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ABSTRACT

No systematic review to date has examined histopathological parameters in relation to 
native liver survival in children who undergo the Kasai operation for biliary atresia (BA). 
A systematic review and meta-analysis is presented, comparing the frequency of native 
liver survival in peri-operative severe vs. non-severe liver fibrosis cases, in addition to other 
reported histopathology parameters. Records were sourced from MEDLINE, Embase, 
and CENTRAL databases. Studies followed the PRISMA (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses) guidelines and compared native liver survival 
frequencies in pediatric patients with evidence of severe vs. non-severe liver fibrosis, bile 
duct proliferation, cholestasis, lobular inflammation, portal inflammation, and giant cell 
transformation on peri-operative biopsies. The primary outcome was the frequency of 
native liver survival. A random effects meta-analysis was used. Twenty-eight observational 
studies were included, 1,171 pediatric patients with BA of whom 631 survived with their 
native liver. Lower odds of native liver survival in the severe liver fibrosis vs. non-severe 
liver fibrosis groups were reported (odds ratio [OR], 0.16; 95% confidence interval [CI], 
0.08–0.33; I2=46%). No difference in the odds of native liver survival in the severe bile 
duct destruction vs. non-severe bile duct destruction groups were reported (OR, 0.17; 
95% CI, 0.00–63.63; I2=96%). Lower odds of native liver survival were documented in the 
severe cholestasis vs. non-severe cholestasis (OR, 0.10; 95% CI, 0.01–0.73; I2=80%) and 
severe lobular inflammation vs. non-severe lobular inflammation groups (OR, 0.02; 95% 
CI, 0.00–0.62; I2=69%). There was no difference in the odds of native liver survival in the 
severe portal inflammation vs. non-severe portal inflammation groups (OR, 0.03; 95% CI, 
0.00–3.22; I2=86%) or between the severe giant cell transformation vs. non-severe giant cell 
transformation groups (OR, 0.15; 95% CI, 0.00–175.21; I2=94%). The meta-analysis loosely 
suggests that the presence of severe liver fibrosis, cholestasis, and lobular inflammation are 
associated with lower odds of native liver survival in pediatric patients after Kasai.
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INTRODUCTION

Biliary atresia (BA) is an idiopathic neonatal obstructive cholangiopathy, characterized by a 
progressive, fibrosclerosing obliteration of large bile ducts, usually manifesting in the first 
months of life [1,2]. The incidence of BA is approximately 1:20,000 newborns vs. 1:8,000 in 
European vs. Asian countries, respectively [3,4].

Presently, the standard of care is surgical management with initial hepatic portoenterostomy 
(i.e., Kasai operation), and liver transplantation, in pediatric cases with end-stage liver 
disease [5]. Moreover, early diagnosis leading to earlier age at Kasai can significantly improve 
immediate and long-term outcomes, such as jaundice clearance rates, native liver survival 
(NLSR), and mortality [6-9]. In contrast, delaying Kasai can increase the odds of needing a 
liver transplant (Ltx) [10,11].

Histopathological parameters obtained during pre or peri-operative liver biopsy, including 
degree of liver fibrosis, can predict patients at risk for early failure of Kasai (i.e., the need for Ltx 
before one year of age or BA-related death) [12]. Moreover, bile duct proliferation, giant cells, 
and fibrosis have shown significant changes in fibrosis progression in BA over time [13].

Current systematic reviews (SR) of pediatric patients with BA examine the accuracy of 
biomarkers in early BA diagnosis. Specifically, interleukin (IL)-33 has shown good evidence in 
distinguishing BA from healthy controls, serum IL-18 for prognosis of post-Kasai persistent 
jaundice, and serum hyaluronic acid and serum matrix metallopeptidase-7 (MMP-7) for 
prognosis of post-Kasai significant liver fibrosis [14,15]. Further, radiological parameters 
such as triangular cord sign, abnormal morphologic gallbladder characteristics, and the 
presence of hepatic subcapsular flow have all shown to be strong diagnostic indicators of BA 
[16]. Hinojosa-Gonzalez et al. [17] determined that laparoscopic portoenterostomy decreased 
operative time and time to normal diet vs. open portoenterostomy. However, no differences 
were observed in mean length of stay, complications, postoperative cholangitis, or NLSR 
between the two surgical approaches.

Despite these SRs, data from published literature originate from single-centers with 
reduced sample size [18,19] or based on long-term results from multiple institutions, before 
pediatric liver transplantation became regularly available [20-22]. Further, no SR to date has 
examined histopathological parameters, such as degree of liver fibrosis, in relation to NLSR 
in children who undergo Kasai for BA. Therefore, the objective of this review is to examine 
if histopathology parameters on pre-operative liver biopsies can predict NLSR in pediatric 
patients who undergo the Kasai procedure. Specifically, if the presence of severe vs. non-
severe liver fibrosis can predict NLSR.

MATERIALS AND METHODS

This review followed the Cochrane Methodology to identify and select the studies [23] and 
the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) to guide 
the reporting of this SR [24].
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Search strategy and selection criteria
The following databases were searched: MEDLINE including Epub Ahead of Print, In-
Process & Other Non-Indexed Citations (1946-May 31, 2021) and Embase (1947 to May 
30, 2021) and the CENTRAL Trials Registry of the Cochrane Collaboration (April 2021 
Issue) using the Ovid interface. Searches were limited to English or French. Searches were 
developed and conducted by a librarian and research coordinator experienced in SR, using 
a method designed to optimize term selection [25]. Search strategies are presented in 
the Supplementary Table 1. The study protocol has been registered in PROSPERO (CRD 
42021281066). All duplicate records were removed online, records retrieved by the electronic 
search were downloaded and imported into Mendeley-a citation database, and then uploaded 
to a SR software InsightScope (www.InsightScope.com) for title and abstract screening 
and full text review. Five reviewers (AJ, IO, NI, YN, AW) screened at title/abstract level and 
full text review stages, citations were excluded if at least two reviewers agreed to exclude; 
disagreements were reviewed and resolved by the study leads, where necessary (DED & JDN). 
The study co-lead (IO) reviewed all eligible citations to confirm eligibility.

Inclusion criteria
Cohort and case control studies examining liver histopathology in pediatric patients aged less 
than 18 years diagnosed with BA, and reported NLSR, were included.

Exclusion criteria
Studies were excluded if they did not capture frequencies of NLSR, histopathology 
parameters characterized into severe vs. non-severe types, study population (i.e., adults only) 
or absence of the Kasai surgical intervention. Case studies, literature reviews, SR, editorials, 
letters to the editor, conference abstracts, and commentaries were excluded in addition to 
studies not written in English or French.

Data extraction and outcomes
Four authors (AJ, IO, NI, AW) extracted patient frequencies using a pre-designed and piloted 
data abstraction sheet in Excel version 14·7·7 (Microsoft, Redmond, WA, USA). The extracted 
information included: author details; fibrosis instrument applied; frequency of NLSR in severe 
vs. non-severe liver fibrosis groups; frequency of total patients who underwent Kasai operation; 
follow-up length; and presence of histopathology parameters of interest (defined below).

Our primary clinical outcome, NLSR, was calculated using actuarial survival calculations 
(like Kaplan–Meir survival curves) using two end-points (death or transplantation). 
Consequently, we extracted the actuarial survival rate at the designated follow-up period 
(2-, 5-, 10- or 20-years) [26]. For studies that did not explicitly state NLSR, we extracted data 
based on how the authors defined “favourable outcome” or “success of operation.” Hence, we 
extracted the frequency of patients with normal living function without cholangitis or portal 
hypertension [27], patients with good quality of life without jaundice relapsing [28], normal 
lab parameters and no evidence of medical chronic liver disease [29], absence of cirrhosis 
[30,31] or serum total bilirubin <2 mg/dL at follow-up post-Kasai operation [32-36].

The primary exposure variable, fibrosis severity, was usually reported on a semi-quantitative 
scoring scale. For example, 0 -no fibrosis; 1 - mild portal fibrosis with no septa; 2 - porto-
septal (rare fibrous septa) and non-bridging fibrosis; 3 - bridging fibrosis with many 
fibrous septa; and 4 - cirrhosis [26,37]. Liver fibrosis could be assessed via the Ohkuma’s 
classification from grades I to IV [38], Metavir system where F1–F3 implied non-severe 
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fibrosis, and F4 as severe fibrosis (cirrhosis), or the Ishak score where non-severe indicated 
F1 to F5 while severe was F6 [32].

In order to differentiate “severe” from “non-severe” liver fibrosis, we collapsed the 0–3 
categories and labelled them as “non-severe” while any value exceeding 3 was deemed 
“severe.” The method for collapsing differed based on the definition for severe fibrosis in the 
included studies (e.g., grade IV represented severe, using Ohkuma’s classification).

We followed a similar method for organizing all other histopathological features, where 
0 indicated absence of that feature and 1–3 as increasing intensity [26,39]. Bile duct 
proliferation/destruction was defined as: (1) mild, 5–9 bile ducts per portal tract; (2) 
moderate, ≥10 bile ducts per portal tract; and (3) severe, ≥10 bile ducts per portal tract 
and the ducts are elongated attenuated and angulated [30,33,40]. Cholestasis was defined 
as: (1) absent; (2) mild, accumulation of bile in centrilobular hepatocytes; (3) moderate, 
accumulation of bile in centrilobular and periportal hepatocytes or even in portal tracts; and 
(4) severe, presence of bile infarcts. Portal inflammation was defined as: (1) mild, cells are 
present in <1/3 portal tracts; (2) moderate, cells are present in >1/3–2/3 portal tracts; and (3) 
severe, dense packing of cells present in >2/3 portal tracts. Giant cell transformation was 
grouped into positive vs. negative categories [30,33,40].

Overall, the majority of histopathological parameters were assessed on liver biopsy, 
ultrasound or magnetic resonance imaging. The diagnosis of BA could have been proven by 
abdominal ultrasound, hepatobiliary iminodiacetic acid scan, liver biopsy, and intraoperative 
cholangiogram [41]. See the Supplementary Table 1 for additional information regarding 
histopathological measurements.

Assessment of risk of bias within studies
AJ and IO independently assessed risk of bias (ROB) using the Ottawa–Newcastle Scale to 
evaluate the quality of nonrandomized studies in meta-analyses [42,43]. Three factors were 
considered to score the quality of included studies: (1) selection, including representativeness 
of the exposed cohort, selection of the non-exposed cohort, ascertainment of exposure, 
and demonstration that at the start of the study the outcome of interest was not present; 
(2) comparability, assessed on the basis of study design and analysis, and whether any 
confounding variables were adjusted for; and (3) outcome, based on the follow-up period 
and cohort retention, and ascertained by independent blind assessment, record linkage, or 
self-report. We rated the quality of the studies (good, fair, and poor) by awarding stars in 
each domain following the guidelines of the Ottawa–Newcastle Scale. A “good” quality score 
required 3 or 4 stars in selection, 1 or 2 stars in comparability, and 2 or 3 stars in outcomes. 
A “fair” quality score required 2 stars in selection, 1 or 2 stars in comparability, and 2 or 3 
stars in outcomes. A “poor” quality score reflected 0 or 1 star(s) in selection, or 0 stars in 
comparability, or 0 or 1 star(s) in outcomes.

Statistical analysis
All statistical analysis were performed using Review Manager 5 (RevMan 5.3) [44]. Categorical 
variables were expressed as numbers and percentages. Data was meta-analyzed using a random 
effects model in RevMan 5.3 software. Pooled odds ratios (OR) were generated using Mantel–
Haenszel test, using a random effects model. Statistical heterogeneity was determined using I2 
tests. I2 is the proportion of total variation observed between studies attributable to differences 
between studies rather than sampling errors. We considered high heterogeneity if I2>75%.
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RESULTS

Study selection
The initial search yielded 905 studies of which 28 met the inclusion criteria and were included 
after full-text review. Thirteen of these studies were used in the meta-analysis (Fig. 1).

Study characteristics and individual results
Characteristics of the 28 studies with 1,171 pediatric patients who had BA and underwent 
Kasai operation are located in Table 1. Briefly, there were 25 cohort [26-34,36,37,39-41,45-55] 
and 3 case control studies [35,56,57]. Six hundred and thirty-one patients survived with their 
native liver, while 573 required Ltx and 99 reportedly died after Kasai during follow-up. The 
majority of studies were conducted in the United States of America or Japan. Median age at 
Kasai was 75 days. Median follow-up for the NLSR group was 7.8 years vs. 5.6 years for the 
Ltx group. Documented histopathological parameters included: severe liver fibrosis (28.6% 
[164/573] in Ltx vs. 7.4% [47/631] NLSR patients), giant cells (18.5% [106/573] Ltx vs. 11.3% 
[71/631] NLSR), lobular inflammation (4.9% [28/573] vs. 4.0% [25/631]), focal necrosis 
(2.4% [14/573] vs. 2.7% [17/631]), bridge necrosis (2.4% [14/573] vs. 2.7% [17/631]), bile duct 
destruction or proliferation in 15.7% (90/573) Ltx vs. 13.2% (83/631) NLSR patients, portal 
inflammation in 40.1% (230/573) Ltx vs. 13.8% (87/631) NLSR patients, and cholestasis in LTx 
vs. NLSR patients (52.5% [301/573] vs. 21.0% [131/631]), respectively. The Metavir fibrosis 
staging system was the most common tool used to assess liver fibrosis severity (Table 1).
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Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram for included studies. 
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Table 1. Study characteristics

Author, year Country Total 
patients*

Age at 
Kasai (d)†

Severe 
liver 

fibrosis

Non-
severe‡

Liver 
fibrosis§

Giant 
cells

Lobular 
inflammation

Focal 
necrosis

Bridge 
necrosis

Bile 
ducts∥

Portal 
inflamma-

tion

Cholesta-
sis¶

Follow-
up**

Cohort studies (retrospective or prospective)
Davenport et 
al., 2004 [26]

UK 26 133 ††

NLSR 4 4 7 8 8 8 9
Ltx 7 7 15 14 14 14 1

Lang et al., 
2000 [41]

Germany 36

NLSR 50.4 1 4 1 15 15
Ltx 67.9 4 15 4 21 21

Azarow et al., 
1997 [39]

Canada 31 65.8 31

NLSR 61.6 17 17 17 17 17
Ltx 70.7 14 14 14 14 14 1

Meyers et al., 
2003 [45]

USA 28 112 25 3.8

NLSR (steroid 
vs. standard)

5 3 1 vs. 7

Ltx (steroid 
vs. standard)

2 vs. 4 1 vs. 2 2 vs. 9

Oh et al., 1995 
[46]

USA 59 60.2 59

NLSR 5
Ltx 5

Okazaki et al., 
1999 [27]

Japan 34 22

NLSR 79.5 1 5 0 0
Ltx 62 1 15 17 22 10

Serinet et al., 
2006 [47]

France 255 21

NLSR 7
Ltx 17 4

Shteyer et al., 
2006 [48]

USA 33 22

NLSR 47 3 4 10
Ltx 59 12 3 10

Uchida et al., 
2004 [28]

Japan 30

NLSR 63 5 15 30 0 23
Ltx 68 4 6 23

Volpert et al., 
2001 [49]

USA 9 7

NLSR
Ltx 20.8 3 3 7 1 15

Apostu et al., 
2021 [50]

Romania 14 70 14

NLSR 4 6
Ltx 6

Caruso et al., 
2020 [29]

Italy 24

NLSR  
(US vs. MRI)

3 vs. 2 0 0 9.7

Ltx  
(US vs. MRI)

1 vs. 3 8 5 7.7

Ferreira et al., 
2019 [32]

Brazil 117 Metavir: 87
Ishak: 91

NLSR (Metavir 
vs. Ishak)

8 vs. 8 26 vs. 26 20 25

Ltx (Metavir 
vs. Ishak)

12 vs. 8 61 vs. 65 33 49

(continued to the next page)
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Author, year Country Total 
patients*

Age at 
Kasai (d)†

Severe 
liver 

fibrosis

Non-
severe‡

Liver 
fibrosis§

Giant 
cells

Lobular 
inflammation

Focal 
necrosis

Bridge 
necrosis

Bile 
ducts∥

Portal 
inflamma-

tion

Cholesta-
sis¶

Follow-
up**

Gunadi et al., 
2020 [30]

Indonesia 50 102.5

NLSR 18 18 18 18
Ltx 32 32 32 32

Hukkinen et al., 
2019 [31]

Finland 41

NLSR 54 0 16 36 5 5.2
Ltx 61 4 16 10 5.2

Jaramillo et al., 
2020 [51]

USA 21

NLSR 64 3 4 15 3 4 8.5
Ltx 67 2 9 12 12 8.5

Lemoine et al., 
2020 [52]

USA 6 75 4

NLSR
Ltx 1 1 3 6

Nguyen et al., 
2021 [33]

Vietnam 85 17.8

NLSR 81.3 8 31 85 39 39 39 19.4
Ltx 79.9 10 36 46 46

Patel et al., 
2020 [53]

USA 14 11

NLSR
Ltx 2 3 14 1

Ramachandran 
et al., 2019 [34]

India 30 83 30

NLSR 78 2 11 8
Ltx 91 6 11 8

Santo et al., 
2021 [40]

Japan 63 62 63

NLSR (left vs. 
right biopsy)
Ltx (left vs. 
right biopsy)

58 vs. 43 5 vs. 20 63 vs. 63 63 vs. 63

Suda et al., 2019 
[54]

Japan 34 66.6

NLSR 8.6
Ltx 10.3

Ueno et al., 2021 
[55]

Japan 35 35

NLSR 13 22
Ltx

Wu et al., 2018 
[36]

Taiwan 15 50.5 15

NLSR 0.5
Ltx 0.5

Zhou et al., 2021 
[37]

China 11 73 10

NLSR 3 8 2
Ltx
Case-control studies

Kobayashi et al., 
2005 [56]

Japan 22 57.3 12.4

Table 1. (Continued) Study characteristics

(continued to the next page)
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Risk of bias across studies
A detailed quality appraisal of case-control and cohort studies is summarized in Table 2. After 
formally assessing ROB for all studies based on limitations in their study design, we rated 
22 studies as “poor”, 5 studies as “fair”, and 1 study as “good”. All studies consulted secure 
records and/or liver histology for ascertainment of histopathological parameters and BA, and 
participants were truly or somewhat representative of the average pediatric patient with BA. 
Apart from 11 studies that were based on a selected group of users limited to a small sample 
size, patients were identified via electronic health records or referred to as a consecutive 
sample later subdivided into ideal vs. non-ideal outcomes [28,29,32,35-37,39,40,51,54,57]. 
Fourteen studies described pathologists being independently blinded to NLSR status [29,31-
36,39,40,48,49,51,54,57]. Length of follow-up was 12 months for capturing survival outcomes 
in 17 studies [26-29,31,34-37,46-48,50,51,54,56,57]. The studies were mainly scored as ‘poor’ 
because they did not describe adjusting for confounders in a regression model, such as age 
at Kasai operation, anatomical pattern, polysplenia syndrome, level of centre experience, 
sex, albumin, total or direct bilirubin, alanine aminotransferase, aspartate aminotransferase, 
alkaline phosphatase, gamma-glutamyl transferase, and/or degree of liver failure.

Primary analysis outcome
There were lower odds of NLSR in the severe liver fibrosis vs. non-severe liver fibrosis groups 
(OR, 0.16; 95% confidence interval [CI], 0.08–0.33; I2=46%) (Fig. 2).

Secondary analysis outcomes
There was no difference in the odds of NLSR in the severe bile duct destruction vs. non-severe 
bile duct destruction groups (OR, 0.17; 95% CI, 0.00–63.63; I2=96%) (Fig. 3). In contrast, 
lower odds of NLSR were documented in the severe cholestasis vs. non-severe cholestasis 
(OR, 0.10; 95% CI, 0.01–0.73; I2=80%) (Fig. 4) as well as severe lobular inflammation vs. 
non-severe lobular inflammation groups (OR, 0.02; 95% CI, 0.00–0.62; I2=69%) (Fig. 5). 
There was no difference in the odds of NLSR in the severe portal inflammation vs. non-severe 
portal inflammation groups (OR, 0.03; 95% CI, 0.00–3.22; I2=86%) (Fig. 6) or between the 
severe giant cell transformation vs. non-severe giant cell transformation groups (OR, 0.15; 
95% CI, 0.00–175.21; I2=94%) (Fig. 7).
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Table 1. (Continued) Study characteristics

Author, year Country Total 
patients*

Age at 
Kasai (d)†

Severe 
liver 

fibrosis

Non-
severe‡

Liver 
fibrosis§

Giant 
cells

Lobular 
inflammation

Focal 
necrosis

Bridge 
necrosis

Bile 
ducts∥

Portal 
inflamma-

tion

Cholesta-
sis¶

Follow-
up**

Kerola et al., 
2019 [57]

Finland 28 61 24

NLSR 15 15 15 3
Ltx 9 9 9 3

Udomsinprasert 
et al., 2020 [35]

Thailand 20 91.1 20

NLSR 8.5
Ltx 8.5
NLSR: native liver survival, Ltx: liver transplant, US: ultrasound, MRI: magnetic resonance imaging, UK: United Kingdom, USA: United States of America.
*Total pediatric patients with biliary atresia who underwent Kasai/hepatoportoenterostomy operation.
†Provided as mean or median age at Kasai operation.
‡Pediatric patients with non-severe liver fibrosis at peri-operative biopsy.
§Presence of liver fibrosis in total sample (not defined into severe or non-severe).
∥Bile duct destruction.
¶Cholestasis or cholangitis.
**Follow-up in years.
††Empty cells indicate no data for that parameter.
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DISCUSSION

The aim of this SR was to identify if certain histopathological parameters could predict NLSR 
in pediatric patients with BA who underwent the Kasai/hepatoportoenterostomy operation. 
Our meta-analysis findings loosely suggest that the presence of severe liver fibrosis, 
cholestasis, and lobular inflammation are associated with lower odds of NLSR after Kasai. 
However, caution should be exercised due to considerable levels of heterogeneity and wide or 
imprecise confidence intervals.

No similar SR within the past five years has incorporated the severity of liver fibrosis, 
cholestasis, and lobular inflammation as predictors of NLSR. We do know that preoperative 
biopsies are highly specific and sensitive in diagnosing BA before operation [58], but a meta-
analysis into particular peri-operative histopathological parameters for comparison is lacking.

Despite this, fibrosis is a crucial factor predicting NLSR outcomes [59-61], and a successful 
Kasai operation can slow down the progression of fibrosis and inflammation [62,63]. 
Moreover, cirrhosis imaging findings, including diminished portal flow, as well as advanced 
fibrosis, increased liver expression of collagen, and smooth muscle actin, are correlated 
with decreased NLSR [64,65]. Results are conflicting with respect to severe fibrosis and 
postoperative outcomes. Certain large, cohort studies suggest that fibrosis stage, and Ishak 
scores, are not related to postoperative outcome and fewer patients present with advanced 
fibrosis [60,62,66-68], while others support a correlation between fibrosis degree and 
absence of bridging fibrosis, in relation to jaundice free NLSR [59,69].

Severe cholestasis was associated with poor NLSR in our review, characterized by the 
progression of fibrosis and irregular expansion of intrahepatic bile ducts [65]. Presently, a 
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specific marker of cholangiocyte, known as cytokeratin-7, is involved in the ductular reaction 
at Kasai and has predicted NLSR, as well as accelerates fibrosis after operation [62,66,70]. 
Though we did not measure this parameter in our study, upregulated liver MMP-7 expression 
presents in cholangiocytes, and is a marker for bile duct injury and reactions [71]. MMP-7 
does indicate cholangiopathy and decreased NLSR six months after Kasai; however, there is 
no association with liver survival at Kasai [72].

Lastly, our review found no impact of portal inflammation, but an adverse effect of severe 
lobular inflammation, on NLSR. In contrast, Hukkinen et al. [62,65] determined that high 
grade histological portal tract inflammation at Kasai is correlated with improved NLSR. In 
fact, active inflammation may indicate early and adaptable liver disease stage [65]. Currently, 
the association between inflammatory markers (like lobular inflammation) and NLSR is 
poorly understood [73]. Present knowledge suggests that an altered immune response and 
inflammatory cytokines precipitate bile duct injury in BA [65]. Specifically, IL-8 leads to 
bile duct injury, and decreased NLSR is associated with elevated circulating IL-8 levels at 
two months post Kasai [73]. Contrastingly, IL-12p40 or IL-12B, activate natural killer cells 
in proinflammatory cytokine IL-12p70, and this process is hypothesized to predict NLSR at 
Kasai [74,75].

This review is not without limitations. The levels of heterogeneity were quite high across 
all meta-analyses; as such, results should be interpreted with caution. We decided not to 
pursue a subgroup analysis to investigate sources of heterogeneity (instrument type, age at 
Kasai, length of follow-up). According to the Cochrane Handbook for Systematic Reviews, 
investigations of heterogeneity when there are very few studies are not worth pursuing due to 
questionable value [76]. In light of previous literature [77-79], we initially wanted to explore 
the efficacy of treatment-related factors such as steroids in improving NLSR outcome, 
including among cholestasis cases, yet insufficient numbers of studies provided this 
information. Moreover, pre-cirrhotic liver fibrosis has not been well correlated with NLSR. 
Possible reasons include sampling error and various quantitative tools of liver fibrosis. Thus, 
comparing our findings to previous literature proves difficult, since there is no universally 
implemented histological grading system for changes in the liver of BA patients [65]. 
Lastly, biomarkers of fibrosis, inflammation, and cholestasis are inconsistent and not well 
reproduced in multiple patient cohorts. Hence, findings have been contradictory [65,80].

Overall, our review determined that severe fibrosis, cholestasis, and lobular inflammation 
are all associated with reduced NLSR in pediatric patients with BA after Kasai operation. 
Consistency in definitions for histopathology are needed for reproducibility by pathologists 
in the future. While also considering the patient’s age, pathologists can communicate 
histopathological findings to surgeons who are deciding the optimal time for Kasai 
intervention.
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