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Abstract

Background and Aims: Patients with biliary atresia (BA)
are prone to hepatic decompensation, which might eventu-
ally lead to death. This study aimed to identify the pos-
sible risk factors affecting in-hospital death in BA patients
in China. Methods: We collected data from the Hospital
Quality Monitoring System, a national inpatient database.
All patients aged up to 2 years old with a diagnosis of BA
were included. The subjects were divided to three groups,
including Kasai portoenterostomy (KP), liver transplanta-
tion (LT), and no surgery. Logistic regression with Firth’s
method was performed to identify potential influencing var-
iables associated with in-hospital death. Results: During
the year 2013 to 2017, there were 14,038 pediatric admis-
sions with a diagnosis of BA. The proportion of in-hospital
death in pediatric BA admissions was 1.08%. Compared
with patients under six months, there was a higher risk of
in-hospital death for children aged six months to 1 year
and 1-2 years old. Clinical signs, including cirrhosis, var-
iceal bleeding, and hepatic encephalopathy, were signifi-
cantly associated with the risk of in-hospital death. In no
surgery group, compared to those in Beijing and Shanghai,
BA patients admitted in other districts had a lower risk of
in-hospital death (OR=0.39, 95% CI: 0.21, 0.70). However,
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in the LT group, patients admitted in other districts had a
higher risk of in-hospital death (OR=9.13, 95% CI: 3.99,
20.87). Conclusions: In-hospital survival remains unsatis-
factory for pediatric BA patients with severe complications.
Furthermore, more resources and training for BA treatment,
especially LT, are essential for districts with poor medical
care in the future.
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Introduction

Biliary atresia (BA) is a rare progressive obstructive cholan-
giopathy of intrahepatic or extrahepatic bile ducts with un-
known pathogenesis, leading to cholestasis and cirrhosis in
children.-4 BA is the most common cause of end-stage liver
disease in children and is even fatal in the first two years of
life if untreated.>® The incidence of BA varies from 1:7,000
to 1:19,000 worldwide and has been more common in Asia
than in the USA and Europe.’-11

To date, there is no curative drug therapy for BA patients.
Since the development of Kasai portoenterostomy (KP) in
1959 helped restore bile flow, the survival rate has been
improved markedly.'2 However, that disease would deterio-
rate in most patients even after the KP and finally progress
to hepatic decompensation, which requires frequent hospi-
talizations.13-15 Liver transplantation (LT) has been another
treatment option since 1967, and BA has gradually become
the most common indication for LT in childhood.® Now, se-
quential treatment with an initial KP followed by LT for BA
patients with end-stage liver disease has been the accepted
standard therapy.® The 10-year survival rates are currently
more than 85%.17
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Despite significant progress in surgical techniques, there
are still challenges in the clinical management of BA. BA
children often suffer portal hypertension and end-stage liver
disease before LT. It has been reported that 30-40% of BA
patients have esophageal/gastric varix, and about 10-25%
go through variceal bleeding after KP.18:19 Variceal bleeding
is the leading cause of death in children with portal hyper-
tension.2% Other severe conditions, including infection and
encephalopathy, could result in a poor prognosis. Further-
more, inadequate medical care and economic situation have
been reported to be associated with BA morbidity and clini-
cal outcome.2%:22 Therefore, optimal BA management and
medical care improvement might be pivotal to reducing BA-
related death.

With evidence of higher waitlist mortality than older chil-
dren,23 children below 2 years of age have been consid-
ered a more vulnerable group. Until now, previous studies
were conducted in one or few medical centers and therefore
lacked data about the general profile of BA in China. There-
fore, we used data from a nationwide database to provide
comprehensive epidemiological information of BA patients
among those below two years of age in China. We further
assessed the effects of possibly influential factors on in-hos-
pital death for BA patients.

Methods
Data source

This study was based on the Hospital Quality Monitoring
System (HQMS), a mandatory patient-level registration da-
tabase of the standardized electronic inpatient discharge
records in China, under the administration of the Bureau
of Medical Administration and Medical Service Supervision,
National Health and Family Planning Commission of the Peo-
ple’s Republic of China.24-26 The HQMS collected data from
tertiary- and second-class hospitals in 31 provinces. More
than 300 variables on the front page of patient medical re-
cords, including demographic information, surgery, and di-
agnosis (one primary/principal diagnosis and 13 secondary
diagnosis), are automatically submitted to HQMS with qual-
ity control when health care providers complete the data.
The diagnosis was coded based on the International Clas-
sification of Diseases, revision 10 (ICD-10) coding system,
and text description.

Population selection

Based on data analysis, we found that children less than 2
years old accounted for 93.69% of all hospitalizations for BA
patients. We only included pediatric patients under two years
with a primary or secondary diagnosis of BA in the HQMS
database between 2013 and 2017. These patients were iden-
tified via the following ICD-10 diagnosis codes (Q44.301,
Q44.200, Q44.201 in the National Edition; Q44.201,
Q44.202, Q44.203 in the Beijing Edition; Q44.301, Q44.200,
Q44.200x003, Q44.201 in the Clinical Edition).

Variables

Demographic characteristics such as age, sex, nationality,
type of admission, length of stay, hospitalization charges,
geographic location of family and admitted hospital, and
hospital level were collected from the database. For each
admitted hospital, caseloads for BA were calculated as the
total number of discharges with BA diagnosis during 2013-
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2017. The month of hospital discharge was divided into four
groups: winter (December-February), spring (March-May),
summer (June-August), and autumn (September-Novem-
ber). Surgical procedures and other variables including
disease-related clinical manifestations were identified by
ICD-10 codes, respectively (see details in Supplementary
Tables 1 and 2). On the basis of surgical procedures, the
subjects were classified into three groups, including no sur-
gery, KP, and LT. The clinical outcome of interest was in-
hospital death.

Ethical approval

Data collection and analysis were performed following the
ethical standards of the Helsinki Declaration. The study was
approved by the Ethics Committee of Beijing Friendship
Hospital, Capital Medical University (Approval ID: 2019-P2-
154-01).

Statistical analysis

Continuous variables with highly skewed distribution are
expressed as the median and interquartile range (IQR).
Categorical variables are presented as frequency and per-
centage (%). Due to a low proportion of in-hospital death,
univariable and multivariable logistic regression with Firth’s
method was performed to assess the associations between
the potentially influential factors and in-hospital death. All
statistical analyses were performed using SAS software ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA), with a two-
tailed level of significance set at 0.05. A forest plot was
depicted using R version 3.5.0 (forestplot package).

Results

Demographics and burden of BA hospitalization

During the period from 2013 to 2017, there were a total of
14,038 admissions for BA patients under 2-years-old. The
basic demographics are presented in Table 1. The median
age was 2.2 months. Percentages of male (50.09%) and
female (49.91%) patients were nearly equal. There were 10
times or more Han Chinese than minority patients, though
there was a high proportion of patient with missing data.
More pediatric BA patients were admitted in hospitals in
spring (26.79%) and summer (25.41%). Most of pediatric
BA patients (92.67%) were hospitalized in tertiary class A
hospital. The median of hospital stay was 13.0 days (IQR:
6.0-20.0), and the total cost of each hospitalization was
RMB 14,129.64 (IQR: 5,537.95-33,281.35). Over 70% BA
patients were admitted to hospital through routine, fol-
lowed by nearly 20% through emergency or referral. The
percentage of in-hospital death among all admissions for
BA patients was 1.08% (n=151), and causes of death were
shown in Supplementary Table 3.

Cross-district attendance for BA in China

As shown in Figure 1A, the hospitals in Shanghai, Beijing
and Chongqing received 91.48%, 85.24% and 62.6% of
pediatric BA patients from other districts, respectively. And
up to 100.00% of pediatric BA patients resided in Tibet
went to the hospitals in other districts, followed by Gansu
(89.72%), Anhui (86.41%) and Inner Mongolia (86.18%;
Fig. 1B).
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Table 1. Demographic characteristics and burden of BA patients under 2 years of age

Variable N (%)/Median (IQR)
Age (month) 2.2 (1.3-5.0)
Sex
Male 7,031 (50.09%)
Female 7,007 (49.91%)
Nationality
Han 8,149 (58.05%)
Others 695(4.95%)
Missing 5,194 (37.00%)
Season
Spring 3,761 (26.79%)
Summer 3,567 (25.41%)
Autumn 3,351 (23.87%)
Winter 3,359 (23.93%)

Length of stay (days)
Hospital level
Tertiary class A hospital
Tertiary class B hospital
Second class hospital
Type of admission
Emergency or Referral
Routine
Other
Total costs (RMB)
In-hospital death
Yes
No

13.0 (6.0-20.0)

13,009 (92.67%)
1,028 (7.32%)
1 (0.01%)

2,983 (21.25%)
10,094 (71.90%)

961 (6.85%)

14,129.64 (5,537.95-33,281.35)

151 (1.08%)
13,887 (98.92%)

IQR, interquartile range.

Subgroup analysis according to the procedure during
hospitalization

As shown in Table 2, 1,573 (11.21%) admissions under-
went the KP, and 706 (5.03%) admissions underwent LT.
The median age of patients undergoing LT was 7.2 months,
which was statistically greater than those without surgery
and undergoing the KP. All LTs were performed in tertiary
class A hospitals, and up to 95.61% of LTs were performed
in hospitals which received more than 100 admissions for
BA during the five-year period. A majority of LTs (89.52%)
were performed in Beijing and Shanghai, and over 72% of
admissions underwent KPs in other provinces or districts.
The in-hospital death in the LT group reached to 5.10%
(n=36), much higher than that in the KP group (0.70%)
and non-surgery group (0.88%).

Up to 37.96% of individuals undergoing LT were diagnosed
with cirrhosis. Variceal bleeding was observed in 4.82% of
pediatric patients undergoing LT, more than three times that in
those undergoing no surgery (1.40%) and those undergoing
the KP (0.57%). A relatively low incidence (3.26%) of hepatic
encephalopathy was noted in those undergoing LT. The inci-
dence of encephalopathy was lower in those not undergoing
LT (lower than 1% both in non-surgery and KP group, Table 2).

Univariable and multivariable analysis of in-hospital
death in all BA patients

Univariable analysis showed that pediatric patients aged
under one year but over 6 months (OR=7.77, 95% CI:
5.49, 10.99), and those over 1 year but under 2 years of
age (OR=2.50, 95% CI: 1.53, 4.09) had higher in-hospital
death than those under 6 months of age. Compared with in-
dividuals who were routinely admitted, patients admitted via
emergency or referral had a higher risk of in-hospital death
(OR=1.59, 95% CI: 1.11, 2.27). BA patients admitted in
other districts had lower risk of in-hospital death than those
in Beijing and Shanghai (OR=0.72, 95% CI: 0.52, 0.99). Pa-
tients undergoing LT had a higher risk of in-hospital death
than those who did not undergo surgery (OR=6.07, 95% CI:
4.13, 8.92). Severe clinical manifestations including cirrho-
sis (OR=3.24, 95% CI: 2.33, 4.49), hepatic encephalopa-
thy (OR=17.08, 95% CI: 9.13, 31.95) and variceal bleeding
(OR=16.68, 95% CI: 10.75, 25.88) were associated with a
higher risk of in-hospital death (Table 3).

Age, type of admission, LT surgery and severe clinical fea-
tures were also significantly associated with in-hospital death
in multivariable analysis. Moreover, multivariable analysis
showed that pediatric patients had a higher risk of death in
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Fig. 1. Cross-district attendance of BA. (A) The percentage of the hospitals in different districts which received BA pediatric patients from other districts. (B) The
percentage of BA pediatric patients from different districts who went to the hospitals in other districts.

hospitals which had received less than 100 BA patients dur-
ing the five-year period (OR=1.65, 95% CI: 1.03, 2.66).

Univariable analysis of BA patients in the KP group

Because of few in-hospital deaths (n=11), only univariable
regression was used to assess the associations between de-
mographic factors, clinical features and in-hospital death.
The results showed that there was a higher risk of in-hospital
death in individuals with variceal bleeding (OR=54.58, 95%
CI: 10.61, 280.84) than in those without variceal bleeding.
As no hepatic encephalopathy occurred in the KP group, the
effect of this complication on in-hospital death could not
be evaluated. All other factors had no statistical association
with the risk of in-hospital death (data not shown).

Multivariable analysis of BA patients in the non-sur-
gery and LT groups

Among patients without surgery, patients aged under 1 year
but over 6 months (OR=5.54, 95% CI: 3.47, 8.84), and those
aged more than 1 year but less than 2 years (OR=2.19, 95%
CI: 1.17, 4.09) had a higher risk of in-hospital death than
those at less than 6 months of age. BA patients had a higher
risk of death in hospitals which had received less than 100
pediatric BA patients during the five-year period (OR=2.35,
95% CI: 1.26, 4.38). Similarly, there was a higher risk of in-
hospital death in patients admitted via emergency or referral
(OR=1.99, 95% CI: 1.28, 3.10). Compared with those in Be-
ijing and Shanghai, BA patients admitted in other districts or
provinces had lower risk of in-hospital death (OR=0.39, 95%
CI: 0.21, 0.70). A statistically higher risk of in-hospital death
was observed in individuals with cirrhosis (OR=1.62, 95%
CI: 1.01, 2.60), hepatic encephalopathy (OR=8.01, 95% CI:
3.67, 17.51) and variceal bleeding (OR=7.81, 95% CI: 4.39,
13.88; Fig. 2).

It is noteworthy that in the LT group, the results showed
that BA patients admitted in other districts had higher risk
of in-hospital death than those in Beijing and Shanghai
(OR=9.13, 95% CI: 3.99, 20.87). However, no significant

association was found between other demographic and clin-
ical features, and the risk of in-hospital death (Fig. 2).

Discussion

This is the first nationwide study to assess the disease bur-
den of BA hospitalization in China. It included 14,038 ad-
missions for pediatric patients under 2 years of age with
a diagnosis of BA between 2013 and 2017. We found that
age, caseloads for BA, type of admission, and the presence
of severe complications, including cirrhosis, hepatic enceph-
alopathy, and variceal bleeding, were associated with in-
hospital death. Moreover, BA patients who underwent LT in
hospitals of economically developed cities or districts might
have a lower risk of in-hospital death.

Previous studies demonstrated that children below two
years of age have higher mortality than older children, and
50-75% of children with BA require LT in the first 2 years.23
Therefore, patients less than 2 years of age were chosen as
the target study population. Our study observed the sea-
sonal predominance of hospitalization in spring and summer
(March to August), similar to Korea2’ and Japan.28 Regard-
ing the medical cost, the median direct medical costs for
BA patients in Canada were $4,210 per year, much higher
in those who underwent LT.2° In the USA, children under-
going LT accumulated $458,059 in costs per patient.3% As
this study showed, the median medical cost was 14,129.64
RMB for each BA hospitalization in China, and with the ex-
tra expenses on cross-district traveling and accommodation
with frequent hospitalizations, many families have to face a
weighty financial burden.

KP has been the most common surgical procedure to im-
prove the survival of BA patients with native liver.3! Age at
the time of KP has been considered an important prognostic
factor in the children after Kasai surgery.2627 Previous stud-
ies showed that in infants who underwent the KP within
60 days of life, 57-90% had successful restoration of bile
flow, while the rate dropped to <20% if the procedure was
performed after 90 days of life.32-34 In the USA, the median
age at the timing of the KP was 63 days (IQR, 47, 76).3> The
data in our study showed that KP was performed at 0.17
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Table 2. Demographics and clinical features of patients based on subgroup analysis

. ?:: 11,759) I((:: 1,573) I('rTn=706) P

Age (month) 2.2 (1.2-4.9) 2.0 (1.0-2.3) 7.2 (5.9-9.8) <0.0012

Sex 0.002°
Male 5,960 (50.68%) 756 (48.06%) 315 (44.62%)

Female 5,799 (49.32%) 817 (51.94%) 391 (55.38%)

Level of hospital <0.001¢
Tertiary class A hospital 10,817 (91.99%) 1,486 (94.47%) 706 (100.00%)

Tertiary class B hospital 941 (8.00%) 87 (5.53%) 0 (0%)
Second class hospital 1 (0.01%) 0 (0%) 0 (0%)

Caseloads for BA <0.001P
>100 9,046 (76.93%) 1,403 (89.19%) 675 (95.61%)
<100 2,713 (23.07%) 170 (10.81%) 31 (4.39%)

Type of admission <0.001b
Routine 8,343 (70.95%) 1,225 (77.88%) 526 (74.50%) <0.001b
Emergency or referral 2,578 (21.92%) 231 (14.69%) 174 (24.65%)

Other 838 (7.13%) 117 (7.44%) 6 (0.85%)

Nationality <0.001P
Han 6,797 (57.80%) 1,134 (72.09%) 218 (30.88%)

Others 490 (4.17%) 203 (12.91%) 2 (0.28%)
Missing 4,472 (38.03%) 236 (15.00%) 486 (68.84%)

District <0.001P
Beijing/Shanghai 4,610 (39.20%) 425 (27.02%) 632 (89.52%)

Others 7,149 (60.80%) 1,148 (72.98%) 74 (10.48%)

In-hospital death <0.001P
No 11,655 (99.12%) 1,562 (99.30%) 670 (94.90%)

Yes 104 (0.88%) 11 (0.70%) 36 (5.10%)

Severe complications

Cirrhosis <0.001 b
No 9,960 (84.70%) 1,278 (81.25%) 438 (62.04%)

Yes 1,799 (15.30%) 295 (18.75%) 268 (37.96%)

Hepatic encephalopathy <0.001b

No 11,698 (99.48%) 1,573 (100.00%) 683 (96.74%)
Yes 61 (0.52%) 0 (0%) 23 (3.26%)
Variceal bleeding <0.001P

No
Yes

11,594 (98.60%)
165 (1.40%)

1,564 (99.43%)
9 (0.57%)

672 (95.18%)
34 (4.82%)

aWilcoxon rank-sum test. PChi-square test. Fisher’s exact test. KP, Kasai portoenterostomy; LT, liver transplantation.

years (approximately 62 days; IQR 0.08, 0.19), earlier than
the data from 2006 to 2012 in a single-center report from
mainland China (73.5 days).36 The small sample size might
contribute to the insignificant association between the tim-
ing of KP and in-hospital death. The other possible explana-
tion was that the timing of KP does not affect in-hospital
prognosis but on relatively long-term outcomes.

Although KP does improve survival for BA patients, up to
50-75% of BA patients ultimately require LT in the first two

years of life.23:37.:38 In our study, the median age at LT was
0.60 years (approximately 7 months) from 2013 to 2017,
which was less than 9.6 months reported in a nationwide
investigation from 1996 to 2013 in mainland China.3° This
phenomenon may be explained by the fact that grafts from
living donors have been increasingly used in China, with
more than 70%.3° Living donor liver transplantation (LDLT)
has been the primary choice for pediatric recipients. There-
fore, the shortage of donor organs has a limited effect on
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Table 3. Univariable and multivariable analyses of in-hospital death for all BA patients (n=14,038)

Univariable?

Multivariable?

OR P OR P

Age

<6 months 1.00 1.00

6-<12 months 7.77 (5.49, 10.99) <0.001 3.66 (2.39, 5.59) <0.001

12-<24 months 2.50 (1.53, 4.09) <0.001 1.75 (1.04, 2.94) 0.037
Sex

Male 1.00 1.00

Female 1.10 (0.80, 1.52) 0.554 0.97 (0.69, 1.35) 0.847
Caseloads for BA

>100 1.00 1.00

<100 1.39 (0.97, 2.00) 0.074 1.65 (1.03, 2.66) 0.039
Type of admission

Routine 1.00 1.00

Emergency or referral 1.59 (1.11, 2.27) 0.012 1.65 (1.14, 2.38) 0.009

Other 1.38 (0.76, 2.50) 0.289 1.20 (0.48, 3.00) 0.696
District

Beijing/Shanghai 1.00 1.00

Others 0.72 (0.52, 0.99) 0.045 0.90 (0.57, 1.42) 0.640
Surgery

Non-surgery 1.00 1.00

Kasai portoenterostomy 0.82 (0.45, 1.51) 0.527 1.33 (0.69, 2.58) 0.392

Liver transplantation 6.07 (4.13, 8.92) <0.001 2.63 (1.64, 4.21) <0.001
Cirrhosis

No 1.00 1.00

Yes 3.24 (2.33, 4.49) <0.001 1.74 (1.19, 2.55) 0.004
Hepatic encephalopathy

No 1.00 1.00

Yes 17.08 (9.13, 31.95) <0.001 4.89 (2.43, 9.87) <0.001
Variceal bleeding

No 1.00 1.00

Yes 16.68 (10.75, 25.88) <0.001 6.27 (3.78, 10.40) <0.001

3lLogistic regression with Firth’s method. BA, biliary atresia.

the wait time for BA children. In addition, transplantation
techniques, especially for younger children, have gradually
improved in recent years. Our study showed the percentage
of in-hospital death is 5.10% among the LT group. As nearly
60% of deaths in 1-year-old patients occurred during the
first 14 days after transplantation,?3 our data indicated a
slight improvement of in-hospital prognosis compared with
a previous study.3® Thus, a more favorable outcome for LT
in BA children has been observed in China recently.
Cirrhosis is a leading cause of death in BA patients.23
Moreover, severe complications of cirrhosis, including var-
iceal bleeding and encephalopathy, usually lead to a poor
prognosis.11,38,40-42 Generally, indications for LT in BA pa-
tients include failed KP with no effective biliary drainage,
progressive manifestations of portal hypertension, and re-
current cholangitis following KP.6:38:43 In addition, our study

found that variceal bleeding was significantly associated
with in-hospital death in the KP group, while this association
was not statistically significant in the LT group. These find-
ings suggested that for BA children who had already devel-
oped progressive cirrhosis and its complications, LT might
be the optimal treatment option without KP as a “bridge” to
reduce the risk of in-hospital death.

Our study showed that hospitals with more BA admis-
sions were associated with a lower risk of in-hospital death.
Previous studies have also suggested that the experience
of a medical center in BA management and the surgeons’
experience are significant modifiable factors related to pa-
tients’ outcomes.4445 Another result of our study which de-
serves attention is the absolute predominance of tertiary
class A hospitals among the hospitals included, especially
for the LT group. Due to the technical difficulties, the pedi-
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Subgroups OR (95% CI) P value

No surgery
Age
< 6 months (Reference)

6-< 12 months ——t 5.54 (3.47, 8.84) <0.001

12-< 24 months ——y 2.19 (1.17, 4.09) 0.014
Sex

Male (Reference)

Female i 1.14 (0.76, 1.72) 0.520
Caseloads for BA

2100 (Reference)

<100 —— 2.35(1.26, 4.38) 0.007
Type of admission

Routine (Reference)

Emergency or referral ——t 1.99 (1.28, 3.10) 0.002

Other — et 1.67 (0.59, 4.71) 0.337
District

Beijing/Shanghai (Reference)

Others —— 0.39 (0.21, 0.70) 0.002
Cirrhosis

No (Reference)

Yes —— 1.62 (1.01, 2.60) 0.046
Hepatic encephalopathy
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Fig. 2. The effects of the potentially influencing factors on in-hospital death of BA patients in the non-surgery group and LT group.
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atric LT procedure requires a higher level of medical care
and more skilled, experienced surgeons. Thus, a remark-
able preference for cross-district hospitalizations was ob-
served in Shanghai and Beijing, which were deemed as with
better medical care in China. Our study also showed that
BA patients in the non-surgery group admitted in Beijing
and Shanghai had higher in-hospital death than other dis-
tricts. This phenomenon can be explained by that patients
in critical condition tended to be admitted or referred to
advanced hospitals in first-tier cities for treatment. In con-
trast, patients who underwent LT in these two cities had
lower death rates. The reasonable explanation was that Bei-
jing and Shanghai have more LT centers according to the
China Liver Transplant Registry (http://www.cltr.org/) and
more skilled and experienced doctors than other districts.
Therefore, it contributed to a higher success rate for sur-
gery and more comprehensive perioperative care in these
cities. Finally, the study suggested that the unbalanced dis-
tribution of health resources related to BA in China should
be concerned and would be further addressed to improve
the prognosis of BA children.

However, this study has some potential limitations. First,
although quality control was performed, case identification
relied totally on ICD-10 codes, which might contribute to
the incomplete inclusion of BA patients. Second, all patient
information was extracted from the front page of patients’
medical records without several clinical data, such as the
value of transaminase, total bilirubin, blood ammonia, pedi-
atric end-stage liver disease score and ultrasound findings,
which might also be associated with in-hospital death of
BA. Moreover, the prevalence and treatment varied across
different countries, limiting our results’ generalizability. De-
spite these limitations, the main advantage of this study
is the large sample size of BA patients from a nationwide
database. In addition, the study would help us better un-
derstand the overall hospitalization burden of BA in China
among children below two years of age and identify specific
factors for the prognosis of pediatric BA patients.

Conclusions

In-hospital survival remains unsatisfactory for pediatric BA
patients. Moreover, unbalanced distribution of health re-
sources related to BA treatment, especially LT, exists in Chi-
na. In addition, LT could guarantee the in-hospital outcome
of severe BA patients with serious complications. Improving
the accessibility to LT and professional training in underde-
veloped areas in the future might be crucial for improving
the prognosis of BA patients.

Funding

This work was supported by grants from Capital’s Funds for
Health Improvement and Research (Grant Number: 2020-
1-2024) and Research Foundation of Beijing Friendship
Hospital, Capital Medical University (No. yyqdkt2017-27).

Conflict of interest

The authors have no conflict of interests related to this pub-
lication.

Author contributions

Contributed to study concept and design (ZJZ, LYS, YZJ),

Shi Y. et al: Prognostic factors for BA children

acquisition of data; analysis and interpretation of data;
drafting of the manuscript (LYS, YZJ, GPZ), statistical analy-
sis and analysis of data (LYS, YS, LXG), study supervision;
critical revision of the manuscript for important intellectual
content (2JZ, HBW, LYS, YYK)

Data sharing statement

The datasets generated and/or analyzed during the current
study are available from the corresponding author on rea-
sonable request.

References

[1] Landing BH. Considerations of the pathogenesis of neonatal hepatitis, bil-
iary atresia and choledochal cyst—the concept of infantile obstructive chol-
angiopathy. Prog Pediatr Surg 1974;6:113-139. PMID:4856850.

[2] Petersen C. Pathogenesis and treatment opportunities for biliary atresia. Clin
Liver Dis 2006;10(1):73-88. doi:10.1016/j.cld.2005.10.001, PMID:1637
6795.

[3] Hartley J, Harnden A, Kelly D. Biliary atresia. BMJ 2010;340:c2383.
doi:10.1136/bmj.c2383, PMID:20484362.

[4] Yoon PW, Bresee ]S, Olney RS, James LM, Khoury MJ. Epidemiology of
biliary atresia: a population-based study. Pediatrics 1997;99(3):376-382.
doi:10.1542/peds.99.3.376, PMID:9041292.

[5] Harpavat S, Garcia-Prats JA, Shneider BL. Newborn bilirubin screening
for biliary atresia. N Engl J Med 2016;375(6):605-606. doi:10.1056/NE-
JMc1601230, PMID:27509119.

[6] Ramachandran P, Safwan M, Reddy MS, Rela M. Recent trends in the diagno-
sis and management of biliary atresia in developing countries. Indian Pedi-
atr 2015;52(10):871-879. doi:10.1007/s13312-015-0735-6, PMID:2649
9012.

[7] Butler AE, Schreiber RA, Yanchar N, Emil S, Laberge JM. The Canadian
Biliary Atresia Registry: Improving the care of Canadian infants with biliary
atresia. Paediatr Child Health 2016;21(3):131-134. PMID:27398049.

[8] Chiu CY, Chen PH, Chan CF, Chang MH, Wu TC. Biliary atresia in preterm
infants in Taiwan: a nationwide survey. J Pediatr 2013;163(1):100-103.e1.
doi:10.1016/j.jpeds.2012.12.085, PMID:23414661.

[9] Sanchez-Valle A, Kassira N, Varela VC, Radu SC, Paidas C, Kirby RS. Biliary
atresia: Epidemiology, genetics, clinical update, and public health perspec-
tive. Adv Pediatr 2017;64(1):285-305. doi:10.1016/j.yapd.2017.03.012,
PMID:28688594.

[10] Wildhaber BE, Majno P, Mayr ], Zachariou Z, Hohlfeld J, Schwoebel M, et al.
Biliary atresia: Swiss national study, 1994-2004. ] Pediatr Gastroenterol Nutr
2008;46(3):299-307. doi:10.1097/MPG.0b013e3181633562, PMID:183
76248.

[11] Nio M. Japanese biliary atresia registry. Pediatr Surg Int 2017;33(12):1319-
1325. doi:10.1007/s00383-017-4160-x, PMID:29039049.

[12] de Vries W, Lind RC, Sze YK, van der Steeg AF, Sieders E, Porte RJ, et
al. Overall quality of life in adult biliary atresia survivors with or without
liver transplantation: Results from a national cohort. Eur J Pediatr Surg
2016;26(4):349-356. doi:10.1055/s-0035-1554913, PMID:26018212.

[13] Tambucci R, de Magnée C, Szabo M, Channaoui A, Pire A, de Meester de
Betzenbroeck V, et al. Sequential treatment of biliary atresia with kasai
hepatoportoenterostomy and liver transplantation: Benefits, risks, and
outcome in 393 children. Front Pediatr 2021;9:697581. doi:10.3389/fped.
2021.697581, PMID:34307260.

[14] Capparelli MA, Ayarzabal VH, Halac ET, Questa HA, Minetto MJ, Cervio G,
et al. Preoperative risk factors for the early failure of the Kasai portoenter-
ostomy in patients with biliary atresia. Pediatr Surg Int 2021;37(9):1183-
1189. doi:10.1007/s00383-021-04933-y, PMID:34057595.

[15] Witt M, van Wessel DBE, de Kleine RHJ, Bruggink JLM, Hulscher JBF, Verkade
HJ. Prognosis of biliary atresia after 2-year survival with native liver: A
nationwide cohort analysis. J Pediatr Gastroenterol Nutr 2018;67(6):689—
694. doi:10.1097/MPG.0000000000002130, PMID:30095577.

[16] Hartley JL, Davenport M, Kelly DA. Biliary atresia. Lancet 2009;
374(9702):1704-1713.doi:10.1016/S0140-6736(09)60946-6, PMID:1991
4515.

[17] Kasahara M, Umeshita K, Sakamoto S, Fukuda A, Furukawa H, Uemoto S.
Liver transplantation for biliary atresia: a systematic review. Pediatr Surg
Int 2017;33(12):1289-1295. doi:10.1007/s00383-017-4173-5, PMID:289
83725.

[18] Jung E, Park WH, Choi SO. Late complications and current status of long-
term survivals over 10 years after Kasai portoenterostomy. J Korean Surg
Soc 2011;81(4):271-275. doi:10.4174/jkss.2011.81.4.271, PMID:221
11083.

[19] van Wessel DB, Witt M, Bax N, Verkade HJ, Scheenstra R, de Kleine RH,
et al. Variceal bleeds in patients with biliary atresia. Eur J Pediatr Surg
2018;28(5):439-444. doi:10.1055/s-0037-1603987, PMID:28658682.

[20] Molleston JP. Variceal bleeding in children. ] Pediatr Gastroenterol Nutr
2003;37(5):538-545. doi:10.1097/00005176-200311000-00006, PMID:
14581793.

[21] Nomden M, van Wessel DBE, Ioannou S, Verkade HJ, de Kleine RH, Aliza-

8 Journal of Clinical and Translational Hepatology 2022


http://www.cltr.org/
http://www.ncbi.nlm.nih.gov/pubmed/4856850
https://doi.org/10.1016/j.cld.2005.10.001
http://www.ncbi.nlm.nih.gov/pubmed/16376795
http://www.ncbi.nlm.nih.gov/pubmed/16376795
https://doi.org/10.1136/bmj.c2383
http://www.ncbi.nlm.nih.gov/pubmed/20484362
https://doi.org/10.1542/peds.99.3.376
http://www.ncbi.nlm.nih.gov/pubmed/9041292
https://doi.org/10.1056/NEJMc1601230
https://doi.org/10.1056/NEJMc1601230
http://www.ncbi.nlm.nih.gov/pubmed/27509119
https://doi.org/10.1007/s13312-015-0735-6
http://www.ncbi.nlm.nih.gov/pubmed/26499012
http://www.ncbi.nlm.nih.gov/pubmed/26499012
http://www.ncbi.nlm.nih.gov/pubmed/27398049
https://doi.org/10.1016/j.jpeds.2012.12.085
http://www.ncbi.nlm.nih.gov/pubmed/23414661
https://doi.org/10.1016/j.yapd.2017.03.012
http://www.ncbi.nlm.nih.gov/pubmed/28688594
https://doi.org/10.1097/MPG.0b013e3181633562
http://www.ncbi.nlm.nih.gov/pubmed/18376248
http://www.ncbi.nlm.nih.gov/pubmed/18376248
https://doi.org/10.1007/s00383-017-4160-x
http://www.ncbi.nlm.nih.gov/pubmed/29039049
https://doi.org/10.1055/s-0035-1554913
http://www.ncbi.nlm.nih.gov/pubmed/26018212
https://doi.org/10.3389/fped.2021.697581
https://doi.org/10.3389/fped.2021.697581
http://www.ncbi.nlm.nih.gov/pubmed/34307260
https://doi.org/10.1007/s00383-021-04933-y
http://www.ncbi.nlm.nih.gov/pubmed/34057595
https://doi.org/10.1097/MPG.0000000000002130
http://www.ncbi.nlm.nih.gov/pubmed/30095577
https://doi.org/10.1016/S0140-6736(09)60946-6
http://www.ncbi.nlm.nih.gov/pubmed/19914515
http://www.ncbi.nlm.nih.gov/pubmed/19914515
https://doi.org/10.1007/s00383-017-4173-5
http://www.ncbi.nlm.nih.gov/pubmed/28983725
http://www.ncbi.nlm.nih.gov/pubmed/28983725
https://doi.org/10.4174/jkss.2011.81.4.271
http://www.ncbi.nlm.nih.gov/pubmed/22111083
http://www.ncbi.nlm.nih.gov/pubmed/22111083
https://doi.org/10.1055/s-0037-1603987
http://www.ncbi.nlm.nih.gov/pubmed/28658682
https://doi.org/10.1097/00005176-200311000-00006
http://www.ncbi.nlm.nih.gov/pubmed/14581793

Shi Y. et al: Prognostic factors for BA children

deh BZ, et al. A higher incidence of isolated biliary atresia in rural areas:
Results from an epidemiological study in The Netherlands. J Pediatr Gastro-
enterol Nutr 2021;72(2):202-209. doi:10.1097/MPG.0000000000002916,
PMID:32833894.

[22] Ihn K, Na Y, Ho IG, Lee D, Koh H, Han SJ. A periodic comparison of the
survival and prognostic factors of biliary atresia after Kasai portoenterosto-
my: a single-center study in Korea. Pediatr Surg Int 2019;35(3):285-292.
doi:10.1007/s00383-018-04434-5, PMID:30607544.

[23] Arnon R, Annunziato RA, D’Amelio G, Chu J, Shneider BL. Liver trans-
plantation for biliary atresia: Is there a difference in outcome for infants?
J Pediatr Gastroenterol Nutr 2016;62(2):220-225. doi:10.1097/MPG.
0000000000000986, PMID:26418214.

[24] Zhang L, Zuo L. Current burden of end-stage kidney disease and its fu-
ture trend in China. Clin Nephrol 2016;86(Suppl 1):27-28. doi:10.5414/
CNP86S104, PMID:27469147.

[25] Li J, Cui Z, Long JY, Huang W, Wang JW, Wang H, et al. The frequency of
ANCA-associated vasculitis in a national database of hospitalized patients
in China. Arthritis Res Ther 2018;20(1):226. doi:10.1186/s13075-018-
1708-7, PMID:30286799.

[26] Li J, Cui Z, Long ], Huang W, Wang J, Zhang H, et al. Primary glomerular
nephropathy among hospitalized patients in a national database in Chi-
na. Nephrol Dial Transplant 2018;33(12):2173-2181. doi:10.1093/ndt/
gfy022, PMID:29509919.

[27] Lee KJ, Kim JW, Moon JS, Ko JS. Epidemiology of biliary atresia in Korea.
J Korean Med Sci 2017;32(4):656-660. doi:10.3346/jkms.2017.32.4.656,
PMID:28244293.

[28] Wada H, Muraji T, Yokoi A, Okamoto T, Sato S, Takamizawa S, et al. Insignifi-
cant seasonal and geographical variation in incidence of biliary atresia in Ja-
pan: a regional survey of over 20 years. ] Pediatr Surg 2007;42(12):2090-
2092. doi:10.1016/j.jpedsurg.2007.08.035, PMID:18082714.

[29] Siddig S, Jimenez-Rivera C, Kuenzig ME, Lima I, Geraghty MT, Ng VL,
et al. Direct health care costs, health services utilization, and outcomes
of biliary atresia: A population-based cohort study. J Pediatr Gastroen-
terol Nutr 2020;70(4):436-443. doi:10.1097/MPG.0000000000002582,
PMID:31834111.

[30] Raghu VK, Squires JE, Mogul DB, Squires RH, McKiernan PJ, Mazarie-
gos GV, et al. Cost-effectiveness of primary liver transplantation versus
hepatoportoenterostomy in the management of biliary atresia in the
United States. Liver Transpl 2021;27(5):711-718. doi:10.1002/1t.25984,
PMID:33460529.

[31] Superina R. Liver transplantation for biliary atresia: does the insur-
ance type really make a difference? Liver Transpl 2013;19(5):470-471.
doi:10.1002/1t.23631, PMID:23463602.

[32] Mieli-Vergani G, Howard ER, Portman B, Mowat AP. Late referral for bil-
iary atresia—missed opportunities for effective surgery. Lancet 1989;
1(8635):421-423. doi:10.1016/s0140-6736(89)90012-3, PMID:2563796.

[33] Serinet MO, Wildhaber BE, Broué P, Lachaux A, Sarles ], Jacquemin E,
et al. Impact of age at Kasai operation on its results in late childhood
and adolescence: a rational basis for biliary atresia screening. Pediatrics
2009;123(5):1280-1286. doi:10.1542/peds.2008-1949, PMID:19403492.

[34] Nio M, Ohi R, Miyano T, Saeki M, Shiraki K, Tanaka K. Five- and 10-year
survival rates after surgery for biliary atresia: a report from the Japanese
Biliary Atresia Registry. J Pediatr Surg 2003;38(7):997-1000. doi:10.1016/
s0022-3468(03)00178-7, PMID:12861525.

[35] Hopkins PC, Yazigi N, Nylund CM. Incidence of biliary atresia and timing
of hepatoportoenterostomy in the United States. ] Pediatr 2017;187:253-
257. doi:10.1016/j.jpeds.2017.05.006, PMID:28746031.

[36] Li QG, Wan P, Zhang JJ, Chen QM, Chen XS, Han LZ, et al. Liver transplan-
tation for biliary atresia: A single-center study from mainland China. World
J Gastroenterol 2015;21(32):9638-9647. doi:10.3748/wjg.v21.i32.9638,
PMID:26327772.

[37] McDiarmid SV, Anand R, Lindblad AS. Studies of Pediatric Liver Trans-
plantation: 2002 update. An overview of demographics, indications, tim-
ing, and immunosuppressive practices in pediatric liver transplantation in
the United States and Canada. Pediatr Transplant 2004;8(3):284-294.
doi:10.1111/j.1399-3046.2004.00153.x, PMID:15176967.

[38] Sundaram SS, Mack CL, Feldman AG, Sokol RJ. Biliary atresia: Indications
and timing of liver transplantation and optimization of pretransplant care.
Liver Transpl 2017;23(1):96-109. doi:10.1002/1t.24640, PMID:27650268.

[39] Wan P, Xu D, Zhang J, Li Q, Zhang M, Chen X, et al. Liver transplanta-
tion for biliary atresia: A nationwide investigation from 1996 to 2013 in
mainland China. Pediatr Transplant 2016;20(8):1051-1059. doi:10.1111/
petr.12750, PMID:27368158.

[40] Wijdicks EF. Hepatic encephalopathy. N Engl J Med 2016;375(17):1660-
1670. doi:10.1056/NEJMra1600561, PMID:27783916.

[41] Shneider BL, Abel B, Haber B, Karpen SJ], Magee JC, Romero R, et al.
Portal hypertension in children and young adults with biliary atresia.
J Pediatr Gastroenterol Nutr 2012;55(5):567-573. doi:10.1097/MPG.
0b013e31826eb0cf, PMID:22903006.

[42] Shneider BL, Bosch J, de Franchis R, Emre SH, Groszmann RJ, Ling SC, et
al. Portal hypertension in children: expert pediatric opinion on the report
of the Baveno v Consensus Workshop on Methodology of Diagnosis and
Therapy in Portal Hypertension. Pediatr Transplant 2012;16(5):426-437.
doi:10.1111/j.1399-3046.2012.01652.x, PMID:22409296.

[43] Shneider BL, Mazariegos GV. Biliary atresia: a transplant perspective. Liver
Transpl 2007;13(11):1482-1495. doi:10.1002/1t.21303, PMID:17969203.

[44] Wildhaber BE. Biliary atresia: 50 years after the first kasai. ISRN Surg
2012;2012:132089. doi:10.5402/2012/132089, PMID:23304557.

[45] Davenport M, Caponcelli E, Livesey E, Hadzic N, Howard E. Surgical out-
come in biliary atresia: etiology affects the influence of age at surgery.
Ann Surg 2008;247(4):694-698. doi:10.1097/SLA.0b013e3181638627,
PMID:18362634.

Journal of Clinical and Translational Hepatology 2022 9


https://doi.org/10.1097/MPG.0000000000002916
http://www.ncbi.nlm.nih.gov/pubmed/32833894
https://doi.org/10.1007/s00383-018-04434-5
http://www.ncbi.nlm.nih.gov/pubmed/30607544
https://doi.org/10.1097/MPG.0000000000000986
https://doi.org/10.1097/MPG.0000000000000986
http://www.ncbi.nlm.nih.gov/pubmed/26418214
https://doi.org/10.5414/CNP86S104
https://doi.org/10.5414/CNP86S104
http://www.ncbi.nlm.nih.gov/pubmed/27469147
https://doi.org/10.1186/s13075-018-1708-7
https://doi.org/10.1186/s13075-018-1708-7
http://www.ncbi.nlm.nih.gov/pubmed/30286799
https://doi.org/10.1093/ndt/gfy022
https://doi.org/10.1093/ndt/gfy022
http://www.ncbi.nlm.nih.gov/pubmed/29509919
https://doi.org/10.3346/jkms.2017.32.4.656
http://www.ncbi.nlm.nih.gov/pubmed/28244293
https://doi.org/10.1016/j.jpedsurg.2007.08.035
http://www.ncbi.nlm.nih.gov/pubmed/18082714
https://doi.org/10.1097/MPG.0000000000002582
http://www.ncbi.nlm.nih.gov/pubmed/31834111
https://doi.org/10.1002/lt.25984
http://www.ncbi.nlm.nih.gov/pubmed/33460529
https://doi.org/10.1002/lt.23631
http://www.ncbi.nlm.nih.gov/pubmed/23463602
https://doi.org/10.1016/s0140-6736(89)90012-3
http://www.ncbi.nlm.nih.gov/pubmed/2563796
https://doi.org/10.1542/peds.2008-1949
http://www.ncbi.nlm.nih.gov/pubmed/19403492
https://doi.org/10.1016/s0022-3468(03)00178-7
https://doi.org/10.1016/s0022-3468(03)00178-7
http://www.ncbi.nlm.nih.gov/pubmed/12861525
https://doi.org/10.1016/j.jpeds.2017.05.006
http://www.ncbi.nlm.nih.gov/pubmed/28746031
https://doi.org/10.3748/wjg.v21.i32.9638
http://www.ncbi.nlm.nih.gov/pubmed/26327772
https://doi.org/10.1111/j.1399-3046.2004.00153.x
http://www.ncbi.nlm.nih.gov/pubmed/15176967
https://doi.org/10.1002/lt.24640
http://www.ncbi.nlm.nih.gov/pubmed/27650268
https://doi.org/10.1111/petr.12750
https://doi.org/10.1111/petr.12750
http://www.ncbi.nlm.nih.gov/pubmed/27368158
https://doi.org/10.1056/NEJMra1600561
http://www.ncbi.nlm.nih.gov/pubmed/27783916
https://doi.org/10.1097/MPG.0b013e31826eb0cf
https://doi.org/10.1097/MPG.0b013e31826eb0cf
http://www.ncbi.nlm.nih.gov/pubmed/22903006
https://doi.org/10.1111/j.1399-3046.2012.01652.x
http://www.ncbi.nlm.nih.gov/pubmed/22409296
https://doi.org/10.1002/lt.21303
http://www.ncbi.nlm.nih.gov/pubmed/17969203
https://doi.org/10.5402/2012/132089
http://www.ncbi.nlm.nih.gov/pubmed/23304557
https://doi.org/10.1097/SLA.0b013e3181638627
http://www.ncbi.nlm.nih.gov/pubmed/18362634

