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Efficacy of Postoperative High-dose Steroids in Infants with
Biliary Atresia: A Meta Analysis
XT DONG, L HUANG, DQ MAO, H YANG
Abstract

Purpose: To evaluate whether high vs low-dose steroids or non-steroid improve the clearance rates of
jaundice, cholangitis, and survival rates with the native liver in biliary atresia (BA) after Kasai
portoenterostomy. Methods: Potential prospective and retrospective controlled trials were extracted
from the computer database. Odds ratios (OR) with 95% confidence intervals (CI) were calculated for the
clearance rates of jaundice, cholangitis and survival rates with native liver. Findings: The pooled
OR significantly favour high-dose steroids (the cumulative dosage of prednisolone over 80 mg/kg) over
low-dose steroids (the cumulative dosage of prednisolone less than 43 mg/kg) (1.804; 95%CI: 1.286,
2.531; P=0.001) or non-steroid (2.236; 95% CI: 1.122, 4.458; P=0.022) in the clearance rates of
jaundice. Conclusion: High-dose steroids in postoperative BA improve the clearance rates of jaundice
compared with low-dose steroids and non-steroid at a follow up of 6 months.
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Introduction
The outcome of biliary atresia (BA) has improved since
Kasai and Suzuki reported the hepatic portoenterostomy
to facilitate bile flow, clear jaundice, and normalise
bilirubin levels in infants with BA in 1959.1 However, the
long-term problems in infants with BA after Kasai
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portoenterostomy, such as cholangitis, biliary cirrhosis and
abnormal liver function became apparent.2-4 Furthermore,
The need for liver transplanation is necessitated because
of postoperative BA progress.5 As the availability of donor
livers is limited, optimising the success Kasai
portoenterostomy is very important to improve the survival
rates in the infants with BA.6
Various reports suggest that steroids after Kasai
portoenterostomy have improved the outcome of BA, such
as reduction of bilirubin levels, the improvement of liver
function and increased survival rates with native liver.7-11
However, the results from these studies have been
inconclusive, some reports showed that steroids after Kasai
portoenterostomy did not significantly improve liver
function and cholangitis, reduce the need for liver
transplanation.12-15 Further, the results from a meta analysis
published in 2014 and another systemic review and metaanalysis published in 2011 did not find significant
differences in normalising serum bilirubin levels,
improving cholangitis rates and delaying the need for early
liver transplantation in BA infants with postoperative
steroids compared those with non-steroid. 6,16 A metaanalysis published in 2016 showed that adjuvant steroid
treatment following Kasai portoenterostomy may improve
short-term (≤1 year) clearance rates of jaundice, but no
significant effects on long-term (≥2 years) clearance rates

Dong et al

of jaundice and native liver survival rates.17 These metaanalysis, however, is no consensus on what constitutes
"high" dosage nor "low" dosage regimens and what kind
type of steroids.
To evaluate the efficacy of high-dose steroids after Kasai
portoenterostomy for BA, we conducted an updated metaanalysis to compare the outcomes of infants with BA after
Kasai portoenterostomy who had been treated with highdose or low-dose steroids or non-steroid according to the
exact dosage of the steroids and used the "prednisolone"
as the only standard of the steroids.

Methods
Study Selection

Articles in four databases-Pubmed/Mediline, Embase
data, web of Science and Cochrane Library − were searched
systematically by two independent reviewers. The research
was limited to human studies, and included both
observational studies and randomised controlled trials
(RCTs). MeSH terms and text words including: biliary
atresia, Kasai portoenterostomy, steroids, prednisolone,
glucocorticoid, dexamethasone, methylprednisolone,
corticosteroids and hydrocortisone, were searched.
Relavant articles were retrieved based on consensus among
authors. The reference lists of the retrieved articles were
searched for other potentially relevant articles. The
literature search was performed on May 1st, 2019.
Inclusion Criteria

The following inclusion criteria were used to identify
published studies for this meta-analysis: 1) definition of
high-dose and low-dose steroids: the cumulative dosage
of prednisolone over 80 mg/kg is defined as high-dose
steroids and the cumulative dosage less than 50 mg/kg is
defined as low-dose steroids. 2) study design: comparative
studies, patients who received high-dose or low-dose
steroids or non-steroid therapy; 3) population and
intervention: infants who were diagnosed as BA and
underwent Kasai portoenterostomy and not received liver
transplantation; 4) outcome measurement: variables of
reports containing the primary outcome of interest were
the clearance rates of postoperative bilirubin. The
secondary outcomes were the cholangitis and survival rates
with native liver after Kasai portoenterostomy. Decisions
regarding which trials to be included were made
independently by two reviewers.
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Exclusion Criteria

Studies were excluded including patients who only
received an unrelated outcome measurement after Kasai
portoenterostomy; double reporting, delivering no baseline
data and no aggregated results.
Data Extraction

Information/data extracted included first author and year
of publication, study design, treatment groups, number of
patients, age and sex distribution of patients, and
postoperative biliary drainage, cholangitis, and survival
rates.
Statistical Analysis

The statistical analysis was carried out through the
statistical software Stata 12.0 (Texas, USA). Forest
plots were used to present the results. Odds ratios (OR)
with 95% confidence intervals (CI) were calculated for
the clearance rates of bilirubin and survival rates with
native liver and were compared between patients who
received high-dose steroids treatment (high-dose
steroids group) and low-dose steroids (low-dose
steroids group) or those who had not received steroids
treatment (non-steroid group). Heterogeneity among
the studies was assessed by calculating the Cochran Q
and the I statistic. For the Q statistic, P<0.10 was
considered to indicate statistically significant
heterogeneity. The I2 statistic indicates the percentage
of the observed between-study variability caused by
heterogeneity. Heterogeneity determined using the
I2 statistic was defined as follows: 0-24%=no
heterogeneity; 25%-49%= moderate heterogeneity;
50%-74%=large heterogeneity; and 75%-100%
=extreme heterogeneity. If either the Q statistic
(P<0.1) or I2 statistic (>50%) indicated heterogeneity
existed between studies, a random-effects model of
analysis was used. Otherwise, a fixed-effects model of
analysis was used. Sensitivity analysis was performed
for the clearance rates of jaundice, cholangitis and
survival rates with native liver based on the leave-oneout approach. Funnel plot was used to observe the
included studies' publication bias, asymmetry degree was
measured by Egger's test, and a P value<0.05 was
considered as an evidence of publication bias. To
investigate the steadiness of our results, sensitivity
analysis investigating the influence of each individual
study on the overall meta-analysis summary estimates
was carried out to identify potential outliners.
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Results
Search Results

Initial electronic search retrieved 430 articles after
removing duplicates, information insufficient, non-steroid
therapy, reviews and meta-analysis, no Kasai
portoenterostomy in which 409 articles were excluded after
first-pass review of titles and abstracts. Nine studies were
eliminated after full text review due to the lack of highdose steroids therapy.7-14 One study was excluded from the
meta-analysis because there was a short follow-up time
(within 2 months after Kasai portoenterostomy) in each
group.15 Two studies were excluded because there were only
abstracts.18,19 Finally, a total of nine articles were identified
(Figure 1).12,20-27
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a random-effects model of analysis was used. The pooled
OR (2.236, 95% CI=1.122 to 4.458, P=0.022, Figure 2)
significantly favours high dose steroids regimens over nonsteroid regimens. In the second group (high-dose vs lowdose steroids), after pooling of data, there was no
significant heterogeneity among the studies (Q=4.150,
df=5, P=0.528; I2=0.0%); therefore, a random-effects
model of analysis was used. The pooled OR (1.804, 95%
CI=1.286 to 2.531, P=0.001, Figure 2) significantly
favours high-dose steroid regimens over low-dose
steroids. Overall, the pooled OR (1.857, 95% CI=1.297
to 2.658, P=0.132, Figure 2) significantly favour highdose steroid regimens over low-dose steroids or nonsteroid (P=0.001, Figure 2).
Cholangitis Rates

The characteristics of the studies are summarised in
Table 1. Among the nine studies included, there were three
randomised controlled trials, and six retrospective studies.
The total number of patients in the studies ranged from 12
to 253 (overall n=948). Six studies reported on other
adjuvant regimens, such as antibiotics, ursodeoxycholic acid.

Four studies were included in the meta-analysis of
cholangitis rates at a follow up of 6 months (high-dose
steroids vs non-steroid). After pooling of data, there was
no significant heterogeneity among the studies (Q=0.090,
df=3, P=0.993; I2=0.0%). The pooled OR (0.502, 95%
CI=0.236 to 1.064, P=0.072, Figure 3) did not significantly
favour high-dose steroid regimens over non-steroid.

Meta-analysis Results

Survival Rates with Native Liver

The clearance rates of jaundice after Kasai
portoenterostomy was defined by direct bilirubin
<20 µmol/L (Dong et al) and serum bilirubin ≤20 µmol/L
(Petersen et al and Wang et al), serum total bilirubin
<25 µmol/L (Bezerra et al) and serum total bilirubin
<34 µmol/L (Vejchapipat et al and Kobayashi et al).20-25 The
studies reported by Davenport et al and Meyers et al did
not provide a definition of jaundice clearance.26,27 Wang et
al and Vejchapipat et al defined postoperative cholangitis as
a combination of fever >38.50C, change of yellow stool to
alcholic stool, and leukocytosis with polymorphonuclear
leukocyte predominance. 22,24 The study reported by
Kobayashi et al was defined postoperative cholangitis as
fever (>380C) accompanied by elevated serum bilirubin and
leukocytosis.25

Five studies were included in the meta-analysis of
survival rates with native liver at a follow up of 12 months
(high-dose steroids vs non-steroid). After pooling of data,
there was no significant heterogeneity among the studies
(Q=7.950, df=4, P=0.093; I2=49.7%); The pooled OR
(1.543, 95% CI=0.733 to 3.247, P=0.253, Figure 4) did
not significantly favour high-dose steroids over low-dose
steroids and non-steroid.

Study Characteristics

Clearance Rates of Jaundice

Two group studies were included in the meta-analysis
of clearance rates of jaundice in infants with BA after Kasai
portoenterostomy at a follow up of 6 months. In the first
group (high-dose steroids vs non-steroid), after pooling
of data, there was a significant heterogeneity among the
studies (Q=13.270, df=6, P=0.039; I2=54.8%); therefore,

Sensitivity Analysis

Figure 5 showed that the results of the sensitivity
analysis, in which the studies were omitted one-by-one.
For the clearance rates of jaundice (RR=1.35, 95%CI:
1.19-1.53, Figure 5A) and the cholangitis rates (RR=
0.66, 95%CI: 0.42-1.04, Figure 5B), Pooled estimates for
all groups were insensitive to the removal of individual
studies and the corresponding pooled ORs were not
substantially altered that indicating that our results were
stable and reliable. For the survival rates with native liver,
the direction and magnitude of the pooled estimated did
not vary markedly with the removal of any study in a
statistically significant finding (RR=1.13, 95%CI: 0.981.30, Figure 5C).
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Table 1
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Characteristics of included in the studies

Author Country

Published Design
year

Bezerra JA

USA

2014

RCT

Dong R

China

2013

Retrospective

Davenport United
M
Kingdom

2013

RCT

No. of
cases

Sex
(male/female)

Mean age
at surgey (d)

70 (high dose) Not available
70 (non-steroid)

70 (high dose)
70 (non-steroid)

253 (high dose)
127 (low dose)

66 (high dose)
74 (low dose)

163:127
(total)

44 (high dose) Not available
18 (low dose)
91 (non-steroid)

46 (high dose)
54 (low dose)
50 (non-steroid)

Petersen C Germany

2008

RCT

Chung HY

2008

Retrospective

13 (high dose)
17 (non-steroid)

Vejchapipat Thailand
P

2007

Retrospective

33 (high dose) 15:18 (high dose)
20 (non-steroid) 12:8 (non-steroid)

84.7 (high dose)
98.3 (non-steroid)

Wang W

2006

Retrospective

27 (high dose)
25 (low dose)

Low: 65
High: 69

Kobayashi
H

Meyers R

Hong
Kong

China

Japan

USA

2005

2003

Retrospective

Retrospective

20 (high dose)
9:11 (high dose)
63 (high dose)
29 (non-steroid) 16:13 (non-steroid) 57 (non-steroid)
11:19 (total)

29:23 (total)

26 (high dose) 15:48 (total)
25 (low dose)
12 (non-steroid)

14 (high dose)
1 infant 13 weeks,
14 (non-steroid) 1 infant 16 weeks,
others less than
12 weeks

70 (high dose)
63 (non-steroid)

30-70 (total)

Not available

Steroid
regimen

Cumulative dosage
prednisolone of
(mg/kg)
196

High dose: intravenous
methylprednisolone 4 mg/kg/d
for 2 weeks and oral prednisolone
2 mg/kg/d for 9 weeks
High dose: intravous prednisolone
(taper of 4 mg/kg/d, 3 mg/kg/d,
2 mg/kg/d every 3 days postoperatively
followed by 8 to 12 weeks of oral
prednilolone starting at
4 mg/kg/d every other day.
Low dose: 4 mg/kg/d of
prednisolone, taper to
2 mg/kg/d over 1-2 weeks.
High dose: 5 mg/kg/d of oral
prednisolone from day 5 to 9,
4 mg/kg/d from day 10 to 14,
3 mg/kg/d from day 15 to 19, 2 mg/kg/d
from day 20 to 24, 1 mg/kg/d from
day 25 to 29, then hydrocortisone
2.5 mg/kg twice daily from day 30 to 32,
2.5 mg/kg once daily form day 33 to 35,
latter regarded as physiological)
Low dose: oral prednisolone
2 m/kg/d day 7 to 21, followed by
1 mg/kg/d day 22 to 28
High dose: methylprednisolone
10 mg/kg/d intravenous day 1 to 5
postoperatively, 1 mg/kg/d
p.o. day 6 to 28
High dose: oral prednisolone
4 mg/kgbid on day 7 postoperative
for 2 weeks, then 2 mg/kg/d for 2 weeks,
then 1 mg/kg/d for 2 weeks
High dose: prednisolone
4 mg/kg/d for 3-4 days on the 7th
day postoperatively, then at alternate
days for 1-3 months
High dose: 4 mg/kg/d of
intravenous methyl prednisolone
for 3 days oral prednisolone 4 mg/kg/d
qod with tapers lasting 18-30 weeks
Low dose: 1 mg/kg/d of
intravenous dexamethasone for
3 days with tapers lasting 1 week
High dose group 1: 20 mg/kg/d
of intravenous prednisolone taper of
15, 10, 5, 2 mg/kg/d, every 3 days
starting on day postoperative 7 days,
each time the stools began to turn pale,
the protocol was restarted at 20 mg/kg/d.
High dose group 2: 20 mg/kg/d of
intravenous prednisolone taper of
15, 10, 5, 2 mg/kg/d, every 3 days
(each dose) starting on day
postoperative 7 days.
Low dose: 6 mg/kg/d of intravenous
prednisolone taper of 4, 2 mg/kg/d,
every 3 days (each dose) starting on
day postoperative 7 days.
High dose: intravenous
methylprednisolone (taper of
10, 8, 6, 5, 4, 3, 2 mg/kg/d) followed by
8 to 12 weeks of 2 mg/kg/d of
prednisone

97

Other
adjuvants
Not available

Cefoperazone,
cefradine,
ursodeoxychlic
acid

36
80.625

Not available

37
91.25

98

170.8

>247

Cefotaxime,
cefaclor,
ursodeoxycholic
Acid
Not available

Antibiotics, oral
cotrimoxazole,
ursodeoxycholic
Acid,vitamins A,
D, E and K
Antibiotics,
UDCA
Fat-soluble
vitamin

<43
>156

Aminogly
coside,
cephalosporin

156

36

298.75

Ursodeoxycholic
acid, ampicillin,
gentamicin,
trimethoprim/
sulfamethoxazole
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Figure 1

Flowchart of study selection.

Figure 2 Forest plot showing results for the meta-analysis of the clearance rates of jaundice
among infants with biliary atresia who underwent Kasai portoenterostomy and did high-dose steroids
vs did low-dose steroids or did not receive adjunct postoperative steroids. CI, confidence interval.
The first group: high-dose steroids vs non-steroid; The second group: high-dose steroids vs lowdose steroids.
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Figure 3
Forest plot showing results for the meta-analysis of the cholangitis among infants with biliary
atresia who underwent Kasai portoenterostomy and did high-dose steroids vs did not receive adjunct postoperative
steroids. CI, confidence interval.

Figure 4
Forest plot showing results for the meta-analysis of the survival rates with native liver among
infants with biliary atresia who underwent Kasai portoenterostomy and did high-dose steroids vs did not receive
adjunct postoperative steroids. CI, confidence interval.
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Figure 5. Results of sensitivity analysis examining the influence of individual studies on pooled estimates as
determined using the leave-one-out approach: (A) Clearance rate of jaundice; (B) Cholangitis rate; (C) Survival rates
with native liver. Cholangitis rate. CI, confidence interval.
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Publication Bias

Egger's publication bias plot was performed to assess
the publication bias of the literature. The symmetrical
Egger's plots provided no evidence for publication bias in
the total studies for the clearance rates of jaundice (t=0.400,
P=0.695) (Figure 6), for cholangitis rates (t=0.200, P=0.863)
and for survival rates with native liver (t=1.820, P=0.167).

Discussion
Postoperative steroids as an important adjunct regimens
were used to treat infants with BA after Kasai
portoenterostomy, high-dose steroid protocols showed a
beneficial efficacy of reducing serum bilirubin, improving
liver function and cholangitis, and increasing survival rates
with native liver.20,25-27 Some studies, however, reported
that high-dose steroids did not improve the outcomes of
BA infants after portoenterostomy. 21-22 There is no a
systemic review and meta-analysis to support the efficacy
of high-dose steroids. Additionally, there still existed the
lack of consistency between these studies in the types of
steroids given, the duration of treatment, or the dosage of
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high and low-dose steroids. Our present meta-analysis
includes nine studies and 948 infants with BA. For the first
time, we used the "prednisolone" as the only standard of
the steroids and further defined the cumulative dosage of
prednisolone over 80 mg/kg throughout the total treatment
courses as the standard of high-dose steroids and the
cumulative dosage of prednisolone less than 43 mg/kg
throughout the total treatment courses as the standard of
low-dose steroids in our meta-analysis. We examined the
effects of high-dose steroids on the important indicators
after portoenterostomy compared with low-dose steroids
or non-steroid so that we can support the sufficient
evidences for clinical treatment.
The results of our meta-analysis suggest that high-dose
steroids (the cumulative dosage of prednisolone over
80 mg/kg) after portoenterostomy provide a beneficial
effect on the clearance rates of jaundice at a follow up of
6 months compared with low-dose steroid (the cumulative
dosage of prednisolone less than 43 mg/kg) or non-steroid
group. Overall, high-dose steroids after portoenterostomy
showed a beneficial efficacy of improving the clearance
rates of jaundice at a follow up of 6 months compared
with low-dose steroids and non-steroid. Subsequent

Figure 6. Egger's publication bias plot for the results of clearance rates of jaundice and did high-dose steroids vs did
low-dose steroids or did not receive adjunct postoperative steroids. Egger's publication bias test result (P=0.695).
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sensitivity analysis reveals that the meta-analysis of
clearance rates of jaundice has robustness/reliability. Our
data, however, show the efficacy of high-dose steroids after
Kasai portoenterostomy in the aspect of reducing serum
bilirubin, which is not consistent with those from a
previously published meta-analysis and systematic review
that did not find a significant effect of adjunct postoperative
steroid therapy on normalising serum bilirubin levels.6,16
Four studies reported the effects of high-dose steroids vs
non-steroid regimens on improving the cholangitis rates
at a follow up of 6 months. Our meta-analysis reveals that
high-dose steroids have no significant beneficial effects
on the cholangitis rates at a follow up of 6 months
compared with non-steroid groups (Figure 3). There are
another three papers reported the effects of high-dose
steroids vs low-steroids on improving the cholangitis that
we can't perform a meta-analysis due to the lack of
sufficient data. Total seven studies including five papers
(high-dose steroids vs non-steroid) and two papers (highdose steroids vs low-dose steroids) reported the survival
rates with native liver at a follow up of 12 months. For the
same reason, we performed one meta-analysis to compare
between high-dose steroids with non-steroid. Our metaanalysis reveals that high-dose steroids have no significant
beneficial effects on survival rates with native liver at a
follow up of 12 months compared with non-steroid (Figure
4). Comparison between high-dose and low-dose steroids,
Wang et al reported that high-dose steroids did not improve
the survival rates with native liver at a follow up of 12
months. 22 Additionally, one study by Davenport et al
reported that there was no difference in 1-year and 4-year
native liver survival rates between high-dose steroids (86%
and 56%) and low-dose steroids (72% and 50%).26 Another
study reported by Dong et al showed that two-year survival
rate with native liver in the high-dose steroid group was
much higher than that in the low-dose steroid group (53%
vs 38%, P<0.01).20 As such, we suggest that more studies
are needed to fully evaluate the survival rates with native
liver between high vs low-dose steroids.
Due to a limitation on number of literature, we should
consider all factors interfering with our results. Firstly,
Our meta-analysis includes nine studies and 948 infants
with BA. More clinical trials with a large sample size are
needed because insufficient number of samples possibly
affect the objectivity and authenticity of the results.
Secondly, different study design affects the reliability of
the results. Although our publication bias assessment of
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all studies did not provide the evidences for publication
bias in the publications, total nine studies including six
studies in our meta-analysis were retrospective and
therefore may have varying degrees of bias inherent with
the design. Only three randomised controlled trials further
elucidate the efficacy of high vs low-dose steroids or nonsteroid after Kasai portoenterostomy. Therefore, more
randomised, double-blind, multicentre trials are needed.
Thirdly, although we used the "prednisolone" as the an
unified standard of the steroids in this study, there still
exist differences in half-life and bioavailability among
different types of the steroids. Therefore this study may
have varying degrees of bias inherent. Fourthly, there was
obvious heterogeneity between the studies, for example,
the effects of high-dose steroids vs non-steroid on native
liver survival rates. Further, in several studies, high-dose
steroid regimens were not standardised resulting in withinstudy heterogeneity, which affected the outcomes of our
meta-analysis. Therefore, well-designed prospective
studies, especially randomised controlled trials, are needed
to explain the important efficacy of high-dose steroids after
Kasai portoenterostomy. Finally, not every research result
in all the studies was the outcome of interest. As such, the
results of our meta-analysis were partially limited by the
availability of data.
Our results in this meta-analysis suggest that high-dose
steroids (the cumulative dosage of prednisolone over
80 mg/kg) after Kasai portoenterostomy for BA may
significantly improve the clearance rates of jaundice at a
follow up of 6 months compared with low-dose steroid
and non-steroid regimens and can not improve the
cholangitis at a follow up of 6 months and the survival
rates with native liver at a follow up of 12 months compared
with non-steroid regimens. Given that adjunct steroids will
undoubtedly continue to be routinely prescribed, we
recommend to use high-dose steroid regimens (the
cumulative dosage of prednisolone over 80 mg/kg) after
Kasai portoenterostomy and further conduct more welldesigned prospective clinical controlled trials with a larger
sample size to provide more definite evidences to support
the application of high-dose steroid protocols.
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