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Abstract

AIM: To describe the ages at diagnosis and operation
of biliary atresia (BA) and its incidence over a 15-year
period in Taiwan.

METHODS: This was a population-based cohort study.
BA cases were identified from the Taiwan National
Health Insurance Research Database based on the
International Classification of Diseases, Ninth Revision
(ICD-9) code of BA 751.61 plus Kasai operation
(ICD-9 procedure code 51.37) or liver transplantation
(LT, ICD-9 procedure code 50.5). The patients’
characteristics including sex, age at diagnosis, age
at receiving Kasai operation and age at receiving LT
were compared among three birth cohorts: (1) 1997 to
2001; (2) 2002 to 2006; and (3) 2007 to 2011.

RESULTS: There were a total of 540 BA cases (275
females) with an incidence of 1.62 per 10000 live
births. No seasonality of BA was noted. The mean ages
at diagnosis of three cohorts were 57.9, 55.6 and 52.6 d.
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A linear regression model demonstrated a decreasing
trend of the mean age at diagnosis (1.27 d per year).
The proportion of BA cases that received the Kasai
operation within 60 d of age increased from 76% to
81%. A total of 189 (35%) BA patients underwent LT.
The mean age at LT was reduced from 3-year-old to
1-year-old. The rates of LT were 25.6% and 32.3% in
patients who received the Kasai operation within 60 d
or after 60 d of age, respectively. All patients who did
not undergo a Kasai operation eventually required LT.

CONCLUSION: The ages at diagnosis and operation
in BA cases have decreased over time. Kasai operation
performed at younger age reduces the need for LT.
The incidence of BA in Taiwan fluctuates, but without
certain trend.

Key words: Age; Biliary atresia; Kasai operation; Stool
color card; Liver transplantation

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Biliary atresia (BA) is an important liver
disease of children. The age of diagnosis and operation
for BA greatly affects its outcome. The incidence
of BA varies among different studies and long-term
trends are controversial. This study found the long-
term incidence of BA in Taiwan has no increasing or
decreasing trend. The age at diagnosis and operation
of BA is continuously decreasing. The mean age at liver
transplantation was reduced from 3-year-old to 1-year-
old during the 15-year study period.

Lin JS, Chen SCC, Lu CL, Lee HC, Yeung CY, Chan WT.
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INTRODUCTION

Biliary atresia (BA) is the leading cause of liver-
related deaths and the most frequent reason for
liver transplantation (LT) in children. Its outcome
highly relates to the timing of diagnosis and sur-
gical treatment!*™. The Kasai operation (hepato-
portoenterostomy) as the primary surgical treatment
for BA cases is recommended to be performed as
early as possible!**®, because increased age at the
time of surgery may result in a deleterious effect
on the outcomes of BA cases®*”), Usually, delayed
identification of pale stools and delayed visits to a
physician are the major causes of a delayed Kasai
operation.

In 2004, Taiwan began a national screening
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program using an infant stool color card (SCC) to early
detect BA case®®. This program has been approved
to be a very sensitive and specific screening method
for BA in infants®'%., It can enhance earlier referral,
which may lead to timely performance of the Kasai
operation and better postoperative outcome in infants
with BA™*™, One study found a significant decrease
in the age at diagnosis and Kasai operation of BA
cases following the implementation of this screening
program!®., However, this study just observed the
BA cases until 2008, four years after the screening
program. Whether the decreasing trend of the ages at
diagnosis and Kasai operation after 2008 is continued
is not clear.

In addition, we would like to update the incidences
of BA and check its trend in Taiwan over a longer
period from 1997 to 2011. The incidence of BA varies
worldwide and tends to be higher in Asian coun-
tries than in Europe and North America™. It ranges
0.51-0.73 per 10000 in western countries”"*>*¢],
1.04-1.10 per 10000 in Japan'’'® and 1.46-1.85 per
10000 in Taiwan™***°!, Two studies from Taiwan have
reported contradicting trends!***”., Tiao et al™* observed
an increase in the incidence of BA in Taiwan from 1996
to 2003, but Lin et ai*® found a decrease in the BA
incidence in Taiwan from 2004 to 2009. One possible
explanation for the different conclusions is the different
observation periods. Moreover, these observation
periods may be too short to make any definitive
conclusion regarding long-term trends. Therefore, the
objectives of this study are to describe the ages of BA
cases at their diagnosis and operation and to update
their incidences from 1997 until 2011.

MATERIALS AND METHODS

Ethical approval and data source

Taiwan’s National Health Insurance program is a
government-managed, compulsory health insurance
that covers more than 99% of the country’s total
population. The National Health Insurance Research
Database (NHIRD) is a research database that stores
the claims data of the National Health Insurance;
it comprises both inpatient and outpatient medical
records and may be released to scientists in Taiwan
for research purposes. The identification numbers of
beneficiaries and institutions in the NHIRD have been
scrambled prior to the release of data to protect the
confidentiality of individuals. The Institutional Review
Board of Ditmanson Medical Foundation Chia-Yi
Christian Hospital has approved this study and waived
the requirement for written informed consent from
the patients as this study is a secondary data analysis
(CYCH-IRB No. 102023).

Study subjects
We retrieved all inpatient records in the NHIRD from
1997 to 2011 to estimate the annual number of
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Figure 1 Annual incidences of biliary atresia in Taiwan from 1997 to 2011.

newly diagnosed BA. Following the criteria of previous
studies (also based on the NHIRD)!***?!, BA cases were
identified if they had been given a diagnosis code of BA
[International Classification of Diseases, Ninth Revision
(ICD-9) diagnosis code 751.61] and had received a
Kasai operation (ICD-9 procedure code 51.37) or LT
(ICD-9 procedure code 50.5) during the study period.
The patients’ demographic and clinical characteristics,
including sex, date of birth, first date of admission at
which BA was suspected, records of LT, and age at
Kasai operation were recorded by longitudinal linkage
of the inpatient records in the NHIRD via an encrypted
personal identification number.

Statistical analysis

The annual incidence rate was calculated by the
number of cases of newly diagnosed BA divided by
the number of newborns per year. The temporal trend
of incidences was examined by testing the regression
coefficient of the calendar year via Poisson regression.
The patients’ characteristics, including sex, age at first
admission for BA, age at receiving a Kasai operation
and age at receiving LT were compared among three
birth cohorts: (1) 1997 to 2001; (2) 2002 to 2006;
and (3) 2007 to 2011. A linear regression model was
performed to compare the calendar year with the age
at receiving a Kasai operation and the first date of
admission in which BA was suspected. The Cochrane-
armitage trend test was performed to examine the
temporal trend of the percentage of patients who
received a Kasai operation before 60 d of age and the
percentage of patients who received LT. Statistical
analyses in this study were performed using SAS
analytical software (version 9.3, SAS Institute Inc.,
Cary, NC, United States). A P value < 0.05 was
considered to be statistically significant.

RESULTS

Case numbers and incidences per year
There were a total of 540 BA cases (265 males and

Baishidenge ~ WJG | www.wjgnet.com

13082

60 —4—Female —4— Male

—— Total

30 -

20 -

Case number of biliary atresia

10

t/mo

Figure 2 Monthly distribution of biliary atresia cases by two sexes.

275 females) who received the Kasai operation or LT
from 1997 to 2011. The number of newly diagnosed
cases per year varied between 24 and 52, with a mean
caseload of 36 new BA patients per year. The annual
incidence of BA varied from 1.17 to 2.07 per 10000
live births, with an overall incidence of 1.62 per 10000
live births (Figure 1). A temporal trend of incidences
from 1997 to 2011 was not observed via the Poisson
regression model (Figure 1, P = 0.714).

Seasonal variation

As shown in Figure 2, female BA cases had higher
incidences in the months of May and June but male
cases were homogenously distributed in all months.
The months with the highest total number of BA
births were January, June and October. However,
there was no obvious seasonal distribution of the BA
cases (Figure 2).

Ages at diagnosis, Kasai operation and liver
transplantation

The mean age at the first admission for suspected BA
decreased from 57.9 d in the first cohort to 52.6 d in
the third cohort, with a significant trend (P = 0.035,
Table 1). The SD of the ages at the first diagnosis was
also gradually reduced (Table 1); this indicated less
variation in the ages at diagnosis. Similarly, the means
and SD of the ages of BA cases that underwent the
Kasai operation were also significantly reduced from
the first cohort to the third cohort (P < 0.05, Table
1). Meanwhile, the linear regression model for the
mean age at operation demonstrated a significantly
decreasing trend (Figure 3). Consequently, the average
proportion of BA cases less than 60 d of age that
received the Kasai operation increased from 76.6%
to 81.1% over the studied period (Table 1); however,
these changes were not statistically significant (P =
0.285 in Figure 3). In contrast, the mean age at LT
was reduced from nearly three years old to less than
one year old; the SD of the ages at LT was also greatly
reduced (Table 1).
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Table 1 Case number, incidence, age at diagnosis, Kasai
operation and liver transplant, proportion of Kasai operation

within 60 d of age and percentage of liver transplant in three
year-ranges 71 (%)

1997-2001 2002-2006 2007-2011 P value

Case number 208 200 132

Male 97 (46.6) 101 (50.5) 67 (50.8)  0.421
Incidence (per 10000 6.68 8.31 6.73 0.699°
person-years)

Age at diagnosis (d), 57.9+70.0 55.6+554 52.6+364 0.035
mean + SD

Age at Kasai 582+420 505308 46.0+238 0.006"
operation (d),

mean + SD

Age at Liver 958 +859  617+638  353+237  0.006°
transplant (d),

mean * SD

Kasai operation 188 (90.4) 174 (87.0) 122(924) 0.702
Kasai operation < 144 (76.6) 154 (88.5) 99 (81.1) 0.285
60d"

Liver transplant 68 (32.7) 82 (41.0) 39 (29.6) 0.782*

'Percentage among those receiving Kasai operation; *Trend test based
on Poisson regression model; *Trend test based on general linear model;
*Cochran-Armitage trend test. BA: Biliary atresia.

Rate of liver transplantation

There were a total of 189 (35%) BA patients had
undergone LT during the study period. All BA patients
who did not receive the Kasai operation ultimately
needed LT (Table 2). The rates of LT were 25.6%
among those patients who received the Kasai
operation within 60 d of age and 32.3% among those
who received the operation over 60 d of age (P = 0.133,
Table 2).

DISCUSSION

This study was a 15-year population-based epide-
miological analysis of BA. The overall incidence of
BA in Taiwan was 1.62 (range, 1.17 to 2.07) per
10000 live births; this incidence is higher than that
of western countries and Japan”***®l, A systematic
review has suggested that ethnicity may play some
role in the occurrence of BAY. As shown in Figure 1,
the incidence of BA increased from 1.17 per 10000 live
births in 1997 to the highest rate of 2.07 per 10000
live births in 2003; this incidence then declined to an
ultimate low of 1.28 per 10000 live births in 2008.
These observations explain why Tiao et al'*” reported
an increasing trend in the incidence of BA from 1996
to 2003, but Lin et a/®” observed a decreasing trend
from 2004 to 2009. However, the incidence of BA
returned to 1.53 per 10000 live births in 2009, 1.78
per 10000 live births in 2010, and 1.44 per 10000 live
births in 2011. Thus, we may conclude that although
there have been fluctuations in the incidence of BA,
there is no significant trend in the long-term incidence
in Taiwan.
Lin et al

120 said the decrease of BA incidence
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in Taiwan during 2004-2009 may be related to
improvements of the general socioeconomic status
and the popularity of rotavirus vaccination. However,
as mentioned above, this present study found the
decrease of BA incidence was not continued after
2010, though the general socioeconomic status and
the coverage of rotavirus vaccination in Taiwan did not
decline at that time. Moreover, as the recommended
schedule for rotavirus vaccines is during the ages of 2
to 6 mo**?, it would be strange to expect the rotavirus
vaccine to prevent the occurrence of BA which is
usually diagnosed by the age of 2 mo. Therefore, we
think the previous assumption about the association
between rotavirus vaccination and BA incidence needs
to be further examined.

Tseng et al'™® found that the median age at first
admission for BA cases decreased from 47 d of age
before implementing the SCC program to 43 d of
age in the era of the SCC program. However, as
shown in Figure 3, we found the reducing trend of
the age at diagnosis has been started before 2004,
when the national SCC screening was begun. The
linear regression model demonstrated a decreasing
trend in the age at diagnosis (1.27 d per year)
(Figure 3). The age at diagnosis of the late cohort
was averagely advanced 2-3 d earlier than that of
the early cohort (Table 1). Therefore, this decrease in
ages at BA diagnosis and subsequent operation was
not entirely due to the SCC screening program alone.
Other factors such as medical resource availability
and better accessibility to surgical interventions may
also have contributed to these changes. Regardless,
we agree that SCC screening has the potential
benefit of increasing BA awareness in both parents
and physicians. Therefore, we would continue to
recommend the widespread use of SCC screening.
Notably, several countries have already implemented
SCC as their national screening program*>*4,

As the observed decreasing trend in the age at
diagnosis of BA continues, more BA cases can be
treated in a timely manner. As shown in the Figure 3,
the proportions of Kasai operations within 60 d of age
increased from 60% in 1997 to 75% in 2011. One
study in France estimated that 5.7% of all LTs might
be avoided if all BA patients received a Kasai operation
before 46 d of age!®. Our data also found that the rate
of LT was much less in BA patients who received a
Kasai operation within 60 d of age than in those who
received the operation at over 60 d of age (Table 2).
We believe the need for LT can further be reduced if
the average age at Kasai operation is reduced to 50 or
even 45 d of age in the future.

One astonishing finding in this study is the decrease
in the age at LT. The age at LT decreased from almost
three years of age in the first cohort to one year of age
in the third cohort (Table 1). Historically, the efficacy
of LT and postoperative management of these patients
have been limited; the donor pool for LT was also
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Figure 3 Decrease in the ages of biliary atresia cases and the respective proportions that received the Kasai operation within 60 d of age, from 1997 to

2011.

Table 2 Percentages of liver transplant related to the age of

biliary atresia patients receiving Kasai operation

Kasai operation Liver transplant Total
No (7) Yes (7) Transplant (%)

Without operation 0 56 100 56

With operation 351 133 275 484

Among those with operation

Operation age < 60 d 259 89 25.6" 348

Operation age > 60 d 92 44 32.3° 136

°P = 0.133, Operation age < 60 d vs Operation age > 60 d.

limited'’. Therefore, the timing of LT was delayed.
Over time, however, LT has become much more
effective with an increase in satisfactory results®®2®!, In
addition, the use of living-related donors has become
more acceptable and there has been an overall
increase in the general population’s attitude toward
organ donation. Physicians therefore may perform an
LT at an earlier stage in patients with potential hepatic
failure before many complications occur. These factors
help decrease the age at LT.

The seasonality of BA occurrence was controversial
in the literaturet****>!”?*31 One review paper said
the BA cases occurred mainly during the months of
August to March™, Nakamizo et a/®**' observed that
the incidence of BA had a negative correlation with the
average temperature of each monthand found a higher
incidence of BA during December to March in Japan.
However, other studies did not find the seasonality of
BA occurrence!™*”*34, Our study did not show certain
seasonal distribution of BA occurrence in Taiwan either,
though May and June had more female cases (Figure
2).

In conclusion, The ages at diagnosis, Kasai
operation and LT in BA cases have decreased over
time. The need for LT in BA cases may be reduced
if patients receive the Kasai operation as early as
possible. The incidence of BA in Taiwan has fluctuated,
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and has no overall increasing or decreasing trend. No
seasonality of BA was found in Taiwan.
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