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Abstract
We addressed growth of biliary atresia (BA) patients living with native livers between ages 0–6 and effects of post-surgical
corticosteroid treatment on growth. Growth charts of 28 BA patients born in Finland between 1987 and 2017 were retrospectively
evaluated. Dosage and length of corticosteroid treatment and hydrocortisone substitution were reviewed. At birth, BA patients
were shorter (median height − 0.6 (interquartile range (IQR) − 1.3 to − 0.1) SDS, n = 28, P < 0.001) than general population.
Height remained stable during early childhood (median height − 0.6 (IQR − 1.4 to 0.1) SDS for girls and − 0.4 (IQR − 1.6 to 0.2)
SDS for boys at 6 years of age). Patients were of normal height adjusted weight at 6 years with a median age and sex-adjusted
body mass index (ISO-BMI) of 20.9 (IQR 19.3 to 25.0) for girls and 22.1 (IQR 20.7 to 25.6) for boys. Higher (≥ 50 mg/kg)
cumulative post-portoenterostomy prednisolone dosage resulted in 0.18 SDS lower height per treatment week (β − 0.18, SE 0.04,
P < 0.001) compared to lower dosage (< 50 mg/kg).
Conclusion: BA patients grow normally during early childhood. As high postoperative corticosteroid dosage has a short-term
negative effect on height, very high dosages should be avoided.
What Is Known:
• Growth of biliary atresia patients has mostly been shown to be within normal limits
• Corticosteroids may decrease growth rate
What Is New:
• Biliary atresia patients surviving with their native livers are shorter than general population and their mid-parental target height at birth
• A high (> 50 mg/kg) cumulative prednisolone dosage has a negative transitory impact on height gain after portoenterostomy
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Abbreviations
BA
Biliary atresia
BASM
Biliary atresia splenic malformation
COJ
Clearance of jaundice
DW%
Weight-for-length
IQR
Interquartile range
ISO-BMI Age- and sex-adjusted body mass index
LT
Liver transplantation
MPH
Mid-parental target height
PE
Portoenterostomy
SDS
Standard deviation scores

Introduction
Biliary atresia (BA) is an idiopathic fibro-obstructive
cholangiopathy manifesting in infancy [20]. The incidence
of BA is varied between 1:8000 and 1:10000 reported in
Asia to 1:17000–1:20000 in Northern Europe [26–28].
Untreated, obstruction of intra- and extrahepatic biliary tracks
leads to fibrosis, liver failure, and death in the first 2 years. The
current first-line surgical treatment is portoenterostomy (PE).
Provided PE restores adequate bile flow, between 23% and
44% of patients survive with native livers until the age of 20
[10, 29, 41]. Liver transplantation (LT) remains a second-line
treatment option and BA is the most common indication for
childhood LTs [20, 30].
Following PE, commonly used adjunct postoperative management includes ursodeoxycholic acid, prophylactic antibiotic treatment, and nutritional management [11, 47, 49].
Corticosteroids may improve clearance of jaundice (COJ)
rates but potential side effects include an elevated risk for
infections, gastrointestinal bleeding, osteoporosis, and poor
growth [5, 7, 9]. Growth patterns of patients surviving with
their native livers have rarely been reported on, and data on the
effect post-PE corticosteroids have on growth are very limited
[1, 5, 12, 34]. The aim of this study was to characterize growth
of BA patients surviving with their native livers between the
ages 0–6. Furthermore, we measured the effect of post-PE
corticosteroids on growth.

Methods
Patients
We included term BA patients born in Finland between
1987 and 2017 who had normalized their bilirubin <
20 μmol/l after PE, were at least 4 months old, and were
living with their native livers as of 31st of December
2017. Data on gestational age, birth height, and weight,
associated congenital malformations, BA-type [36], age at
surgery, serial height and weight measurements,
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corticosteroid treatment, and subsequent hydrocortisone
substitution were retrospectively collected from medical
records. Term infant was defined as weight at or above
2500 g and gestational age between 37 and 42 weeks at
birth. Biliary atresia splenic malformation (BASM) was
defined as presence of poly- or asplenia [8]. Clearance
of jaundice was defined as serum total bilirubin <
20 μmol/L.

Growth data
Height and weight at birth as well as at 3, 6, 9, 12, 15, 18,
21, and 24 months and at yearly intervals between 2 and
20 years of age were retrospectively collected from medical records. Height and weight at PE and at 1, 2, 3, 4, 5,
6, 9, 12, 15, 18, 21, and 24 months after PE were also
retrieved from medical records. For the first year, measurements performed within a ± 4-week period of the exact time point were accepted but for growth data after
portoenterostomy, for the first 12 months, the nearest
available measurement was accepted if it was within a ±
2-week period of the exact time point. After 12 months,
measurements within a ± 6-week period of the except time
point were accepted.
Height was analyzed as standard deviation scores
(SDS) from the mean of age- and sex-adjusted national
values [39]. Normal height was defined as height SDS
between − 2.0 and 2.0. Mid-parental target height SDS
were calculated according to the equations: 0.791 × mean
parental height SDS − 0.147 for girls and 0.886 × mean
parental height SDS – 0.071 for boys [40]. Between birth
and 2 years of age, relative weight was analyzed as
weight-for-length, i.e., the percentage deviation of weight
from the median weight for length and sex (DW%) [39,
44]. After the age of 2, relative weight was analyzed with
age- and sex-adjusted body mass index (ISO-BMI) [39].
During the first 2 years, underweight was defined as
DW% < − 20.0, normal weight as DW% between − 20.0
and + 20.0 and overweight as DW% > 20.0 [39, 44]. For
relative weight between ages 2–6, the following ISO-BMI
categories were used: underweight (< 17 kg/m2), normal
weight (17–25 kg/m2), overweight (> 25 kg/ m 2), and
obesity (> 30 kg/m2) [39]. While calculating changes in
relative weight after portoenterostomy, relative weight
was analyzed as weight-for-length for consistency. The
most recently published national reference data was used
for calculation of SDS of weight and length [39].

Corticosteroid treatment
Cumulative dosage of glucocorticoid treatment after PE,
the length and dosage of subsequent hydrocortisone substitution regimen, and measured serum cortisol values
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after corticosteroid treatment were reviewed from patient
records. Corticosteroid dosage was converted to equivalents
of prednisolone, and total cumulative dosage of prednisolone
(mg) per weight (kg) was calculated. In converting, 5 mg of
prednisolone was considered to be equivalent to 5 mg of prednisone, 20 mg of hydrocortisone, 670 μg of dexamethasone,
and 4 mg of methylprednisolone [31]. A high total prednisolone dosage was considered to be ≥50 mg/kg [9]. All possible
glucocorticoid usages related or unrelated to BA after the initial treatment period were recorded. The relationship of cumulative glucocorticoid dosage to changes in relative height and
weight 2 years after PE were analyzed. While analyzing the
impact corticosteroids had on growth, possible impact was
hypothesized to start at the beginning of medication and continue until 24 months. Prior to national centralization of BA
treatment in 2005 [26], varied postoperative management protocols were used with a median cumulative postsurgical corticosteroid dosage corresponding to 50 mg/kg (IQR 26 to 62)
of prednisolone. After centralization, adjuvant corticosteroid
therapy after PE has been used [22]. Between 2005 and 2014,
corticosteroid therapy with oral dexamethasone corresponded
to cumulative dosage of 45 mg/kg of prednisolone; since
2015, the dosage has corresponded to 75 mg/kg of
prednisolone.

Statistical methods
Values are expressed as medians with interquartile range
(IQR) unless otherwise stated. Wilcoxon signed-rank test
was used to compare matched groups. Growth of patients
was modeled using linear mixed models [4]. Models included random effect of participants on all time terms.
Analyses were carried out in R version 3.4.1 using packages lme4 and lmerTest [25, 38]. Degrees of freedom
were estimated using Satterthwaite approximations. The
statistically significant level was set to P < 0.05.

Results
Patient characteristics
During the study period, 96 patients were diagnosed with
BA in Finland. Of these, 30 patients had died, 28 were
alive with a liver transplant (median age at transplantation
1.45 (0.84 to 2.51) years), 3 were born preterm and 1 had
a birthweight < 2500 g. Thus, 34 patients fulfilled the
initial inclusion criteria. Six patients were excluded as
follows: two because of missing height measurements at
birth and four because both parents were non-European.
As shown in Table 1, median gestational age was
39 weeks. Most patients were diagnosed with BA type 3
and PE was performed at median age 63 days. Median
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follow-up age was 8.1 years and patients had wellpreserved liver function.

Height gain between 0 and 6 years
At birth, BA patients were shorter (median height − 0.6 (− 1.3
to − 0.1) SDS for all patients, n = 28, P < 0.001) than the general population. Median height SDS of patients with midparental target height (MPH) data (n = 20) was − 0.2 (− 1.2
to 0.2), which was 0.1 SDS below their median MPH of −
0.1 (− 0.4 to 0.4) SDS (median difference 0.3, n = 20,
P < 0.05).
Growth rate appeared to slow down during the first
3 months, as median height for all patients at 3 months was
− 1.70 (− 2.3 to − 1.1) SDS. Change in growth rate was more
drastic for boys (n = 13); their median SDS changed from −
0.6 (− 1.5 to − 0.1) at birth to − 1.8 (− 2.5 to − 0.8) at 3 months
while girls’ (n = 15) median SDS changed from − 0.7 (− 0.7 to
0.4) SDS to − 1.4 (− 1.8 to − 1.1) SDS (Fig. 1). At 6 months,
boys’ growth rate accelerated as median height for all patients
was − 1.2 (− 2.2 to − 0.7) SDS, − 1.2 (− 2.1 to − 0.5) SDS for
boys and − 1.3 (− 2.3 to − 0.7) SDS for girls. Between 6 and
24 months, growth rate was stable (Fig. 1). At 2 years, patients
remained shorter (median height for all patients − 0.8 (− 1.2 to
− 0.1) SDS) than the general population. At 2 years, 11/13
(85%) of the patients had height SDS below MPH (median
difference = 0.8, n = 13, P < 0.05).
Height gain was stable between ages 2–6. Girls’ height was
unaltered with median height at − 0.6 (− 1.2 to − 0.1 and − 1.4
to 0.1 at 2 and 6 years, respectively) SDS while boys’ median
height changed from − 0.9 (− 1.3 to 0.0) SDS to − 0.4 (− 1.6 to
0.2) SDS.

Weight gain between 0 and 6 years
At birth, patients were of normal weight with median 0.0 (−
5.0 to 5.5) DW% for all, 2.0 (− 5.0 to 6.0) DW% for girls and
0.0 (− 6.0 to 4.5) DW% for boys. During the first 2 years, both
genders remained of normal weight with median of 2.5 (− 1.0
to 10.5) DW% for all, − 1.0 (− 3.5 to 4.0) DW% for girls and
8.0 (2.5 to 17.5) DW% for boys at 2 years of age (Fig. 1).
When analyzing with ISO-BMI, at 2 years, overall median ISO-BMI was 24.1 (20.5 to 28.8), i.e., on the upper
margin of normal range. There was a distinct difference
between genders; girls were of normal weight with median of 21.1 (19.7 to 23.3) ISO-BMI while boys were overweight with a median of 25.9 (24.1 to 32.3) ISO-BMI
(Fig. 2). Girls’ weight remained constant between ages
2–6 years with a median of 20.9 (19.3 to 25.0) ISOBMI at 6 years. Boys’ weight decreased slightly with −
1.06 (β − 1.06, SE 0.33, P < 0.05) ISO-BMI yearly with
median ISO-BMI at 22.1 (20.7 to 25.6) at 6 years (Fig. 2).
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Postoperative corticosteroid treatment and growth
Complete data for postsurgical corticosteroid treatment was
available for 24 out of 28 patients, including 3 patients not
treated with corticosteroids. Corticosteroid treatment started at
median 5 (range 4–17) days after PE at median age of 70
(range 18–167) days. The median length of corticosteroidtreatment was 18.5 (range 0–49) days. Sixteen patients received hydrocortisone substitution. Total median cumulative
corticosteroid dosage was 277.6 (186.6 to 374.2) mg and 63.6
(47.7 to 74.6) mg/kg of prednisolone excluding hydrocortisone substitution. Median hydrocortisone dosage during the
first 30 days of substitution was 8.2 (range 5.0–21.2) mg/m2/
day and median treatment length was 37 (range 12–133) days.
Serum cortisol values were suppressed after glucocorticoid
treatment in 12 out of 19 patients (63%) with measured values.
At PE (median age 65 (IQR 26 to 90) days), patients were
1.51 (β − 1.51, SE 0.19, P < 0.001) SDS shorter than the
Table 1

general population. A growth model for cumulative prednisolone dosage showed 0.16 (β − 0.16, SE 0.04, P < 0.001) SDS
decrease in height for each 100 mg of prednisolone. In a
mixed model, there was 0.18 (β − 0.18, SE 0.04, P < 0.001)
SDS decrease in height for each 100 mg of prednisolone while
hydrocortisone substitution caused faint 0.07 (β 0.07, SE 0.02,
P < 0.05) SDS increase in height per treatment week. A
weight-adjusted dosage model showed negative effect on
height with 0.25 (β − 0.25, SE 0.05, P < 0.001) SDS decrease
for each 100 mg of prednisolone per treatment week. In a
mixed model, weight-adjusted dosage of prednisolone demonstrated 0.27 (β − 0.27, SE 0.05, P < 0.001) SDS decrease
for each 100 mg of prednisolone per treatment week while
hydrocortisone substitution caused 0.07 (β 0.07, SE 0.02,
P < 0.01) SDS increase in height per week. A higher total
corticosteroid dosage (> 50 mg/kg) resulted in 0.18 (β −
0.18, SE 0.04, P < 0.001) SDS lower height per treatment
week compared to lower dosage. The effect remained in a

Patient characteristics
All patients

Patients with glucocorticoid data

Number of patients

28

24

Gestational age, wk, median (IQR)
Females, n (%)
Birth weight, median (IQR)
kg
%

39 (38–40)
15 (54)

39 (38–40)
12 (50)

3.340 (3.081–3.669)
0.0 (− 5.0–5.5)

3.363 (3.081–3.669)
0.0 (− 6.5–5.5)

50.0 (48.6–51.0)

50.0 (49.0–51.0)

SD
Biliary atresia type n (%)
1

− 0.6 (− 2.2–(− 0.1))

− 0.6 (− 1.0–0.3)

0 (0.0)

0 (0.0)

2
3
Biliary atresia splenic malformation, n (%)
Any other anomaly, n (%)
Age at portoenterostomy (PE), days, median (IQR)
Time to clearance of jaundice, months, median (IQR)
Diagnosed with portal hypertension, n (%)
Age at last follow-up, years, median (range)

2 (7.1)
26 (92.9)
3 (11)
10 (36)
63 (24–83)
2 (1–3)
12 (43)
8.1 (0.3–19.7)

0 (0.0)
24 (100)
3 (13)
8 (33)
65 (26–90)
2.5 (1–3.8)
12 (50)
7.8 (0.3–19.7)

Biochemical markers at last follow-up:
Bilirubin, μmol/L, median (IQR)
Conjugated bilirubin, μmol/L, median (IQR)
Alanine aminotransferase, U/L, median (IQR)
Aspartate aminotransferase, U/L, median (IQR)
Glutamyl transferase, U/L, median (IQR)
Albumin, g/L, median (IQR)
Thromboplastin time %, median (IQR)
Thrombocytes, × 109/L, median (IQR)

8.5 (7–14)
4 (3–7)
40 (19–76)
54 (34–90)
48 (21–100)
38 (32–40)
87 (73–100)
174 (79–268)

8.5 (5.5–14.8)
4.0 (3–7.8)
55 (27–77)
57 (42–100)
65 (27–105)
37 (32–40)
87 (73–105)
155 (71–268)

Birth height, median (IQR)
cm

IQR interquartile range, PE = portoenterostomy. Biliary atresia types as defined by Ohi et al. [18], portal hypertension as defined by Shneider et al. [42]
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a.

b.

c.

d.

e.

f.

Fig. 1 Growth of BA patients during first 2 years, postnatal age, 3-month
intervals. a Height SDS of all patients. b Height SDS of girls. c Height
SDS of boys. d Weight-for-length (DW%) of all patients. e Weight-forlength (DW%) of girls. f Weight-for-length of boys (DW%). Gray area
between dashed lines: normal weight with DW%. Data are presented with

median and interquartile range (percentile 25–75). SDS, standard deviation scores from the mean of age- and sex-adjusted value; DW%, percentage deviation of weight from median weight for length and sex;
MPH, mid-parental target height

Fig. 2 Growth of BA patients between 2 to 6 years with yearly intervals.
a Height SDS of all patients. b Height SDS of girls. c Height SDS of
boys. d Weight ISO-BMI of all patients. e Weight ISO-BMI of girls. f.
Weight ISO-BMI of boys. Gray area between dashed lines: normal

weight with ISO-BMI. Data are presented with median and interquartile
range (percentile 25–75). SDS, standard deviation scores from the mean
of age- and sex-adjusted value; ISO-BMI, age- and sex-adjusted body
mass index
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model including higher corticosteroid dosage (β − 0.21, SE
0.04, P < 0.001) and hydrocortisone substitution (β − 0.05,
SE 0.02, P < 0.01). Suppression of cortisol production caused
1.37 (β − 1.37, SE 0.55, P < 0.05) SDS decrease per week in
height compared to unsuppressed patients (Table 2).
Patients were of normal weight with − 0.44 (β − 0.44, SE
1.53, P 0.776) DW% at time of portoenterostomy. A growth
model for total cumulative prednisolone showed no effect on
weight, nor did a growth model combining cumulative prednisolone and hydrocortisone substitution (Table 2). A growth
model with weight-adjusted corticosteroid dosage showed no
effect of prednisolone on weight nor did a model combining
weight-adjusted dosage and hydrocortisone substitution
(Table 2). A higher total corticosteroid dosage caused 1.12 (β
1.12, SE 0.36, P < 0.01) DW% increase in weight per treatment
week compared to lower dosage, the effect remained (β 0.87,
SE 0.38, P < 0.05) in a mixed model including hydrocortisone

substitution (β 0.32, SE 0.15, P < 0.05). Suppression of cortisol
production had no effect (Table 2).

Table 2 Linear mixed models’ results for height and weight for
different parameters. The estimates are for either changes in
standardized height (SD) or ISO-BMI. Models for (1.) time only, (2.) time
and cumulative prednisolone, (3a.) time and weight-adjusted

prednisolone, (4a.) time and high prednisolone dosage, and (5.) time
and cortisol suppression. The (b) models extended the (a) models with
hydrocortisone substitution

Models for heighta:

Parameter

1.

Intercept

2 a.
b.
3 a.
b.

4 a.
b.
5.
Models for weighta:
1.
2 a.
b.
3 a.
b.

4 a.
b.
5.
a

Discussion
We describe growth patterns of term BA patients living with
native livers from birth until early childhood. We found that
they are shorter than general population and their mid-parental
target height at birth. Their height gain remains constant during infancy and early childhood. BA patients were born of
normal weight and remained of normal weight during first
2 years. Girls remained of normal weight between 2 and
6 years whereas boys’ weight, while analyzed with ISOBMI, slimmed down from overweight to normal weight. A
high cumulative corticosteroid treatment dosage had a marked
temporary negative impact on height gain.

Estimate, β

Standard error, SE

P

− 1.51

0.19

< 0.001

Time, 1 month
Cumulative prednisolone per 100 mg
Cumulative prednisolone per 100 mg
Hydrocortisone substitution per week

0.05
− 0.16
− 0.18
0.07

0.01
0.04
0.04
0.02

< 0.001
< 0.001
< 0.001
0.007

Weight-adjusted prednisolone per
100 mg per week
Weight-adjusted prednisolone per
100 mg per week
Hydrocortisone substitution per week
High dosage per week

− 0.25

0.05

< 0.001

− 0.27

0.05

< 0.001

0.07
− 0.18

0.02
0.04

0.004
< 0.001

High dosage per week
Hydrocortisone substitution per week
Cortisol suppression per week

− 0.21
− 0.05
− 1.37

0.04
0.02
0.55

< 0.001
0.006
0.014

Intercept
Time, 1 month
Cumulative prednisolone per 100 mg
Cumulative prednisolone per 100 mg
Hydrocortisone substitution per week
Weight-adjusted prednisolone per
100 mg per week
Weight-adjusted prednisolone per
100 mg per week
Hydrocortisone substitution per week
High dosage per week
High dosage per week
Hydrocortisone substitution per week
Cortisol suppression per weeks

− 0.44
0.31
0.58
0.47
0.15
0.32

1.53
0.11
0.40
0.42
0.17
0.47

0.776
0.011
0.144
0.263
0.384
0.496

0.16

0.49

0.751

0.19
1.12
0.87
0.32
2.43

0.17
0.36
0.38
0.15
5.15

0.259
0.002
0.024
0.033
0.638

All models adjusted for follow-up time, except for the first (1.) time only univariate model
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Results on weight varied at 2 years of age depending
whether relative weight was analyzed with DW% or ISOBMI; when analyzed with DW%, both girls and boys were
of normal weight whereas boys were overweight when analyzed with ISO-BMI. This discrepancy likely stems from the
fact that there is no known correlation of DW% and ISO-BMI
between ages 0 to 2. Single USA-based study comprising
4348 children found poor correlation between weight-forheight and BMI-for-age between ages 2–5. In line with our
findings, high percentage (63.4%) of children had lower
weight-for-height percentile than BMI-for-age percentile at
the same age [16].
Patients in our study are shorter than general population
and their mid-parental target height at birth. BA associated
with cytomegalovirus infection has been described to have
worse clinical outcome with increased mortality [50], although a previous study from Sweden yielded equal clinical
results independent of cytomegalovirus status [15].
Symptomatic congenital cytomegalovirus infection may manifest as stunted growth especially affecting birth weight, however, the vast majority of children with congenital cytomegalovirus infection are asymptomatic [6, 13, 33]. As none of the
patients in our study were diagnosed with cytomegalovirus
infection, it is unlikely that this virus caused the diminished
birth height.
Published data assessing growth of nonjaundiced children
with BA living with native livers in early childhood are sparse.
Sokol et al. [43] found depressed height and weight z-scores
but normal weight-for-height z-scores for 32 BA patients in
early childhood. However, as 21 out of 32 patients in their
cohort had signs of cirrhosis although patients were clinically
stable, it is likely that our study group consists of healthier
patients. Karrer et al. [23] reported normal height scores for
the majority of 30 patients surviving at least 10 years after
portoenterostomy but their results also included transplanted
patients. Thirty-five out of 38 nonjaundiced BA patients surviving with native livers at least 10 years were reported to
have normal growth by Valayer [46]. Hadzić et al. [19] found
normal height and weight z-scores at follow-up in 28 BA
patients living with native livers, these patients were also considerable older adolescents compared to our cohort (median
age 13.4 (range 10.2–22.2) years vs 8.1 (range 0.3–19.7) years
in our cohort). Ng et al. [34] reported normal median height
and weight z-scores for 219 BA patients (median age 9.7
(range 5.1–17.9)) living with native livers at least 5 years after
portoenterostomy. Similarly to our findings, Arvay et al. [2]
described decreased height-for-age and normal weight-for-age
in a group of 10 BA patients living with native livers between
ages 1 to 12. Interestingly, they found BMI and weight-for-age
z-scores inversely correlated with age [2]. In our study, boys
weight decreased between ages 2 to 6. While it is possible to
argue that lower relative weight might reflect poorer nutritional status, patients in our study demonstrated unaltered height
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gain and were of normal weight at the end of follow-up
suggesting adequate energy and protein intake to sustain
growth.
Postnatal corticosteroids have been used for prevention
and treatment of chronic lung disease in preterm infants
since 1980s [3]. In preterm infants, systemic corticosteroids have been shown to suppress growth [45, 48]. To
our best knowledge, there is only one prior study on the
effect of postoperative corticosteroid treatment on growth
of BA patients [1]. The role of postsurgical corticosteroids
remains polemic as previous studies from Asia [24, 32],
Europe [9], and the USA [14] have shown higher clearance of jaundice rates for patients treated with corticosteroids, but this beneficial finding was not reciprocated in a
large North-American placebo-controlled trial [5]. The
START trial [1, 5] recently reported lower than norms zscores for length from portoenterostomy (69 patients) until 24 months of age (35 patients) and for weight from
portoenterostomy (70 patients) until 18 months of age
(42 patients) for BA patients treated with post-surgical
corticosteroids (cumulative prednisolone dosage 116 mg/kg).
They also found significant difference between length z-scores
at 1, 2, and 3 months after portoenterostomy between patient
groups treated with corticosteroids or placebo (70 patients in
each group) [1]. In line with these findings, in our study, a
higher cumulative corticosteroid dosage (> 50 mg/kg) negatively associated with growth by temporarily significantly
slowing height gain. In contrast to START trial, we did not
observe a long-term negative impact of corticosteroids on
weight or height; this is most likely due to the lower dosage
of corticosteroids used in our cohort. In our cohort, growth
accelerated between 3 and 6 months of age (median age at
portoenterostomy for all patients was 63 days) and height gain
was stable after that. Although in cholestatic liver disease in
early childhood there are multiple factors, such as changes in
growth hormone function [17, 21], inadequate resorption of
nutrition [35], and elevated energy consumption [18, 37] possibly affecting growth; the impact of corticosteroids was clearly observable in our cohort of children with well-preserved
liver function.
Our study has some limitations. Because data were collected retrospectively, we were unable to capture complete growth
data for all patients at all time points. Secondly, patients’ nutritional status before PE and energy and protein intake during
follow-up could not be assessed reliably.
In conclusion, we found that BA patients surviving with
their native livers are shorter than their background population
at birth. Their height gain stays stable during early childhood.
High post-PE corticosteroid treatment dosage has a negative
impact on height gain and an observable positive impact on
weight gain compared to lower dosage, but these effects are of
short duration. However, as there are conflicting results regarding the beneficial effects of postsurgical corticosteroid

348

Eur J Pediatr (2019) 178:341–349

treatment for BA patients, it is wise to minimize the possible
risks of treatment and to avoid very high corticosteroid
dosages.
Authors’ contributions Satu Ruuska: acquired and analyzed the data,
drafted this manuscript, and agreed on the final version of this manuscript.
Mitja Lääperi: run statistical analysis of the study data together with
Satu Ruuska and agreed on the final version of this manuscript.
Maria Hukkinen: revised the manuscript critically and agreed on the
final version of this manuscript.
Hannu Jalanko: participated on the design of this study, revised the
manuscript critically, and agreed on the final version of this manuscript.
Kaija-Leena Kolho: designed the study, critically revised this manuscript, and agreed on the final version of this manuscript.
Mikko P Pakarinen: designed the study, provided funding of the study,
critically revised this manuscript, and agreed on the final version of this
manuscript.
Funding Open access funding provided by University of Helsinki including Helsinki University Central Hospital. This study was supported with
research grants by the Sigrid Jusélius Foundation, the Finnish Pediatric
Research Foundation, and the Helsinki University Central Hospital Grant.

5.

6.

7.

8.

9.

10.

Compliance with ethical standards
Conflict of interest The authors declare that they have no conflict of
interest.

11.

Ethical approval This study was approved by the Ethical Committee of
Helsinki University Hospital and in accordance with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

12.

Informed consent For this type of study formal consent is not required.
13.
Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

14.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

15.

References
1.

2.

3.

4.

Alonso EM, Ye W, Hawthorne K et al (2018) Impact of steroid
therapy on early growth in infants with biliary atresia: the multicenter steroids in biliary atresia randomized trial. J Pediatr. https://doi.
org/10.1016/j.jpeds.2018.07.002
Arvay JL, Zemel BS, Gallagher PR, Rovner AJ, Mulberg AE,
Stallings VA, Haber BA (2005) Body composition of children aged
1 to 12 years with biliary atresia or Alagille syndrome. J Pediatr
Gastroenterol Nutr 40:146–150. https://doi.org/10.1097/00005176200502000-00012
Bassler D, van den Anker J (2017) Inhaled drugs and systemic
corticosteroids for bronchopulmonary dysplasia. Pediatr Clin N
Am 64:1355–1367. https://doi.org/10.1016/j.pcl.2017.08.012
Bates D, Maechler M, Bolker B, Walker S (2015) Fitting linear
mixed-effects models using lme4. J Stat Softw 67:1–48. https://
doi.org/10.18637/jss.v067.i01

16.

17.

18.

19.

Bezerra JA, Spino C, Magee JC, Shneider BL, Rosenthal P, Wang
KS, Erlichman J, Haber B, Hertel PM, Karpen SJ, Kerkar N,
Loomes KM, Molleston JP, Murray KF, Romero R, Schwarz KB,
Shepherd R, Suchy FJ, Turmelle YP, Whitington PF, Moore J,
Sherker AH, Robuck PR, Sokol RJ, Childhood Liver Disease
Research and Education Network (ChiLDREN) (2014) Use of corticosteroids after hepatoportoenterostomy for bile drainage in infants with biliary atresia: the START randomized clinical trial.
JAMA 311:1750–1759. https://doi.org/10.1001/jama.2014.2623
Boppana SB, Ross SA, Fowler KB (2013) Congenital cytomegalovirus infection: clinical outcome. Clin Infect Dis 57:178–181.
https://doi.org/10.1093/cid/cit629
Chen Y, Nah SA, Chiang L, Krishnaswamy G, Low Y (2015)
Postoperative steroid therapy for biliary atresia: systematic review
and meta-analysis. J Pediatr Surg 50:1590–1594. https://doi.org/10.
1016/j.jpedsurg.2015.05.016
Davenport M, Tizzard SA, Underhill J, Mieli-Vergani G, Portmann
B, Hadzić N (2006) The biliary atresia splenic malformation syndrome: a 28-year single-center retrospective study. J Pediatr 149:
393–400. https://doi.org/10.1016/j.jpeds.2006.05.030
Davenport M, Parsons C, Tizzard S, Hadzic N (2013) Steroids in
biliary atresia: single surgeon, single centre, prospective study. J
Hepatol 59:1054–1058. https://doi.org/10.1016/j.jhep.2013.06.012
de Vries W, Homan-Van der Veen J, Hulscher JB, HoekstraWeebers JE, Houwen RH, Verkade HJ (2011) Twenty-year transplant-free survival rate among patients with biliary atresia. Clin
Gastroenterol Hepatol 9:1086–1091. https://doi.org/10.1016/j.cgh.
2011.07.024
Decharun K, Leys CM, West KW, Finnell SM (2016) Prophylactic
antibiotics for prevention of cholangitis in patients with biliary atresia status post-Kasai portoenterostomy: a systematic review. Clin
Pediatr 55:66–72. https://doi.org/10.1177/0009922815594760
Derusso PA, Ye W, Shepherd R et al (2007) Growth failure and
outcomes in infants with biliary atresia: a report from the biliary
atresia research consortium. Hepatology 46:1632–1638. https://doi.
org/10.1002/hep.21923
Dreher AM, Arora N, Fowler KB, Novak Z, Britt WJ, Boppana SB,
Ross SA (2014) Spectrum of disease and outcome in children with
symptomatic congenital cytomegalovirus infection. J Pediatr 164:
855–859. https://doi.org/10.1016/j.jpeds.2013.12.007
Escobar MA, Jay CL, Brooks RM, West KW, Rescorla FJ,
Molleston JP, Grosfeld JL (2006) Effect of corticosteroid therapy
on outcomes in biliary atresia after Kasai portoenterostomy. J
Pediatr Surg 41:99–103. https://doi.org/10.1016/j.jpedsurg.2005.
10.072
Fiscler B, Svensson JF, Nemeth A (2009) Early cytomegalovirus
infection and long-term outcome of biliary atresia. Acta Paediatr 98:
1600–1602. https://doi.org/10.1111/j.1651-2227.2009.01416.x
Flegal KM, Wei R, Ogden C (2002) Weight-for-stature compared
with body mass index-for-age growth charts for the United States
from the Centers for Disease Control and Prevention. Am J Clin
Nutr 75:761–766. https://doi.org/10.1093/ajcn/75.4.761
Greer RM, Quirk P, Cleghorn GJ, Shepherd RW (1998) Growth
hormone resistance and somatomedins in children with end-stage
liver disease awaiting transplantation. J Pediatr Gastroenterol Nutr
27:148–154. https://doi.org/10.1097/00005176-199808000-00004
Greer R, Lehnert M, Lewindon P, Cleghorn GJ, Shepherd RW
(2003) Body composition and components of energy expenditure
in children with end-stage liver disease. J Pediatr Gastroenterol
Nutr 36:358–363. https://doi.org/10.1097/00005176-20030300000010
Hadzić N, Davenport M, Tizzard S, Singer J, Howard ER, MieliVergani G (2003) Long-term survival following Kasai
portoenterostomy: is chronic liver disease inevitable? J Pediatr
Gastroenterol Nutr 37:430–433. https://doi.org/10.1097/
00005176-200310000-00006

Eur J Pediatr (2019) 178:341–349
20.

Hartley JL, Davenport M, Kelly DA (2009) Biliary atresia. Lancet
374:1704–1713. https://doi.org/10.1016/S0140-6736(09)60946-6
21. Holt RI, Crossey PA, Jones JS, Baker AJ, Portmann B, Miell JP
(1997) Hepatic growth hormone receptor, insulin-like growth factor
I, and insulin-like growth factor-binding protein messenger RNA
expression in pediatric liver disease. Hepatology 26:1600–1606.
https://doi.org/10.1002/hep.510260631
22. Hukkinen M, Kerola A, Lohi J, Heikkilä P, Merras-Salmio L,
Jahnukainen T, Koivusalo A, Jalanko H, Pakarinen MP (2018)
Treatment policy and liver histopathology predict biliary atresia
outcomes: results after national centralization and protocol biopsies. J Am Coll Surg 226:46–57. https://doi.org/10.1016/j.
jamcollsurg.2017.09.009
23. Karrer FM, Price MR, Bensard DD, Sokol RJ, Narkewicz MR,
Smith DJ, Lilly JR (1996) Long-term results with the Kasai operation for biliary atresia. Arch Surg 131:493–496. https://doi.org/10.
1001/archsurg.1996.01430170039006
24. Kobayashi H, Yamataka A, Koga H, Okazaki T, Tamura T, Urao M,
Yanai T, Lane GJ, Miyano T (2005) Optimum prednisolone usage
in patients with biliary atresia postportoenterostomy. J Pediatr Surg
40:327–330. https://doi.org/10.1016/j.jpedsurg.2004.10.017
25. Kuznetsova A, Brockhoff PB, Christensen RHB (2017) Lmertest
package: tests in linear mixed effects models. J Stat Softw 82:1–26.
https://doi.org/10.18637/jss.v082.i13
26. Lampela H, Ritvanen A, Kosola S, Koivusalo A, Rintala R, Jalanko
H, Pakarinen M (2012) National centralization of biliary atresia care
to an assigned multidisciplinary team provides high-quality outcomes. Scand J Gastroenterol 47:99–107. https://doi.org/10.3109/
00365521.2011.627446
27. Lin YC, Chang MH, Liao SF, Wu JF, Ni YH, Tiao MM, Lai MW,
Lee HC, Lin CC, Wu TC, Lau BH, Tsai TC, Yang YJ, Chen AC,
Shih HH, Lee IH, Lee WC, Chen HL, Hsu HY, Chiou ST, the
Taiwan Infant Stool Color Card Study Group (2011) Decreasing
rate of biliary atresia in Taiwan: a survey 2004-2009. Pediatrics
128:530–536. https://doi.org/10.1542/peds.2011-0742
28. Livesey E, Cortina Borja M, Sharif K, Alizai N, McClean P, Kelly
D, Hadzic N, Davenport M (2009) Epidemiology of biliary atresia
in England and Wales (1999-2006). Arch Dis Child Fetal Neonatal
Ed 94:451–455. https://doi.org/10.1136/adc.2009.159780
29. Lykavieris P, Chardot C, Sokhn M, Gauthier F, Valayer J, Bernard
O (2005) Outcome in adulthood of biliary atresia: a study of 63
patients who survived for over 20 years with their native liver.
Hepatology 41:366–371. https://doi.org/10.1002/hep.20547
30. Martinelli J, Habes D, Majed L, Guettier C, Gonzalès E, Linglart A,
Larue C, Furlan V, Pariente D, Baujard C, Branchereau S, Gauthier
F, Jacquemin E, Bernard O (2018) Long-term outcome of liver
transplantation in children: a study of 20-year survivors. Am J
Transplant 18:1680–1689. https://doi.org/10.1111/ajt.14626
31. Miller WL, Flück CE (2014) Adrenal cortex and its disorders. In:
Sperling M (ed) Pediatric endocrinology, 4th edn. Elsevier Inc,
Philadelphia, pp 471–523.e1
32. Muraji T, Higastohimoto Y (1997) The improved outlook for biliary atresia with corticosteroid therapy. J Pediatr Surg 32:1103–
1106. https://doi.org/10.1016/S0022-3468(97)90408-5
33. Mussi-Pinhata MM, Yamamoto AY, Moura Brito RM, de Lima
Isaac M, de Carvalho Oliveira PF, Boppana S, Britt WJ (2009)
Birth prevalence and natural history of congenital cytomegalovirus
infection in a highly seroimmune population. Clin Infect Dis 15:
522–528. https://doi.org/10.1086/600882
34. Ng VL, Haber BH, Magee JC, Miethke A, Murray KF, Michail S,
Karpen SJ, Kerkar N, Molleston JP, Romero R, Rosenthal P,
Schwarz KB, Shneider BL, Turmelle YP, Alonso EM, Sherker
AH, Sokol RJ, Childhood Liver Disease Research and Education
Network (CHiLDREN) (2014) Medical status of 219 children with
biliary atresia surviving long-term with their native livers: results

349
from a North American multicenter consortium. J Pediatr 165:539–
546. https://doi.org/10.1016/j.jpeds.2014.05.038
35. Nightingale S, Ng VL (2009) Optimizing nutritional management
in children with chronic liver disease. Pediatr Clin N Am 56:1161–
1183. https://doi.org/10.1016/j.pcl.2009.06.005
36. Ohi R, Ibrahim M (1992) Biliary atresia. Semin Pediatr Surg 1:115–
124
37. Pierro A, Koletzko B, Carnielli V, Superina RA, Roberts EA, Filler
RM, Smith J, Heim T (1989) Resting energy expenditure is increased in infants and children with extrahepatic biliary atresia. J
Pediatr Surg 24:534–538. https://doi.org/10.1016/S0022-3468(89)
80500-7
38. R Core Team (2017) R: a language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna.
Available at: https://www.R-project.org/
39. Saari A, Sankilampi U, Hannila ML, Kiviniemi V, Kesseli K,
Dunkel L (2011) New Finnish growth references for children and
adolescents aged 0 to 20 years: length/height-for-age, weight-forlength/height and body-mass-index for age. Ann Med 43:235–248.
https://doi.org/10.3109/07853890.2010.515603
40. Saari A, Sankilampi U, Hannila ML, Saha MT, Mäkitie O, Dunkel
L (2012) Screening of turner syndrome with novel auxological
criteria facilitates early diagnosis. J Clin Endocrinol Metab 97:
E2125–E2132. https://doi.org/10.1210/jc.2012-1739
41. Shinkai M, Ohhama Y, Take H, Kitagawa N, Kudo H, Mochizuki
K, Hatata T (2009) Long-term outcome of children with biliary
atresia who were not transplanted after Kasai operation: > 20-year
experience at a children’s hospital. J Pediatr Gastroenterol Nutr 48:
443–450. https://doi.org/10.1097/MPG.0b013e318189f2d5
42. Shneider BL, Abel B, Haber B, Karpen SJ, Magee JC, Romero R,
Schwarz K, Bass LM, Kerkar N, Miethke AG, Rosenthal P,
Turmelle Y, Robuck PR, Sokol RJ, Childhood Liver Disease
Research and Education Network (2012) Portal hypertension in
children and young adults with biliary atresia. J Pediatr
Gastroenterol Nutr 55:567–573. https://doi.org/10.1097/MPG.
0b013e31826eb0cf
43. Sokol RJ, Stall C (1990) Anthropometric evaluation of children
with chronic liver disease. Am J Clin Nutr 52:203–208. https://
doi.org/10.1093/ajcn/52.2.203
44. Sorva R, Tolppanen EM, Perheentupa J (1990) Variation in growth
of length and weight of children. I. Years 1 and 2. Acta Paediatr
Scand 79:490–497. https://doi.org/10.1111/j.1651-2227.1990.
tb11502.x
45. Tijsseling D, Ter Wolbeek M, Derks JB, de Vries WB, Heijnen CJ,
van Bel F, Mulder EJH (2018) Neonatal corticosteroid therapy affects growth patterns in early infancy. PLoS One 13:e 0192162.
https://doi.org/10.1371/journal.pone.0192162
46. Valayer J (1996) Conventional treatment of biliary atresia: longterm results. J Pediatr Surg 31:1546–1551. https://doi.org/10.
1016/S0022-3468(96)90174-8
47. Willot S, Uhlen S, Michaud L, Briand G, Bonnevalle M, Sfeir R,
Gottrand F (2008) Effect of ursodeoxycholic acid on liver function
in children after successful surgery for biliary atresia. Pediatrics
122:1236–1241. https://doi.org/10.1542/peds.2008-0986
48. Yeh TF, Lin YJ, Lin HC, Huang CC, Hsieh WS, Lin CH, Tsai CH
(2004) Outcomes at school age after postnatal dexamethasone therapy for lung disease of prematurity. N Engl J Med 350:1304–1313.
https://doi.org/10.1056/NEJMoa032089
49. Young S, Kwarta E, Azzam R, Sentongo T (2013) Nutrition assessment and support in children with end-stage liver disease. Nutr Clin
Pract 28:317–329. https://doi.org/10.1177/0884533612474043
50. Zani A, Quaglia A, Hadzić N, Zuckerman M, Davenport M (2015)
Cytomegalovirus-associated biliary atresia: an aetiological and
prognostic subgroup. J Pediatr Surg 50:1739–1745. https://doi.
org/10.1016/j.jpedsurg.2015.03.001

