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Abstract

Background: Biliary atresia (BA) requires timely diagnosis and Kasai portoenterostomy (KPE). We
mapped care-pathway timeliness and examined unadjusted associations with in-hospital outcome and
liver histopathology.

Methods: This retrospective cohort included children aged <6 years with BA undergoing KPE and liver
biopsy at a tertiary referral hospital in Bandung, West Java, Indonesia, during 2021-2025. Age >60 days
at each care stage defined an age-based indicator, without attributing provider-specific waiting time.
Outcomes were documented death during the index KPE hospitalization or discharge alive, and
histopathology categorized as normal, fibrosis, or cirrhosis. Analyses were unadjusted.

Results: Of 86 identified patients, 26 did not undergo KPE and were excluded; 60 were analyzed. Median
ages at diagnosis and KPE were 129.5 and 175.0 days. The proportions exceeding 60 days were 23.3%
at primary-care presentation, 65.0% at pediatrician assessment, 78.3% at subspecialist assessment,
81.7% at surgical assessment, and 96.7% at KPE. Documented death occurred in 33/60 (55.0%) and
cirrhosis in 35/60 (58.3%). Median KPE age was 194.0 days among children who died versus 154.0 days
among those discharged alive (Hodges—Lehmann estimate 47.0 days, 95% Cl 3.0-91.0). At
subspecialist referral, cirrhosis occurred in 32/47 (68.1%) children aged >60 days versus 3/13 (23.1%)
aged <60 days.

Conclusions: The proportion exceeding 60 days increased across care stages. Older KPE age was
associated with documented death; later-stage age indicators were associated with more severe
histopathology. These exploratory associations warrant further referral-process evaluation.

Background

Biliary atresia is a progressive fibro-obliterative disorder of the intrahepatic and extrahepatic bile ducts
that presents in early infancy and can rapidly progress to cirrhosis and liver failure. It is the leading
surgically correctable cause of neonatal cholestasis and remains a major indication for pediatric liver
transplantation worldwide [1-4]. Although its pathogenesis is multifactorial, involving genetic
susceptibility, immune dysregulation, and environmental triggers, the clinical priority is consistent:
infants with persistent jaundice, pale stools, and conjugated hyperbilirubinemia require prompt
evaluation [2—-4].

Kasai portoenterostomy (KPE) is the initial definitive operation intended to restore bile drainage and
prolong survival with the native liver. Surgical age is an important prognostic factor. Systematic reviews
have shown better native-liver survival when KPE is performed earlier, particularly by 60 days of age,
whereas outcomes decline with later surgery [5-8]. Even after successful KPE, recurrent cholangitis,
portal hypertension, malnutrition, progressive cirrhosis, and eventual transplantation remain common [2,
9-11]. These consequences make delayed recognition and treatment both a clinical problem and a
health-system performance issue.
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Delays can occur before and after entry into care. Families may interpret neonatal jaundice as
physiologic, whereas primary care providers may have limited familiarity with conjugated bilirubin
testing, stool color assessment, or urgent referral criteria [12-14]. At later stages, access to pediatric
subspecialists, diagnostic imaging, surgical assessment, operating room capacity, and postoperative
intensive care may further lengthen the pathway [15-17]. Screening and structured early-identification
strategies can shorten the time to diagnosis, but their implementation varies substantially across health
systems [18-21].

Published studies commonly use age at referral, diagnosis, or KPE as a summary measure of delay. Few
studies have separated the complete pathway from the family and primary care levels through pediatric,
gastroenterology-hepatology, and surgical services. This distinction is important in settings with tiered
referral systems because a child may enter care early but still reach definitive treatment late. Indonesian
studies have documented delayed referrals and gaps in primary-care knowledge, yet multilevel delays
and their relationships with both mortality and liver histopathology remain insufficiently characterized
[12-14, 22].

We therefore mapped the ages at which children with BA reached successive stages of care at a tertiary
referral hospital in West Java, Indonesia. We examined whether the proportion of children exceeding 60
days of age increased across successive care stages and whether these age-based indicators were
associated with documented death and liver histopathological severity in unadjusted analyses. This
study adds an Indonesian tertiary-referral perspective by identifying where children first exceeded the 60-
day threshold and describing intervals between diagnostic imaging and KPE.

Methods
Study Design and Setting

We conducted a single-center retrospective cohort study using medical records from child health and
pediatric surgical services at a tertiary referral hospital in Bandung, West Java, Indonesia. The hospital
provides pediatric gastroenterology-hepatology and pediatric surgical services. The eligible clinical-
record period was 1 January 2021 through 31 December 2025. Medical records were collected and
reviewed from June through August 2026. The study methods and analyses followed the approved
protocol without substantive deviations.

Participants

The target population comprised children aged < 6 years with BA. We included all eligible patients treated
during the study period who had undergone KPE and liver biopsy and whose records documented the
ages at first healthcare presentation, pediatrician assessment, pediatric gastroenterology-hepatology
assessment, pediatric surgery assessment, diagnosis, and KPE. Records were excluded if essential
pathway data were incomplete or if the initial diagnosis of BA was not confirmed by operative findings
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and/or subsequent investigations. Of 86 BA records identified, 26 patients did not undergo KPE and were
excluded. Among patients who underwent KPE, no additional records were excluded because of
incomplete pathway data, missing histopathology, or unconfirmed BA. Sixty patients met the eligibility
criteria and were included in the analysis. No post-discharge follow-up was used for the primary
outcome.

Variables and definitions

The referral pathway was reconstructed from recorded dates and ages. The stages were as follows: (1)
first healthcare presentation at primary care; (2) referral from primary care to a pediatrician; (3) referral
from a pediatrician to pediatric gastroenterology-hepatology; (4) referral from pediatric gastroenterology-
hepatology to pediatric surgery; and (5) pediatric surgical care culminating in KPE. For comparability with
the clinically relevant early-treatment threshold described in the literature [5-8], we defined an age-based
indicator at each stage as age > 60 days at the corresponding contact, referral, or procedure; age < 60
days was classified as not exceeding the threshold. This indicator identifies whether the recommended
early-life window had already been exceeded at that point. It does not measure provider-specific waiting
time or establish which provider caused the delay.

We recorded sex, age at each care stage, age at diagnosis and KPE, hospital entry service, anatomic BA
type, imaging pathway, cytomegalovirus (CMV) IgM status, liver biochemistry, albumin, liver
histopathology, and in-hospital outcome. The first care stage at which the 60-day threshold was
exceeded was defined as the earliest recorded stage at which the child was older than 60 days. The
family stage was assigned when the child first presented to primary care after 60 days of age; the
primary-care stage when presentation occurred by 60 days but pediatrician assessment occurred after
60 days; the pediatrician stage when pediatrician assessment occurred by 60 days but subspecialist
assessment occurred after 60 days; the pediatric gastroenterology-hepatology stage when subspecialist
assessment occurred by 60 days but pediatric surgery assessment occurred after 60 days; and the
pediatric surgery stage when surgical assessment occurred by 60 days but KPE was performed after 60
days. Children who underwent KPE by 60 days were classified as having no identified late stage. These
labels describe the first point at which the threshold was observed to have been exceeded and should
not be interpreted as provider-specific attribution.

Liver biopsy samples were categorized as normal, fibrosis, or cirrhosis according to the pathology report.
In-hospital outcome was defined as discharge status from the hospitalization during which KPE was
performed and categorized as documented death during that hospitalization or discharge alive.
Outcome ascertainment was limited to the index KPE hospitalization; no post-discharge follow-up was
used for the primary outcome. Post-discharge survival and time-to-event outcomes were not analyzed.
Duration of the index KPE hospitalization was not available for analysis.

Data collection and statistical analysis
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Data abstraction was performed by the first author (MIS), without independent second abstraction; a
statistical analyst assisted with the analyses. Data were extracted from pediatric gastroenterology-
hepatology and pediatric surgery outpatient and inpatient records. For each variable, dates of healthcare
encounters were obtained from the corresponding referral or clinical record, biochemical data from
laboratory reports obtained at initial presentation to the study hospital before KPE, anatomic BA type
from operative findings, histopathology from pathology reports, and discharge outcome from the
hospitalization record. Where multiple records documented the same transition, the earliest date
representing actual patient contact or completed referral was used according to a predefined abstraction
rule. Data were coded during abstraction. Records were reviewed for completeness and checked for
duplication, inconsistency, and extreme values before analysis. No discrepant information was identified
across the records reviewed. All 60 included patients had complete care-pathway data, BA type, liver
histopathology, and discharge status. GGT and ALP were available for 58 of 60 participants; two
observations were missing for each variable, and the reasons for missingness were unknown. Analyses
used the available observations for each variable, without imputation. Intervals involving additional
imaging were summarized only for patients who underwent the corresponding examinations. Analyses
were performed using IBM SPSS Statistics for Windows, version 27.0.

Continuous variables were assessed for normality using the Kolmogorov-Smirnov or Shapiro-Wilk test
and are presented as medians and interquartile ranges (IQRs) because the analyzed variables were
nonnormally distributed. Categorical variables are reported as frequencies and percentages.
Associations between categorical variables and in-hospital outcome or liver histopathological severity
category were assessed using the chi-square test. When expected cell counts were insufficient, Fisher’s
exact test was used for 2x2 tables, and the Fisher—Freeman—Halton test with Monte Carlo estimation
was used for larger contingency tables. Continuous variables were compared between outcome groups
using the Mann—-Whitney test. The Hodges—Lehmann estimator and its 95% confidence interval were
calculated to quantify the location shift between the documented-death and discharged-alive groups.
Effect estimates were not calculated for the three-category histopathological outcome because sparse
2x3 cells would have produced unstable or non-estimable category-specific estimates. All tests were
two-sided, and p < 0.05 was considered statistically significant. No adjustment for multiple comparisons
was applied; therefore, the reported bivariable associations were considered exploratory and unadjusted.
During manuscript preparation, anatomic BA type was considered a potential confounder, while bilirubin
and albumin were considered indicators of disease severity at hospital presentation. These
considerations were not prespecified, and no adjusted analysis was performed. Owing to the small
sample size and sparse categories, no multivariable model was fitted; potential confounding was not
controlled. Because BA is uncommon and the study used total sampling of all eligible patients during the
predefined period, no a priori sample-size calculation was performed. The resulting sample size limited
the precision of estimates and the feasibility of adjusted analyses.

Patient and public involvement: Patients and the public were not involved in the design, conduct,
reporting, or dissemination plans of this retrospective medical-record study.
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Results

Patient characteristics and timing of care

Of 86 patients with BA identified during the study period, 26 were excluded because they did not undergo
KPE. The remaining 60 patients underwent KPE and liver biopsy and had complete pathway data; all
were included in the analysis (Fig. 1a). Of these, 34 (56.7%) were female. Jaundice began by 60 days in
46 children (76.7%), yet the median age at all subsequent healthcare stages exceeded 60 days. The
median age was 73.5 days (IQR 46.0-117.2) at the pediatrician assessment, 108.5 days (65.5-155.5) at
the pediatric gastroenterology-hepatology assessment, 109.5 days (74.0-156.8) at pediatric surgery
assessment, 129.5 days (76.5-178.2) at the time of diagnosis, and 175.0 days (122.0-238.8) at the KPE
(Table 1). Type 3 BA was the most common anatomic type (63.3%).

The first stage at which the 60-day threshold was exceeded was primary care in 25 children (41.7%),
followed by the family stage in 14 (23.3%), pediatric surgery in nine (15.0%), and the pediatrician stage in
eight (13.3%). Forty-nine children (81.7%) underwent hepatobiliary ultrasonography at the study hospital.
Initial imaging occurred relatively soon after specialist contact: the median interval was 3 days from
pediatric gastroenterology-hepatology assessment to ultrasonography and 5 days from pediatric surgery
assessment to ultrasonography. In contrast, the median interval from ultrasonography to KPE was 42
days. Among the children who underwent additional imaging, the median intervals were 23 days from
ultrasonography to scintigraphy, 51.5 days from ultrasonography to magnetic resonance
cholangiopancreatography (MRCP), 58 days from scintigraphy to KPE, and 68 days from MRCP to KPE.

At KPE, liver histopathology revealed cirrhosis in 35 children (58.3%), fibrosis in 22 (36.7%), and normal
histology in three (5.0%). Documented death occurred in 33 children (55.0%) during the KPE
hospitalization, whereas 27 (45.0%) were discharged alive. GGT and ALP each had two missing
observations; all 60 participants had recorded histopathology and discharge status.

Figure 1. Participant selection and age-based indicators across the biliary atresia care pathway

(a) Selection of the analytic cohort. (b) Numbers and percentages of the 60 included children aged >60
days at each care stage. These indicators reflect age at the corresponding stage, not provider-specific
waiting times or attribution of delay. KPE, Kasai portoenterostomy.

Table 1. Participant characteristics and timing of care (N=60)
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Characteristic

Demographic and clinical characteristics

Female sex

Type 3 biliary atresia

Reactive CMV IgM

Cirrhosis on liver biopsy

Documented death during the KPE hospitalization

Age at care stage, median days (IQR)

Pediatrician assessment

Pediatric gastroenterology-hepatology assessment
Pediatric surgery assessment

Diagnosis

Kasai portoenterostomy

First care stage at which the 60-day threshold was exceeded
No identified late stage

Family

Primary healthcare facility

Pediatrician

Pediatric gastroenterology-hepatology

Pediatric surgery

Selected intervals, median days (IQR)
Gastroenterology-hepatology assessment to ultrasonography, n=42
Pediatric surgery assessment to ultrasonography, n=27
Ultrasonography to KPE, n=59

Ultrasonography to scintigraphy, n=11

Ultrasonography to MRCP, n=4

Scintigraphy to KPE, n=11

MRCP to KPE, n=4

Value, n (%) or median (IQR)

34 (56.7)
38 (63.3)
23 (38.3)
35 (58.3)
33 (55.0)

73.5 (46.0-117.2)
108.5 (65.5-155.5)
109.5 (74.0-156.8)
129.5 (76.5-178.2)
175.0 (122.0-238.8)

2 (3.3)
14 (23.3)
25 (41.7)
8(13.3)
2 (3.3)

9 (15.0)

3.0 (1.0-6.0)
5.0 (2.0-14.0)
42.0 (25.0~75.5)
23.0 (19.5-29.0)
51.5 (40.5-78.8)
58.0 (39.0-89.5)
68.0 (25.8-112.0)
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All 60 participants had complete care-pathway data, anatomic BA type, liver histopathology, and discharge
status. Denominators for selected imaging intervals are shown separately because examinations varied
between participants.

Progressive crossing of the 60-day threshold

The proportion of children who had exceeded the 60-day threshold increased progressively across
successive care stages. Fourteen children (23.3%) were older than 60 days when first brought to primary
care; 39 (65.0%) were older than 60 days at referral to a pediatrician; 47 (78.3%) were at referral to
pediatric gastroenterology-hepatology; 49 (81.7%) were at referral to pediatric surgery; and 58 (96.7%)
were at KPE (Table 2; Fig. 1b). Thus, most children entered primary care within the early window, but the
majority had exceeded it before reaching specialist and definitive surgical care.

Table 2. Age-based indicators across the referral pathway

Care stage >60 days, n (%) =60 days, n (%)
Family presentation to primary care 14 (23.3) 46 (76.7)
Primary care to pediatrician 39 (65.0) 21 (35.0)
Pediatrician to pediatric gastroenterology-hepatology 47 (78.3) 13 (21.7)
Pediatric gastroenterology-hepatology to pediatric surgery 49 (81.7) 11 (18.3)
Pediatric surgery/KPE 58 (96.7) 2 (3.3)

The age-based indicator identifies whether the child had exceeded 60 days at the corresponding contact,
referral, or procedure; it does not measure provider-specific waiting time. KPE, Kasai portoenterostomy.

Unadjusted associations with documented death

None of the stage-specific age-based indicators showed a statistically significant association with
documented death. In the unadjusted analysis, median age at KPE was higher among children with
documented death than among those discharged alive (194.0 vs 154.0 days; Hodges—Lehmann
estimate 47.0 days, 95% Cl 3.0-91.0; p=0.037) (Table 3). The death group also had higher total bilirubin
levels (14.64 vs 11.90 mg/dL; p=0.003), higher direct bilirubin levels (11.00 vs 8.77 mg/dL; p<0.001), and
lower albumin levels (2.50 vs 3.02 g/dL; p=0.037). Other prespecified ages along the pathway and liver
enzyme levels were not associated with in-hospital outcome. All prespecified continuous-variable
comparisons are presented in Table 3.

Table 3. Unadjusted continuous-variable comparisons by in-hospital outcome during the KPE admission
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Variable
Pediatrician age,
days
Subspecialist
assessment age,
days

Pediatric surgery

age, days

KPE age, days

AST, U/L

ALT, U/L

GGT, U/L
ALP U/L

Direct bilirubin,
mg/dL

Albumin, g/dL

Diagnosis age, days

Total bilirubin, mg/dL

Documented death,
median (IQR)
73.0 (47.0-144.0)

136.0 (67.0-192.0)

137.0 (81.0-195.0)
143.0 (81.0-213.0)
194.0 (163.0-
273.0)

296 (167-499)

138 (85-195)

494 (324-1025.5)
574 (425-673)
14.64 (12.40-
21.83)

11.00 (9.50-14.90)

2.50 (2.30-2.92)

Discharged alive,
median (IQR)

75.0 (46.5-102.0)

93.0 (62.5-130.0)

100.0 (63.5-
141.0)

104.0 (72.5-
143.0)

154.0 (89.0-
216.5)

326 (185.5-
531.5)

188 (116.5—
277.5)

631 (487-1006.5)

614 (409.5-
766.5)

11.90 (9.51-
14.61)

8.77 (7.46-10.02)

3.02 (2.53-3.60)

Hodges-Lehmann
estimate (95% ClI)

15.0 (-13.0 to
48.0)

30.0 (-2.0 to 75.0)
33.0 (-2.0 to 72.0)
31.0 (-3.0 to 75.0)
47.0 (3.0t0 91.0)
-23 (-135t0 106)
~40 (<99 to 14)

~119 (-305 to 98)
-32 (=175 to 105)

3.78 (1.21 t0 7.09)
2.89 (1.04 t0 4.97)

-0.37 (-0.72 to
-0.02)

p value

0.309

0.086

0.070

0.069

0.037*

0.683

0.152

0.296
0.640

0.003*

<0.001*

0.037*

Comparisons were performed using the Mann-Whitney test. Hodges—Lehmann estimates were calculated
as documented death minus discharged alive; positive estimates indicate higher values in the documented-
death group. Subspecialist assessment refers to pediatric gastroenterology-hepatology assessment. GGT
and ALP analyses each included 58 observations (31 documented deaths and 27 discharged alive), with
two missing observations per variable; all other comparisons included 60 observations. IQR, interquartile
range; Cl, confidence interval, KPE, Kasai portoenterostomy; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; GGT, gamma-glutamyl transferase; ALR alkaline phosphatase.

Unadjusted associations with liver histopathological severity category

Histopathologic severity differed according to the first pathway stage at which the 60-day threshold was
exceeded (p=0.010) and the anatomic BA type (p=0.002). Cirrhosis was present in 18 of 25 children
(72.0%) whose threshold was first exceeded at the primary-care stage and in six of eight children (75.0%)
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whose threshold was first exceeded at the pediatrician stage. Among children with type 3 BA, 27 of 38
(71.1%) had cirrhosis.

In exploratory unadjusted analyses, three successive age-based indicators were associated with
histopathologic severity (Table 4). Cirrhosis was present in 68.1% of children who had exceeded 60 days
by pediatrician-to-gastroenterology-hepatology referral compared with 23.1% of those who had not
(p=0.009); in 67.3% versus 18.2% by gastroenterology-hepatology-to-surgery referral (p=0.012); and in
60.3% versus 0% at pediatric surgery/KPE (p=0.039). Indicators at first presentation and primary-care
referral were not associated with histopathologic category. These p values were unadjusted for multiple
comparisons and should be interpreted as exploratory.

Table 4. Associations between age-based indicators and liver histopathology

Care stage Age Normal, n Fibrosis, n Cirrhosis, n P
category (%) (%) (%) value
Pediatrician to >60 days 2 (4.3) 13 (27.7) 32 (68.1) 0.009*
gastroenterology-hepatology
<60 days 1(7.7) 9 (69.2) 3(23.1)
Gastroenterology-hepatology >60 days 2(4.7) 14 (28.6) 33(67.3) 0.012*
to surgery
<60 days 1(9.1) 8 (72.7) 2(18.2)
Pediatric surgery/KPE >60 days 2(3.4) 21 (36.2) 35(60.3) 0.039*
<60 days 1 (50.0) 1 (50.0) 0 (0.0)

P values were obtained using the Fisher—Freeman-Halton exact test with Monte Carlo estimation and were
unadjusted for multiple comparisons. Percentages were calculated within each age category. Effect
estimates were not reported because sparse 2x3 cells would have produced unstable or non-estimable
category-specific estimates.

Discussion
Principal Findings

This study mapped the pathway to KPE in a tertiary referral cohort and reported a progressive increase in
the proportion of children exceeding the 60-day threshold after entry into the healthcare system.
Although more than three-quarters developed jaundice by 60 days and only 23.3% first reached primary
care after that age, 65.0% had exceeded 60 days by referral to a pediatrician and 96.7% by KPE. The
median age at KPE was 175 days, and more than half of the cohort already had cirrhosis. None of the
stage-specific age-based indicators were significantly associated with documented death; however,
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older age at KPE in the continuous analysis was associated with death. Later-stage age-based indicators
were associated with more severe histopathological categories.

Delays before tertiary care

Most children in this selected cohort first presented to primary care by 60 days of age, whereas the
threshold was most commonly first exceeded between primary-care presentation and pediatrician
assessment. Indonesian surveys have revealed incomplete knowledge among primary healthcare
providers regarding prolonged jaundice, stool color changes, conjugated bilirubin testing, and
appropriate referral timing [13, 14]. These gaps are understandable because infants with BA may initially
appear well and their jaundice may be mistaken for a benign neonatal condition [3, 18]. Nevertheless,
persistent jaundice beyond two weeks or pale stools should prompt direct or conjugated bilirubin
measurement and urgent specialist evaluation.

This finding is relevant beyond individual clinician knowledge. Referral authorization, geographic access,
appointment availability, and diagnostic testing can interact to prolong care. International studies
likewise show that socioeconomic factors, hospital characteristics, and regional healthcare variation
influence the timing of KPE [16, 21]. Consequently, education alone is unlikely to shorten the pathway
unless it is paired with an explicit time-critical referral process.

Care within specialist and surgical services

The proportion of children exceeding 60 days continued to increase after pediatric assessment: 78.3% of
the children had exceeded the threshold by referral to pediatric gastroenterology-hepatology and 81.7%
exceeded the threshold by referral to pediatric surgery. This pattern resembles the two-phase model
described by Harpavat and colleagues, in which substantial time can elapse both before specialist
referral and between specialist involvement and treatment [15]. It also contrasts with a 2024 European
multicenter survey reporting median ages of 53 days at tertiary referral and 60 days at KPE [23]. The
median age at gastroenterology-hepatology assessment in our cohort was 108.5 days, followed by a
median age of 175 days at KPE. Comparisons with international cohorts should be interpreted cautiously
because healthcare systems, referral structures, case-ascertainment methods, surgical eligibility, and
inclusion criteria differ across settings.

Interval analysis helps identify a later phase for process review. Initial ultrasonography was generally
obtained within days of specialist assessment, whereas the median interval from ultrasonography to
KPE was 42 days. Children who underwent MRCP or scintigraphy had additional intervals before surgery.
These observations do not establish that additional imaging caused the delay; atypical findings, clinical
instability, preoperative optimization, scheduling constraints, and referral logistics may all have
contributed. However, they identify the post ultrasonography diagnostic and operative phase as a priority
for further evaluation. Standardized pathways should specify which tests are essential, when equivocal
imaging should lead to operative cholangiography, and how suspected BA receives expedited surgical
scheduling [3, 17].
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In-hospital outcomes and liver injury

None of the stage-specific age-based indicators showed a statistically significant association with
documented death. In contrast, age at KPE was associated with death when analyzed as a continuous
variable. Several factors may explain this difference. Dichotomization at 60 days reduced information,
only two children underwent KPE by 60 days, and the resulting categories were highly imbalanced. The
small sample limited statistical power, and baseline disease severity and other prognostic factors may
have confounded the association with documented death during the KPE hospitalization. Previous
studies have reported better native-liver survival after earlier KPE [6—-8], although that outcome differs
from the discharge outcome assessed here. Our unadjusted analysis cannot establish an independent or
causal effect. Higher bilirubin and lower albumin among children who died suggest more advanced
cholestasis and impaired hepatic synthetic function, but our data cannot be used to determine whether
these laboratory abnormalities mediate the association between operative age and documented death.

Later-stage age-based indicators were associated with more severe liver histopathology. Cirrhosis was
substantially more common among children who had exceeded 60 days by pediatrician-to-subspecialist
and subspecialist-to-surgery referrals, and no cirrhosis was observed among the two children who
underwent KPE by 60 days. This pattern is biologically plausible given the rapid progression of
fibroinflammatory injury in BA [1, 2, 22]. Nevertheless, the sparse number of cells, small number of early-
treated children, multiple bivariable comparisons, and possibility of chance findings make the exact
associations uncertain. Histologic severity also differed by anatomic type, with type 3 disease showing
the highest proportion of cirrhosis, and baseline severity or disease type may have confounded the
observed associations. These unadjusted associations should therefore be regarded as hypothesis
generating rather than evidence of independent effects.

Public health and service implications

The results support a multilevel response. At the family and primary-care levels, stool color education
and systematic review of jaundice at 2—-4 weeks can promote early recognition [18—20]. At the
secondary and tertiary levels, suspected BA should trigger direct referral, rapid conjugated bilirubin
assessment, coordinated imaging, and early joint review by hepatology and surgery. A time-stamped
referral dashboard or single clinical pathway could make transition intervals visible and assign
responsibility for each step. Regional centralization may improve expertise, but only if referral and
operative capacity are sufficient to prevent a new bottleneck at the tertiary center [24, 25].

The added value of this study is the combination of sequential age-threshold mapping with operational
intervals between diagnostic imaging and KPE in a tertiary referral setting in Indonesia. The progressive
increase in the proportion exceeding 60 days indicates that interventions at one level alone may be
insufficient. Future quality-improvement work should measure actual intervals between the first
abnormal signs, referrals, diagnoses, and surgeries so that provider-specific waiting times and
modifiable causes can be evaluated directly.
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Strengths and limitations

This study has several strengths. We reconstructed the care pathway from first presentation to KPE and
assessed both clinical and histopathological outcomes. The data also cover five years of experience at a
major referral center and provide information on the time between diagnostic imaging and surgery, which
is not commonly reported.

These findings should be interpreted with caution. Because this was a retrospective study, the analysis
depended on the accuracy and completeness of medical records. The age-based indicators reflected
whether children had exceeded 60 days at each care stage and did not measure provider-specific waiting
times. The study was also conducted at a single referral center, where children may have had more
severe disease or longer delays than the general population of children with BA in Indonesia.

The study included only children who underwent KPE and liver biopsy and had complete pathway data.
Twenty-six of 86 identified patients did not undergo KPE and were excluded from the analytic cohort. The
reasons why these patients did not undergo KPE, as well as their characteristics and outcomes, were not
systematically characterized. Their exclusion may have introduced selection bias and limits assessment
of the complete BA care pathway. The observed associations therefore apply to a selected surgical
cohort and cannot be extrapolated to all children with BA identified at the hospital. In addition, only two
children underwent KPE by 60 days, limiting the precision of comparisons between children who
underwent KPE by 60 days and those treated later.

We did not assess jaundice clearance, cholangitis, native-liver survival, transplantation, socioeconomic
conditions, geographic distance, or the specific reasons for delays along the care pathway. The outcome
was limited to discharge status from the KPE hospitalization and therefore does not establish longer-
term survival after KPE. The analyses were not adjusted for disease type, baseline severity, or other
potential confounders, and the large number of comparisons may have produced chance findings.
Future multicenter studies should include all consecutively diagnosed patients, including those who do
not undergo KPE, and should use standardized follow-up, clearly defined postoperative outcomes, and
multivariable or survival analyses.

Conclusion

In this Indonesian tertiary referral cohort, the proportion of children exceeding 60 days increased
progressively across successive stages of the BA care pathway and was highest at KPE. Older age at
KPE was associated with documented death, whereas later-stage age-based indicators were associated
with more severe liver histopathology. These unadjusted associations should be interpreted in light of
the retrospective design, selected cohort, sparse categories, multiple comparisons, and lack of
multivariable adjustment. These findings identify referral, diagnostic, and operative transitions as
priorities for further process evaluation. Larger prospective multicenter studies are required to estimate
independent associations and identify modifiable causes of delay.

Page 14/18



Abbreviations

BA

biliary atresia

Cl

confidence interval

CMV

cytomegalovirus

IQR

interquartile range

KPE

Kasai portoenterostomy

MRCP

magnetic resonance cholangiopancreatography
SPSS

Statistical Package for the Social Sciences
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