proc 1973;5:511-516.

 24.  Drayer NM. Clinical usefulness of bone age determination in the management of tall 
stature. Acta Paediatr Suppl 1997;423:115-116.

 25.  Boersma B, Wit JM. Catch-up growth. Endocr Rev 1997;18:646-661.
 26.  Ranke MB, Guilbaud O, Lindberg A, et al.. Prediction of the growth response in 

children with various growth disorders treated with growth hormone: analyses of data 
from the Kabi Pharmacia �nternational Growth Study. �nternational Board of the Kabi 
Pharmacia �nternational Growth Study. Acta Paediatr Suppl 1993;82 Suppl 391:82-88.

 27.  Codoner-Franch P, Bernard O, Alvarez F. Long-term follow-up of growth in height after 
successful liver transplantation. J Pediatr 1994;124:368-373.

 28.  Buzi F, Bontempelli AM, Alberti D, et al.. Growth, insulin-like growth factor � (�GF-�), and 
�GF-binding proteins 1 and 3 in children with severe liver disease before and after liver 
transplantation: a longitudinal and cross-sectional study. Pediatr Res 1998;43:478-483.

 29.  Chin SE, Shepherd RW, Cleghorn GJ,  et al. Survival, growth and quality of life in 
children after orthotopic liver transplantation: a 5 year experience. J Paediatr Child 
Health 1991;27:380-385.

 30.  Nucci AM, Barksdale EM, Jr., Beserock N, et al. Long-term nutritional outcome after 
pediatric intestinal transplantation. J Pediatr Surg 2002;37:460-463.

 31.  Pasqualini T, Ferraris JR, Jasper H, et al. Differences in anthropometric parameters 
and the �FG-�-�GFBP3 axis between liver and renal transplant children. Transplantation 
2000;70:472-476.

 32.  Balistreri WF, Bucuvalas JC, Ryckman FC. The effect of immunosuppression on growth 
and development. Liver Transpl Surg 1995;1(Suppl 1):64-73.

 33.  Orii T, Ohkohchi N, Koyamada N,  et al. Growth of pediatric patients with biliary 
atresia after liver transplantation: influence of age at transplantation and steroid 
administration. Transplant Proc 2000;32:2210-2212.

 34.  �nfante D, Tormo R, Castro de KC, et al. Changes in growth, growth hormone, and 
insulin-like growth factor-� (�GF-�) after orthotopic liver transplantation. Pediatr Surg 
�nt 1998;13:323-326.

 35.  Rodeck B, Kardorff R, Melter M, et al. �mprovement of growth after growth hormone 
treatment in children who undergo liver transplantation. J Pediatr Gastroenterol Nutr 
2000;31: 286-290.

 36.  Sarna S, Ronnholm K, Sipila �, et al. Provocative growth hormone testing is not 
required before initiation of rhGH treatment in children with renal and liver 
transplants. Br J Clin Pract Suppl 1996;85:41-43.

 37.  Schalch DS, Kalayoglu M, Pirsch JD, et al. Serum insulin-like growth factors and their 
binding proteins in patients with hepatic failure and after liver transplantation. 
Metabolism 1998;47:200-206.

 38.  Boersma B, Otten BJ, Stoelinga GB, et al. Catch-up growth after prolonged 
hypothyroidism. Eur J Pediatr 1996;155:362-367.

 39.  Diem HV, Sokal EM, Janssen M, et al. Steroid withdrawal after pediatric liver 
transplantation: a long-term follow-up study in 109 recipients. Transplantation 2003 
May 27;75:1664-1670.

 40.  McDiarmid SV, Farmer DA, Goldstein L�, et al. A randomized prospective trial of steroid 
withdrawal after liver transplantation. Transplantation 1995;60:1443-1450.

 41.  Lopez-Espinosa JA, Yeste-Fernandez D, �glesias-Berengue J, et al. Factors affecting catch-
up growth after liver transplantation. J Pediatr Endocrinol Metab 2004;17:1097-1103.

 42.  Reding R, Gras J, Sokal E, et al. Steroid-free liver transplantation in children. Lancet 
2003;362:2068-2070.








