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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; P=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; P=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; 2=80%) and
severe lobular inflammation vs. non-severe lobular inflammation groups (OR, 0.02; 95%
CI, 0.00-0.62; P=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; P=86%) or between the severe giant cell transformation vs. non-severe giant cell
transformation groups (OR, 0.15; 95% CI, 0.00-175.21; ’=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.

Keywords: Native liver; Pathology; Liver fibrosis; Biliary atresia; Pediatric patients;
Liver transplantation; Cholestasis; Inflammation
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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
amethod 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 (I0) 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 [32-306].

The primary exposure variable, fibrosis severity, was usually reported on a semi-quantitative
scoring scale. For example, O -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 O or 1 star(s) in selection, or O stars in
comparability, or O 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 P
tests. P is the proportion of total variation observed between studies attributable to differences
between studies rather than sampling errors. We considered high heterogeneity if 7>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).

Identification of studies via databases and registers

5 Records removed before screening:
= : o - Duplicate records removed (n=562)
(0] *.
£ Records |dent|f|e_d from™. » - Records marked as ineligible by
= databases (n=905) ) -
5 automation tools (n=0)
° - Records removed for other reasons (n=0)
A 4
Records screened x
(n=343) » Records excluded** (n=253)
Reports sought for retrieval R . _
.E (n=90) » Reports nor retrieved (n=15)
=
2 '
@ Reports assessed for eligibility _|Reports excluded (n=47):
(n=75) ”| - No outcomes of interest (n=33)
- Ineligible study population (adults) (n=1)
- Inappropriate study design (n=5)
- Unable to locate via library searches (n=4)
- Histopathology not grouped into native
liver survival (n=4)
_8 v
= Studies included in review
5 (n=28)
=

Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram for included studies.
*Consider, if feasible to do so, reporting the number of records identified from each database or register searched
(rather than the total number across all databases/registers).

**If automation tools were used, indicate how many records were excluded by a human and how many were
excluded by automation tools.
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Table 1. Study characteristics

Total  Ageat ngere Non- Liver  Giant  Lobular Focal  Bridge Bile . i Cholesta- Follow-
s i (d)t llver' * fibrosis® cells inflammation necrosis necrosis  ducts! |nﬂa.mma- sisf up™
patients” Kasai (d) fibrosis S€Vere tion p
Cohort studies (retrospective or prospective)
Davenport et UK 26 133 i
al., 2004 [26]
NLSR 4 4 7 8 8 8 9
Ltx 7 7 15 14 14 14 1
Langetal., Germany 36
2000 [41]
NLSR 50.4 1 4 1 15 15
Ltx 67.9 4 15 4 21 21
Azarow et al., Canada 31 65.8 31
1997 [39]
NLSR 61.6 17 17 17 17 17
Ltx 70.7 14 14 14 14 14
Meyers et al., USA 28 n2 25 3.8
2003 [45]
NLSR (steroid 5 3 1vs. 7
vs. standard)
Ltx (steroid 2vs. 4 1vs.2  2vs.9
vs. standard)
Ohetal., 1995 USA 59 60.2 59
[46]
NLSR 5)
Ltx 5}
Okazaki et al., Japan 34 22
1999 [27]
NLSR 79.5 1 5 0 0
Ltx 62 1 15 17 22 10
Serinet et al., France 255 21
2006 [47]
NLSR 7
Ltx 17 4
Shteyer et al., USA 33 29
2006 [48]
NLSR 47 3 4 10
Ltx 59 12 3 10
Uchida et al., Japan 30
2004 [28]
NLSR 63 5 15 30 0 23
Ltx 68 4 6 23
Volpert et al., USA 9 7
2001 [49]
NLSR
Ltx 20.8 3 3 7 1 15
Apostuetal., Romania 14 70 14
2021 [50]
NLSR 4 6
Ltx 6
Caruso etal., Italy 24
2020 [29]
NLSR 3vs. 2 0 0 9.7
(US vs. MRI)
Ltx Tvs.3 8 5 7.7
(US vs. MRI)
Ferreira et al., Brazil 17 Metavir: 87
2019 [32] Ishak: 91
NLSR (Metavir 8vs.8 26Vs. 26 20 25
vs. Ishak)
Ltx (Metavir 12vs. 8 61vs. 65 33 49
vs. Ishak)

(continued to the next page)
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Table 1. (Continued) Study characteristics

Total  Ageat Seyere Non- Liver ~ Giant  Lobular Focal  Bridge Bile . eliz Cholesta- Follow-
Author, year ~ Country S . liver . . . . : inflamma- . ok
patients” Kasai (d)" severet fibrosisS cells inflammation necrosis necrosis ducts! . sis' up
fibrosis tion
Gunadietal., Indonesia 50 102.5
2020 [30]
NLSR 18 18 18 18
Ltx 32 32 32 32
Hukkinen etal., Finland 4
2019 [31]
NLSR 54 0 16 36 5 5.2
Ltx 61 4 16 10 5.2
Jaramillo et al., USA 21
2020 [51]
NLSR 64 3 4 15 3 4 8.5
Ltx 67 2 9 12 12 8.5
Lemoine et al., USA 6 75 4
2020 [52]
NLSR
Ltx 1 1 3 6
Nguyenetal., Vietham 85 17.8
2021 [33]
NLSR 81.3 8 31 85 39 39 39 19.4
Ltx 79.9 10 36 46 46
Patel et al., USA 14 n
2020 [53]
NLSR
Ltx 2 3 14 1
Ramachandran  India 30 83 30
etal., 2019 [34]
NLSR 78 2 n 8
Ltx 91 6 n 8
Santo etal., Japan 63 62 63
2021 [40]
NLSR (left vs.
right biopsy)
Ltx (left vs. 58vs. 43 5vs. 20 63vs. 63 63vs. 63
right biopsy)
Sudaetal., 2019 Japan 34 66.6
[54]
NLSR 8.6
Ltx 10.3
Ueno etal., 2021 Japan 35 35
[55]
NLSR 13 22
Ltx
Wuetal., 2018  Taiwan 15 50.5 15
(36]
NLSR 0.5
Ltx 0.5
Zhou et al., 2021 China m 73 10
[37]
NLSR 3 8 2
Ltx
Case-control studies
Kobayashi et al., Japan 29 57.3 12.4
2005 [56]

(continued to the next page)
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Table 1. (Continued) Study characteristics

Total  Ageat Seyere Non- Liver  Giant  Lobular Focal  Bridge Bile . el Cholesta- Follow-
Author, year ~ Country ST C oy liver " " . . . : ; inflamma- g o
patients” Kasai (d) severet fibrosis® cells inflammation necrosis necrosis ducts . Sis up
fibrosis tion
Kerola et al., Finland 28 61 24
2019 [57]
NLSR 15 15 15 3
Ltx 9 9 9 3
Udomsinprasert Thailand 20 9.1 20
etal., 2020 [35]
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.

TProvided as mean or median age at Kasai operation.

*Pediatric patients with non-severe liver fibrosis at peri-operative biopsy.

SPresence of liver fibrosis in total sample (not defined into severe or non-severe).

IBile duct destruction.

fcholestasis or cholangitis.

**Follow-up in years.

TTEmpty cells indicate no data for that parameter.

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; ’=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; P=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; ’=80%) (Fig. 4) as well as severe lobular inflammation vs.
non-severe lobular inflammation groups (OR, 0.02; 95% CI, 0.00-0.62; ’=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; P=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; ’=94%) (Fig. 7).

https://pghn.org https://doi.org/10.5223/pghn.2022.25.5.353 360


https://pghn.org

Pediatric Gastroenterology,
Hepatology & Nutrition

pghn

ia

Atres

iary

ts with Bil

ien

Pediatric Pati

isin

Liver Fibros

(93ed 18U 83 01 panuUOD)

(dn-mo)04 03 S50] %03
sjuasaidal 65 Jo gl) A1adins
40 sJeak g uiym dn-moy)oy

x sJeak

G ey s59) 10 (%5 6t)
sjuaned 6g pue ‘sieak
01 404 (%0°g) suaned

013s0jsamsjused gL g ‘sieakaiow 40 G 1oy x A3010351Yy x eisaie Aeniq
3s019s0y3  dn-moj)jo4 pey (%8'8g) JBAN) 10 poyod pasodxa yum juaiyed ouieipad aSesane
40 uondLIdSaP OU PUE %56 sjuaned usajuanas  uondiosap Juawisnfpe /pue piodal -UOU 3Y3 JO UOIBALISP a3 Jo aniFeIuasaIdal yeymawos [ov]
Jood uey) Sso) 3.l dN-Mm0jjo4  "SYIUOW gL ISED) I8 ‘SOA ON X SOA aIndes a3 jo uonduosap oN Jo Ainny asem syuedionied  S66L 1B 19 YO
(o%oL) x 3010381y x eIsaiye Areniq
dnoJ3 piosas ul dn-mojjoy JaAI] IO 10Y02 pasodxe yum juaired oujeipad aSeiane
01350) syuaned g1/1 %56 uonduosap uawisnipe /pue piodal -UoU 8y} JO UOIBALIBP a3 Jo anieIUBsaIdal Jeymawos [sv] €003
J1ood uey} s8] 93eJ dN-MOJ)04 X SYIUOWI gL ISE) 3B ‘SBp ON |eansiyels Jo uondLosap oN X SOA 2Indas a3 jo uondudsap oN Jo Ainny asem syuedioied e 39 1okl
X $]043U0D SE pasn
a1am ao1punef paguojoid
X (spd pL ‘skoq Y3m sjusized omy pue
310 ‘sseak ' 5¥ gL 150 1eYO0P3I0YD YIM
a8e ueaw) syuaned sjuaired Jnoy wouy
v aAneladoisod x 3010351y saisdolq Joni) a3pam
dn-mojjo) wie-3uo) JaA)] 10 Tew.ou Ajjeai3ojoisiy yum jusized oLyelpad adelane
spoyo2 jo dn 56 payisse)d op - uonduosap Juawisnipe /pue piodal XIS "82IN0S JUBJIaYIP a3 Jo anieIuasaldal yeymawos [9s] s003
1004 -MO])0§INOCE JUSWBILIS ON  "SUIUOW gL ISBD] JB “SOA ON |eansizes Jo uondLosap oN X SOA 2Indas B WOJy umelq 10 Anuy asem syuedioiuied e 38 Iyseheqoy
x A3010351Yy pamainal aJam Jendsoy Jno e
X JUSWISSASSE JaNI) Jo poyod pasodxa Joy Awolsosausopiod
spoyod jo dn puiqg Juawisnipe /pue piodai -UoU 33 JO UOIFeALIBP JuamJapun oym suafred (€ Jo [6€] L66L
J00d  -MO])0§ INOCE JUSWSIEIS ON ON Juapuadapul Jeansiyels jo uondLosap oN X SOA 2Indas ay1Jo uoiduIdsap ON  Sueyd ayL 'ssasn jo dnog pajosjes  “|e 18 molezy
X lese) Aq paqliosap se uoadins
awes ay3 Aq pawiopad 3dH
JuamIapun syuaized v ‘papnjoul
249M 9661 PUE 6861 USBMIB]
pasouselp ‘eisaire Areniq yum
x 3010381y URIP]IYD SAIINJBSUOD OE “BlSaile
J3AI] 4O 10y0d pasodxa Areniq ynm juaired ouyeipad
spoyod jo dn uonduosap Juawisnipe /pue piodai -UOU 33 JO UOIFeALIBP a3eJane a3 Jo anreuasaidal [1¥] 0003
J00d  -MO])0§ INOCE JUSWSIEIS ON ON ON |eansiyels Jo uondLosap oN X SOA 2Indas a3 Jo uoidLIdSap ON JeYMaLWos Jo AnJy asem syuedidiied “le 39 Sue]
x (Raniyesadoisod
sseak [9 03 £°0 “98uel]
SL°0 ‘UelpaL) palp
AABL UBIP|IYD €L puB
‘(Alaniresadolsod sieak
[cLo18L0 @8uei] L
‘uelpaw) uofejueidsuesy 000g Jequwadad 01 0861
JAA)) duogiapun pey Arenuer wouy Awolsounfafooireday
x steak (gL uaiIpIyd (%8%) 6 J0 Awoisosaiusonod pue
03G#°0) G'gJo Uelpawi e 4o} :(SIeak [gL 03 g ‘@8uel] Awojorede) Aiojewriyuod
dn pamojjoy sem uayy dnos3 6 ‘Uelpauw) JaAI) SAITRU JuamJapun pue pasougelp g pey
910UM 8L ‘d) B JuUamIapun J19y3 yum dn-moj)oy x 3010381y SJUBJUI GG JO 18101V “BISaIe Aleljiq
SjuBUI XIS-AJuam “1oy 15€] 1€ aAlje aIam JaNI) Jo Joyod pasodxa yum juaized oLirelpad agelane
pajunodde s108[gns e uaIpIYd (%tE) anamL  uondiosap juawisn(pe /pue piodai -UOU 33 JO UOIFeALISp a3 Jo anirejuasaidal yeymawos  [9g] #003 e
Jood ‘dn-mo)joj 8391dWOY  "SYIUOW gL ISEd) JB ‘SBA ON |eansiyels Jo uondLosap oN X SOA EYEN a3 Jo uoidudsap oN Jo Ainny asem syuedioied 39 Yoduaneq
Apnis jo }Hoyod
soinsodxa
9100 Ldn-mojjo} 1/N000 01 8LWI02IN0 JOJ  |BLIOIINO JO sSisAjeue Jo ugisap ay Jo e3s Je Juasaid pasodxa se 821nos awes ,1oyoo pasodxa
end Jo Aoenbapy y8noua Buo) dn-mojjo4  JUBLISSASSY  SISE( AU UO SLOYD Jo Aligesedwod 10U semIsaialul %MMM« woJj Yoyod pasodxa JO ssauanFeIuaSaIday Apnis

40 3WwodN0

-UOU 3Y} JO UOI3O3)3S

awodN0

fqesedwo)

IEREEN

11(Bl181110 81B0S Juswissasse A1jenb eme110-2]1SBOMBN) JUSWISSASSE SBIq JO SIY *g d1qeL

361

//doi.org/10.5223/pghn.20922.95.5.353

https

://pghn.org

https


https://pghn.org

Pediatric Gastroenterology,
Hepatology & Nutrition

pghn

ia

Atres

iary

ts with Bil

ien

Pediatric Pati

isin

Liver Fibros

(98ed 1xau a3 01 panuiUOd)

SIOAIAINS
9aJ)-901pune( pue (sieak

X anbjuyda} |eoNsIFeIS 13Y30 J0

(asdejau 30u pip so1punel

asoym 700 pood yum g dno.3 pue
uonejue)dsue) JaAT) JUBMIBPUN
oym 109 peq yum suaized oL

40 pa3sIsu0d y dnoig) 100 uo
paseq sdno.3 g 0ul papIAIp aiem
sjuanred asay "SIOAININS (SIeak §
15€9) 1€) 984)-001pune( wiel-3uo)
GE JO POMBINBI BJ9M SPI0D3 ‘WA

G15B3) 1€) WJs1-3u0) Jopow uoissai3al paisnfpe ue ul 199 x A3010351Yy Suowy "A1a3Ins jo Juswpedaq
G¢ Jo Ajpnnoadsosnal pUB 4TV LSV LTV ‘Ulgnnid 39a41p JaNI) Jo 1oYod pasodxa  puodIas Ayl 1e Paleal) Iam ejsaile
suoyodjodn  pamalnal alem spioday  uondiiosep J0 1B10] ‘Uulwinge ‘xes ‘uolelado /pue piodal -uou ay3 Jo uoneALdp  Areniq UM UsIp|Iyd 9AIINJBSU0D [83] ¥003
J00d  -MO])0§INOCE JUSWIEIS ON  "SYIUOW Gl ISBD] JB ‘SOA ON 1€ [esey e a3e 10} $|03u0d Apnis X SOA 2Indas a3 Jo uondudsap oN GG 'siasn jo dnoi810819S |39 BpIYIN
©BLI311ID UoISN|Ul
a3 Jo Jed sem [esey
Jaye dn-mojjoy Jeak x 3010351y x eisaie Aeniq
31SE9) 1B pUE S|IE1ap X JUBLISSaSSE JanI) Jo uoyod pasodxa yum jusired oLielpad a3elane
spoyod jo dn 1es1uId Jo Aigelreny pung Juawisn(pe /pue piodal -UOU 8Y3 JO UOIBALISP a3 Jo anieuasaidal yeymawos [8¥] 9003
100d  -MO])0JINOQE JUBLISIEIS ON  "SYIUOW gL ISed) JB ‘SeA Juapuadapul |eonsiyels jo uonduosap oN X SOA aindas ay1 jo uonduosap oN Jo Ainnasem syuedionied  ““je 39 Jakelys
X S9)qeLIeA Jlay) Se 8duaLIadxa J8juad
4O |9A3] pUE ‘ain)rey JaAI) Jo 23138p
“uejdsue.y Janl) Je a3e sazhjeue
uopejue|dsues) JanI) Ja)e JeAIMNS
dn-mojjoj 01 150] 810M %81 Z 9]qeL 'S10108) Se 2ouaLadXxe Jajusd
‘al0ja43y L "dn-mojjoy sieak 4O 19A3] pue ‘swoipuAs eiusidsAjod
oM} 1ses) e pey sjuaired ‘usenied |eslwoleue ‘uopelado resey
LLG 40 10 oM3-Ausmy pue (sreaf 1'g1-3"0 d8uel) e 83e 3uipnioul ‘sisAjeue ajeLeANW x A3010381y x eisaie Aeniq
paJpuny om] *3s0] asoy} sJeak £ Sem SIONIAINS sapinoad JaAl] BAIFBU YHM [BAIINS JBN)) Jo 10Yo2 pasodxe yum juaired oujeipad aSesane
40 uondLIdSapP OU U %56 ur dn-moyjoj uelpsy - uondiiosap L 3)qeL A} |eoNsiIels Japunojuod /pue piodal -UOU BY3 JO UOIBALISP a3 Jo anireIuasaldal yeymawios [£¥] 9008
Jreq uey) Sso) 3.l dN-Mm0jjo4  "SYIUOW gL ISeD) I8 ‘SOA ON Teuonippe Aue 1oy sjo.3u0d Apns X SOA aindes a3 jo uonduosap oN Jo Ainn asem syuedionied  ““Je 19 38ulias
SpoyIaW a3 Ul pauljIno
sjuaned Jo Jagquunu ay3 yum
oI SI0JeuIoUap ayL
*uadJad auiu-Auaml *(17
PeY WOYM JO || ‘834 JRAIANS
%09) Il pouad ui payeaiy
sjuaiyed gi WoJj SIOAIAINS
66 pue ‘(17 pey woym jo
994U} 938 |BAIMNS 9/4,07) I
pouiad ul payeasy syuaned L661 019861 Woly
18 WOJ) SIOAIAINS 9L ‘(8384 poliad awiy ay3 uj sreak
TBAIAINS %6) | poliad ul 11 Jo dn-moj)joj wnwixew
payeal) syusired ¢ wouy ‘al0joJaYL "L66L JO x A3010381Yy x elsaiye Areniq
SIONIAINS 931U} 49M 843y L pua ay3 Je BW02IN0 JaNI) Jo Hoyod pasodxa yum juaized oLrelpad agelane
*JO} pa3uN022e S309[gns  Jeoidins-3sod passassy  uondiiosap juawisn(pe /pue piodai -UOU 33 JO UOIFeALIBP a3 Jo aniFeIuLsaIdal Jeymawos [£3] 6661
Jood 11e ‘dn-mojjo4 838)dW0D  “SUIUOW FL ISES) JE “SAA ON |eansiyels jo uondLosap oN X SOA 2Indas a3 jo uondLdsap oN Jo Ainny asem syuedioied  “|e 38 BezeNO
Apnis jo JHoyod
8insodxa
8100 dn-mojjoy 11/N000 03 8WIOINO JOJ  |BUWODINO JO gSisAjeue Jo udisep sy Jo ue3s Je Juasaid fm— pasodxa se 82.n0s awes ,Hoyod pasodxe
fanend Jo Aoenbapy y3nous 3uo) dn-moJj04  JUBWISSESSY  SISEq BY3 U0 SUOY0D Jo Aljiqesedwo) Jou Sem Isalaul J— woJj Moyod pasodxa JO ssauaAITeIUSSaIday Apms

40 8WO2INO -UOU 3Y} JO UOI3I3)aS

awodIn0

Anigesedwod uonoaes

11(e1181110 81e0s Juswissasse A1enb eme110-2]1SBOMBN) JUSWISSASSE SeIq JO ysiy (pPanuiiuo)) *g a1qeL

362

//doi.org/10.5223/pghn.20922.95.5.353

https

://pghn.org

https


https://pghn.org

Pediatric Gastroenterology,
Hepatology & Nutrition

pghn

ia

Atres

iary

ients with Bil

Pediatric Pat

isin

Liver Fibros

(98ed 1xau a3 01 panuiUOd)

X anbjuyda} |eoNsIFeIs Jay3o Jo

Jopow uolssai3ai paisnipe ue ul 195 X 3010181y
JUBWISSASSE pUB 4TV LSV LTV ‘Ulgnnid 3041p JaNI) 4o poyod pasodxa
s10yo2 Jo dn punq J0 1B10] ‘ulwinge ‘xes ‘uolelado /pue piodal -UoU 83 JO UONEBALIBP [z€] 6108
J00d  -MO])0 INOQE JUSWISIEIS ON a)qeondde 0N Juapuadapul 1€ [esey 1e a3e 10} $|03u00 Apnis X SOA 2Indas a3 Jo uondudsap oN siasn jo dnos3 pajosjes e 1o edialiad
siaawesed Aloyeioqe) pue [ealund
Uo paseq pauyap aiem asayL ‘1esp!
-UOU JO BSpI :8W02INO0 [edIpaW 0}
aW0JIN0 |BAPI-UOU € pey Buip10doe sdnoad omy oul papIAp
3UIU 3]1YM BUWIOIINO [edIpaLu sjuaired awooaIno 2J9M SJUBIEd *, || 0J1IBPa4, 1eNdsOH
1B9p!I UB PBY GLYOIYM JO  |edIpall JeapI-uou 4oy Ausianiun 8y jo nun A3oj01edaH
“(sreak gg-g a3ued ade ‘sueak  (sieak Gg- a3uel) sieak Jl11BIpad 8Y3 03 paliajal dyl Joye va
6 93e ueIpaW ‘UBWOM/S|IS L' pue Sjuaized sawooIno Yum sjuaired JOAIAINS JaAI) SAIYEU Gt
6 ‘usw/shoq GlL) syusied g TedIpaW |eapl Joy (sieahk x 3010181y JO 210G Jequiadaq pue gLog Arenuer
Jo paisisuod uone)ndod jeuy 41-G a3ued) SIeak £'6 SEM X JUSWISSSSE JBN)) Jo 10Y02 pasodxa usamiaq pawopad (JHIN pue ‘IMS
8y L U0} paunodde s309fgqns  Suiwil dn-mo)joy uelipsin pung uawisnlpe /pue piodai -UOU U3 JO UOITBALIBP ‘SN) SuoeUlWEXa SuiZew| pamaInal [62] 0303
Jood 11e ‘dn-mojjoy 8391dWwo)  “Syjuow gL 1Ses) 18 ‘SaA Juspuadapul |eonsiyels jo uonduosap oN X SOA aindas ay1 jo uonduosap oN 9/ "siosn Jo dnoi3 perdsles  ““Je 18 osnie)
(s1eak OL-5'+) sieak
XIs Jo dn-mo)jo4 uelpaw
e pey sjuaired ‘(syuaned
*ApN1s 83 JO 39SUO BY3 WO  PaLINd20 suoiedljdwod
se (y1=u) syuanred Jo Jaqunu uaym Jo Aenuue
awes ay3 sepinoid Ais3ins  premislye pue syjuow gl ¥ 3010181y x eisaiye feniq
J9YJe 9Ye) BOUBIED)D g AL PUE ‘9 °C ‘L T8 pawlioyad JBN)) Jo 10Yo2 pasodxe yum juaiyed oujeipad aSesane
*JOj PaIUN0IJE $3193(gNs sem dn-mojjo4  uondiiosep Juawisnfpe /pue piodal -UOU 3Y3 JO UOIBALISP a3 Jo aniFeIuasaIdal yeymawos [05] 1205
J0od 1je ‘dn-mo)j04 839)dWI0Y  "SYIUOW gL ISEd) Je “SAA ON Jeansiels jo uonduosap oN X SOA 2IN29s ay3 jo uondiosap oN Jo Ajnuy asam syuedioiped e 39 nisody
x 3010381y x elsaiye Areniq
X JUSWISSASSE JaNI) Jo Hoyod pasodxa yum juaized oLrelpad agelane
puig juawisn(pe /pue piodai -UOU 33 JO UOIFeALIBP a3 Jo aniFeIuLsaIdal Jeymawos [6¥] 100G
Jood 9)qeoljdde 10N a)qeordde 10N Juapuadapul Jeansiels jo uondLosap oN X SOA EINREN a3 Jo uonduosap oN J0 Ainiy asam syuedidied  ““Je 19 wadjon
Apnis jo JHoyod
8insodxa
8100 dn-mojjoy 11/N000 03 8WIOINO JOJ  |BUWODINO JO gSisAjeue Jo udisep sy Jo ue3s Je Juasaid fm— pasodxa se 82.n0s awes ,Hoyod pasodxe
fend Jo Aoenbapy y3nous 3uo) dn-mojjo4  JUBWSSASSY  SISBQ 81 U0 SLIO0Y0D Jo A)jiqesedwo) J0u Sem 1sealul J— woJj Moyod pasodxa JO ssauaAITeIUSSaIday Apms
40 8W0INO : -UOU 83 JO UOIB|SS
aWo2IN0 Anigeredwon [IHBEIEN

11(B1181110 8180S JuswIssasse A1enb eme110-8]1SBOMBN) JUSWISSaSSE SBIq JO siy (pPanuiiuo)) *g a1qeL

363

//doi.org/10.5223/pghn.20922.95.5.353

https

://pghn.org

https


https://pghn.org

Pediatric Gastroenterology,
Hepatology & Nutrition

pghn

ia

Atres

iary

ts with Bil

ien

Pediatric Pati

isin

Liver Fibros

(a8ed 3xau ay3 03 panuiu0Od)

uLI098p Japun

dn-mo)04 03 350) syualred
831y pue 4910 ‘e18g-41
‘uoi3oeal |eIoNp Japun
(Lz=u) dn-mo))04 03 350]

sem juaiyed auo JanamoH
*s1eak ¢ Jo dn-moyjo) uelpaw
a1 1e syuaned gg smoys

eIsauie Aiel)iq paye)os
ul Auo passaigoid
pey sIsoiqy sealsaym

([sreak £6-5°¢€] sreak

L't 93e) aun|ie} Jeunsaiul

yum sjuaired || wouy
pauleIo Sem anssi}
JanI]) 1013U02 21304q14
*sisely1103sAoa]0yd

410y Awo30835£081040
Buiodiapun ([sreak
8'v1-8'2] sreak 1L age)
UaIpIYd OL WOy pue
([sreak g 9L-0g 93ues
a)ienbuayul] sieak
'L 93 uelpaw) SJaA)
Jouop duyelpad 6| woly

pajjodua
a1am (%€6) Way3 JO 8% pue ‘Id
Jaye ao1punel J1ay3 patead (%6S)

% )qeL %S 03 Jenba uo ‘Panj0sal SISeIS8|oYd x 3010181y paureiqo atem saisdoiq  syusned O ‘€L0G PUE L66L Usamiaq
UBY] SS8] 150] Jaquunu - 9180)03Is1Y ‘Sieak 0'€ JO  JUBLUSSASSE JaNI) Jo JBAI] 1043U0D d130IqYUOU (pueyuid) yendsoH Ausianiun
selq 9onpoJjul 03 Axiun  dn-moj|o4 UeIpaW JBYY puig Juawisnipe /pue piodai AynesH *a2inos D|UIS|9H ul payesado sjuaired vg [£5] 6103
Jood dn-mojjo4 01150] $303[QNS  "SYIUOW gL ISED] JE “SAA Juapuadapul 1eansiyels Jo uondLosap oN X SOA 2Indas JUBJIBYIP © WOl Umeld 15 JO "s4asn Jo dnos payoalas AR ERC TN
X UOITBUIWIS pIemydBq B} WOy
d) a104aq Asdoiq Jany Juesyiusis aq 03 puNoy SI030€) dY3 0} JUBUSSASSE
snoaueinosad Juamiapun pue aUOJe J030B) OB J0j pariodal dHD J0j papnioul a1am d JO swin
oym (Lg=U) azis aydwes 2J9M SanjeA-d pue solles piezeH woyy saisdoiq a3pam aiqe)rene
18101 843 03 JudeAINbD *19pow a3 Ul papnjaul aq 03 OL'0> yum syuaired Auo ‘enbiuyosy
s1ya1ym ‘dnoug (£=u) 40 anjea-d yoino e 3uisn ‘pawiopad 19A0U S1Y3 10)id 01 JBPJO U 9103
Jue|dsue.) J9AN-UOU pue dy-sod dn Sem japouw paezey jeuoruodoid 0} 9005 WO} UOIINISU INO € dX
(¥1=u) Jue|dsue.y Janl) ay) -mo))o4 sseak g> 1o Asdoiq x02 ay3 uisn yoeoadde uoreuiwis x A3010351Yy 1UaMJIBPUN OYM Y78 UM pasouselp
J0j papinoid swiry dn-mojo4  83pam e Jo 3oB] papnjoul  JUSUSSASSE -pJemyoeq € ‘sisjeue ajqelieA)nw JONI) Jo 110yo2 pasodxe sjuaned Jo spiodal edipaw
*JO} PaIUN0IJE §303[gNs BLI3)1IO UOISN|IXT pung ay3 Jo4 “A)eonsiyels Japunojuod /pue piodal -UOU BY3 JO UOIBALISP 2y} pamainas Ajpaoadsosnal [1s] 0305
Jreq 11e ‘dn-mojjoy 8391dwo)  “Syjuow gL 1Ses) 1 ‘Sap Juspuadapul Teuonippe Aue Joj sjos3u0d Apnis X S9A aIndas a3 jo uonduosap oN 9/ "s4asn Jo dnoud peyoslas  “1e 18 ojjiweser
passasse sjuaied X (12) S[eAIB)UI 9IUBPYUOD %S6
17 JO 130} B 03 Juaeainba Yum papiodal aJe SHO "sjuswaInsesw
sl (gg=u) dn-moyjo} 3 uigniq anesadolsod Jay3o yum
SISOUJJI Y3m syuaired paredwod YO Je1eal3 sy Jo asnedaq
pue (gl=u) dn-mojjo} 3e U8sOYD SeM SYIUOW 9 Je ulgnuiiq
SISOUJID INOYIIM SIUBIIEd parednfuod pue ‘uoissaial ajdwis uf
‘uonejndod 1e303 8y jo HO J91e2.3 S} JO asNedaq j9pow ay}
azis a)dwies 8y 03 |ev1uap! /08€ Ul Pasealosp J0J UBSOYd Sem AW0Iso3d e uignaiig
ase sdnoJ3 omy ay3 Jo sazis 1o a)qels paurewsal adels 1e301 JO pedIsul paredn(uo) *(Awoisoad)
adwes ayL *dn-moy)0} 1se] JIABIBIA BY3 pue ‘sjusied Awoisosayuaopiod Jaye Syuow 9 pue g
1€ SISOy JO douasald 4O 9/4€G Ul SISOYIID 30q JUEBDLIUSIS JI UBSOYD BJIaM UOISS43a)
a3 03 3uIpJodJe adIpunel pamoys saisdoiq Jann adwis ut (40) soned sppo Jay3iy
J18y3 pases)d guiney (Ly=u) “Awolsosaqusopod U3IM S1S33 UOIOUNY JBAIT *UOISS433)
sjuaied Jje Jo sonsLaloeIRYD Jaye (g°01-9°L a8uel a)dmnuwi ui 1o} paIsnipe aJam uoissai3al x 3010381y x eisaine Aeniq
sapnjoul L a)qeL o} d)iHenbialul) siesk z'GJo  JUBWISSaSSe 91dwis woly sajgeLeA Juedyiugis JBN)) Jo 10Yo2 pasodxe yum juaired oujeipad aeane
pajunodoe s3oafgns e dn-mo)jo4 UBIpaW JaYY punq Aeansiyess “A)jeansiess Japunojuod /pue piodal -UOU 3Y3 JO UOIBALISP a3 Jo anieIuasaIdal yeymawos [1€] 6103
poon ‘dn-moj)joy 839)dWI0)  "SyjUOW gL 1Sed) Je “SAA Juapuadapul Teuonippe Aue 1oy $1013u00 Apnis X S9A 2In2as a3 jo uondiosap oN Jo Ajnuy asem syuedioied e 39 UaupNH
x A3010351Yy x eisaiye feniq
JBNI) Jo poyod pasodxa yum jusired oLiyelpad a3elane
spuoyod jo dn uonduosap uswisn(pe /pue piodas -Uou U3 JO UOIIeALISP aU3 Jo aAIeIULSaIdal JeyMmaWos [o€] 0303
J00d  -MO])0 INOQE JUSWIBIEIS ON a)eondde 0N ON 1eonsiyels jo uonduosap oN X SOA aIndes a3 jo uondusap oN Jo Ainn asem syuedionied e 318 Ipeuns
Apnis jo 1Hoyod
+oinsodxe
9100S Ldn-mojjo} 1AN00 01 8LWIO2IN0 JOJ  |BUWIOIINO JO gSisAjeue Jo ugisap ay Jo e)s Je Juasaid pasodxa se 821nos awes ,1oyoa pasodxe
fanend Jo Aoenbapy y8noua Suo) dn-mojjo4  JUBLISSASSY - SISeq AU UO SLOY0D JO Aligesedwod 10U SemIsaielul “MMHM/\ woJj Yoyod pasodxe JO ssauanIeIuasaiday Apms

40 3woN0

-UOU 83 JO UO1199]3S

awooNQ

Anigeredwo)

[IREEN

11(e1181110 8180S JuswIssesse A1enb eme110-8]1SBOMBN) JUSWISSaSSE SBIq JO siy (pPanuiiuo)) *g a1qeL

364

//doi.org/10.5223/pghn.20922.95.5.353

https

://pghn.org

https


https://pghn.org

Pediatric Gastroenterology,
Hepatology & Nutrition

pghn

ia

Atres

iary

ients with Bil

Pediatric Pat

isin

Liver Fibros

(98ed 1xaU a3 03 panunUOd)

d) JoLe SLuoW £3-9
JOAT) SAITEU UM BAITE
2JB YINS-0 JO UoIssaidxe
pliw pey pue ad1pune( Juswssesse
SL0Y02 40 dn  Pases)d Oym UsIpIYd ua) punq
1004  -MOJ|0} INOCE JUBWIBIEIS ON  “SUIUOW gL ISEd) J€ ‘SoA Juapuadapul

suoyod jo dn uonduosap
J00d  -MO]j0} INOQE JUSWSIEIS ON a|qeandde 10N ON
jasuU0

Apn3s e papnjoul syuaiyed jo
JaQWINU SWES 3Y3 S| YdIym
‘(9p=u) dnoi3 swooIno
Jood pue (6£=u) awooINo

x A3o10381Y X eisaie Aeliq
JaAI} JO 1oyod pasodxa y3m juaiyed oreipad aesane
Juawisnipe /pue piodal -UOU 83 JO UOITBALIBP a1 Jo anieuUasaldal Jeymawos  [#€] 610G “Je 39
1e213s13€3S JO UodLIdSap ON X SOA 2IN23s ay3 Jo uondiiosap oN Jo AjnJy asam syuedidiped  uespueydeWERY
safewIouqe
Je)nosen ay3 asedwod

01 pasn aJam sjuejdxa
2130y.i1ouou pue

X sjuejdxe onoyouou 2110U419 10| WOy
PUE 210U Y30q WOJJ S|043U0D X A3oj0181y 101300 paydleW X eisaie Aeniq
payorew a3e ajendoiddy “a3e uoy Jani) Jo a3e ajelidoiddy yumuaned oLneipad a3esene
paisnipe A)jeansiyels Japunojuod /pue piodal *921n0Ss a1 Jo aAlTeIUasaIdal Teymaos [es] 0303
Jeuonippe Aue 1oy sj0.3u0d Apms X SOA aInoes UBJBYIP © WOoJ) UMeIq 10 An.y asem syuedidnied “1e 10 191ed

x Kousnbayy uipuodsa.iod

a3 pue sisoiqy pue uoiyesaynoid
1B10Np ‘SISeIS8)0Yd ‘UoielRyUl
“Ainful Je)n)j@oo3eday Jo seiqeLien
a1 Jo yoea Joj opes3 Aq pariodai are
dno.3 awo21n0 Jood pue pood sy ul
eyep A30103sIH "sishjeue uoissaigal
2135130} 40 1593 10€XD S JaYS|4 IS8}

poogd ay jo (syauow) dn -UOX0D)IM-ABUNYM-UUB B3 x 3010381y x elsaiye Areniq

-Mo))04 suodal | ajqeL JUBISSaSSE Bui sn paLLied sem uostiedwod Jani) Jo 1oy0d pasodxa yum juaned ouyelpad aSelane
*10} PAIUN0OI2E S393[qNS pung dnouo *Ajjeonsiyels Japunojuod /pue piodai -uou a3 JO UOIIeALIBP 33 Jo aniFejuasaidal Jeymawios [e€] 150T
Jreq 11e ‘dn-moy)o4 8181dwo) ON Juapuadapul Jeuonippe Aue 4oy sj013u0d Apnis X SOA EIREIN a3 Jo uonduiosap oN Jo Ainnasam syuedioiied  ““Je 38 usAn3dN

x A3o10381Y X eisaie Aeliq

JBAI] JO 1oyod pasodxa yum jusned ourelpad agelane
spoyod jo dn uonduosap juswasnipe /pue piodas -uou U3 JO UOIBALIBP a1 Jo aneIULsaIdal JeyMaWos [2s] 0505
J0Od  -MO]10} INOQE JUBWIIEIS ON a)qeondde 10N ON 1e213s13e3S Jo uodLIdSap ON X S9A 2In29s ay3 Jo uondiiosap oN Jo Ajniy asom syuedidiued  “*1e 39 aulowa

Apns jo 1Moyod
s9Insodxa
9100 Ldn-mojjoy 14N000 01 8W02IN0 IO} |BLWOIINO JO sSisAjeue Jo uBisep ayp Jo Yie)s Je Juasaud pasodxa se 821n0s awes ,Hoyoo pasodxa
fnend 30 foenbapy y3nous 3uo] dn-mojjo4  JUBWISSASSY  SISB BY3 UO SHO0Y0D JO A)jiqesedwo) 10U Sem Isaialul .“wmﬂ““,\ wioJj 140y09 pasodxe 40 ssauanjejuasaiday Apms
40 8WO2INO : -UOU BY3 JO UOIIB)aS
awodNo faniqeredwo) uonoaIes

11(e1181110 8180S JuBWISsasse A1jenb BMe110-8]1SBOMBN) 1UBWISSESSE SBIq JO JSiY (Panuiuo)) *g a)1qeL

365

//doi.org/10.5223/pghn.20922.95.5.353

https

://pghn.org

https


https://pghn.org

Pediatric Gastroenterology,
Hepatology & Nutrition

pghn

ia

Atres

iary

ients with Bil

Pediatric Pat

isin

Liver Fibros

(98ed 1xau a3 01 panuiUOd)

x 3010381y X eisaiye Aeniq
JBN)) Jo 10Yo2 pasodxe yum juaiyed oujeipad aSesane
su0yo9 jo dn su0Yo9 Jo dn-mojjoy uonduosap juawisn(pe /pue piodas -UOU 3Y3 JO UOIIeALIBP 3Y3 JO aAIFeIUaSaIdal JeymaWos [gs]
100d  -MO])0J INOQE JUBBIE]S ON IN0QE JUaWAIELIS ON ON |eonsiyels jo uonduosap oN X SOA aindes a3 Jo uondusap oN Jo A)ny asem syuedionied 130g e 19 ousn
d)l Jaye uopejue dsues)
JaAI] Juanuapun Jusied auo s3uipuy
*(sseah g°g uelpaw) sieak 213010151y pue ‘olydes3oidueioyd
1 03 Jeak | woiy paduel dy “[e21UIND UO Paseq PapN)IUl 8JoMm g
Jayye dn-moj|o4 Jo uoneInp -Uou JO g Yim pasouSelp sjueyu|
ayl *(gL=u) sjuened vg jo "1endsoH JeLiows uloy3uoeinyd
TeAIAINS Jood pue sa)ndsjow Bury “f1a3ins Jo Juswredaq ayy
asau3 Jo suoissaidxa ysiy 5350 |eyoopaloyd  Je paurelqo alam sisolqy Jo sudis
u?am3aq sdiysuoielas (sreak 5'g x anbjuyoay eansizels Jay1o o yumsiuaized £ ou yum saisdoiq JaAl) Jusmiapun
au) aujwexa 01 sisAjeue  uelpaw) sieak 4| 03 Jeak Jopow uoissai3ai paisnipe ue ui 199 x A30j0181y papnioul 5041U0d sk oym sjusired yg-uou £ pue dy
Ja19N-ue|dey pa1onpuod | woiy paduel dy Jaye dn  Juswssasse pUE 4V “LSV LTV ‘uignJiiq 30a.1p JBNI) 4O pansas Jey) syusized JUSNUIBPUN OYM SIUBJUI Ve 03
9/V\ 10} PIUNOJDE $308[NS  -M0)10} JO UOIEINP BYL pung J0 1810} ‘Uulwinge ‘xas ‘uorjelado /pue piodal Vg-uou ||y "92Inos Jo saisdoiq Janr) anpesadoiad  [s€] 030G “1e 19
Jred 11e ‘dn-mojjo4 8381dW0)  “SyjuoW gL ISed) 1 ‘SaA Juapuadapul 1e ese 1e a8e 104 S|013U00 Apnis X SOA 2Indas JUBJIBYIP © WOl umeld *s1asn Jo dnoug payosjes uasesduiswopn
(Mannoadsal ‘sieak
dn-moyjoy G'GFE'OL'SAG'G¥9'8 d) uamiapun syuaned
e dnoJ3 STN-UoU "SA SN ¢85°0=d) sdnoi3 omy 1IV "SL0G pue 9861 usamiaq JeldsoH
a1 Joj siequinu azis ajdwes 8y Usamiaq JuaIayIp x 3010381y S,UaIp|IYD BeJeq| 18 pajea vg Yum
awes ay3 sapinoid ¢ a)qeL Apueoyiuis Jou Sem  JUSLUSSASSE JaNI) 4o poyoo pasodxa  syuaned € papnjoul 1ey3 siskjeue
*JO} PaIUN022e S399(gns  uoiyesnp dn-moyjo4 ayL puig Juawisnipe /pue piodai -UOU 33 JO UOIFeALIBp  BAI30ads0.43a4 B sem Apnis Juasald [5]
Jood 11e ‘dn-mojjoy 8391dW0)  “SyjuowW gL 1Ses) e ‘SaA Juspuadapul |eansiyels Jo uondLosap oN X SOA 2Indas a3 Jo uondusap oN 3y "suash jo dnoid palos)as 6103 e 10 epns
Apnas siy3 Joj pa3oa)as
a1am €9 ‘syuafied asay JO "saqo)
Y109 woJj sejdwies uissiw yIm ¢
pue SnsiaAul SNYS YIM € Suipnjoul
‘papnyoxe atem syusired XIS dy
Ppaiie) pey 69 ‘8L0G Jaquiadaq pue
105 Arenuer usemiaq (QHOON)
x A3010351Yy juawdojanaq pue ynesH pjiyo
JUBISSOSSE JBNI) Jo poyod pasodxa 10} J19UdD JeUOIIeN ay3 e 1]
spoyoo jo dn pung Juawisn(pe /pue piodal -UOU Y3 JO UONBALIBP  JUsMJapun g yam syuaized oLL ay3 [ov] 1305
J00d  -MO])0 INOQE JUSWIBIEIS ON aiqeondde joN Juspuadapu 1eonsiyels jo uonduosap oN X SOA aIndes a3 jo uondusap oN Buowy *ssesn Jo dnos3 peyoajes “|e 19 ojues
Apnis jo 1Hoyod
+oinsodxe
9100S Ldn-mojjo} 1AN00 01 8LWIO2IN0 JOJ  |BUWIOIINO JO gSisAjeue Jo ugisap ay Jo e)s Je Juasaid pasodxa se 821nos awes ,1oyod pasodxa
fanend Jo Aoenbapy y8noua Suo) dn-mojjo4  JUBLISSASSY - SISeq AU UO SLOY0D JO Aligesedwod 10U SemIsaielul %mMWM.q woJj Yoyod pasodxe JO ssauanIeIuasaiday Apms

40 3woN0

-UOU 83 JO UO1199]3S

aWo2IN0

Anigeredwo)

[IEREEN

11(e1181110 8180S JuswIssesse A1enb eme110-8]1SBOMBN) JUSWISSaSSE SBIq JO siy (pPanuiiuo)) *g a1qeL

366

//doi.org/10.5223/pghn.20922.95.5.353

https

://pghn.org

https


https://pghn.org

pghn

Pediatric Gastroenterology,
Hepatology & Nutrition

*urewop ainsodxa/awodINo Ul SJeIs L 4o O YO urewop Ajiqesedwod

U1 SJBIS 0 YO UIBWOp UOI108)as Ul SIBIS | 40 O YO Urewop AMjigesedwod Ul sIeis 0 YO UIBWOP UOI199)as Ul Je1s | 40 O :Aljenb Jood furewop ainsodxa/awoo1no Ui siels € 10 g aNy utewop Ayjigesedwod
Ul SJB1S G JO L NV UIBWIOP UOII0818s Ul SJels g :Alfenb Jred furewop awo21no ul sie3s € 10 g NV urewop A31jiqesedwod uj sJeis g 4o L NV Ulewop uof1os)es ul (4) sieis ¢ 1o ¢ :Aujenb poon,

*$140Y09 40 dNn-m0)]10} IN0QE JUBWIEIS

ou ‘a)qealjdde j0u {1501 850y1 JO UONALIDSBP OU PUE 9/,G6> 81B) dN-MO]104 (%S5 1S0] Jaquinu - seiq 8danpoJiul 01 A1a31jun dn-mojjo4 011s0] $308(qNs £10j Pa1uNodde $108(qns e ‘dn-mo)jo) 181dwo)
“Jue|dSUBIL JBAI] JO |BAIAINS JBAI] BAITBU JO SBWOIINO 8Y1 SSasse 01 Y13ua) ul Jeak auo 1ses) 1e Jo dn-mo)jo4

‘uondiosap ou f(asuodsas malniaiul 1o Aaains) 1odai-})as ((seseqerep 19aa)-uoireindod)

ageyjul) piooau :(A30]01s1y JaAl] Buiren]ens usym lesey Jae Juaited ay1 Jo swWo2IN0 pue - eisalle Aseliq - sisouselp ‘sniels 1eajul]d 01 papullq 1sidojoyred “3a) Juswssesse puljq uapuadapuy,
Juswisn(pe 1ea13siie)s Jo uoindlLIosap ou :A)ed13sizels Japunojuod jeuoiippe Aue aoj s10J3u0d Apnis fanbjuyosl 1eo13SIIe]S 4810 J0 |apow uoissaidal paisnipe ue ul (19D) aselsjsuel)

1Awein|3-ewwes pue ‘(d1v) aseieydsoyd auiesje ‘(LSy) aselajsueiioulwe a1eiedse ‘(17v) 9SeI9)SUBIIOUIWE SUIUBE ‘UIqNJI)ig 10811P 10 |10 ‘UlWing]e ‘xas ‘uonelado lesey 1e a3e 10} $]011u0d Apnisg
‘uonduosap ou :140dai-}|8s UM iMaIAI8IUl PaIn1onJls (A30101S1Y JaAl] JO/pue PI0dal 8INJ8St

"1J0Y09 pasodxa-uou ay3 Jo uolreAlIap a1 Jo uonduosap ou :(eisaire Ael)iq UBYl JaUI0 SISESIP JOAI YIM UBIP|IYD) 92IN0S JUBISYIP B WOL) UMEIP 14040 pasodxa ay) St ajdwes swes Wwoiy meid,
140409 3Y3 JO UOIIBALISp 8Y3 Jo uondliosap ou :(uonesado 3dH/resey

JuaMIapuUN oym g yum syualyed ouzelpad) siasn jo dnoad pa1os)as (038 BaJe |eunJ 4O UBQGJN UIBLIaD B U] SUIAl] “@duelnsul |edipaw jo adA} ‘uoiredo) uo paseq syuaired oujelpad pajoales Ajuo “a°1) ve
yam juasied oueipad aZeiane sy Jo anileiussaldal 1eYymaWos ((suoissiwpe Jenuanbas 1je 4o wopuel “a°1) (va) eisaie Areniq yum uaiied ouieipad a3eiane ayi Jo aalreluasaidal 1BYymawos 4o Ajnuy,
*Awo3sotauaoiiodoleday :3dH IUBWAINSEAW SSAUYIIS J9AI] (NST ‘SIUB|dSUBIY JBAI) UOU :STN ‘UBSIIUE 8)OSNW LYI0OWS :WINS ‘U0ISSaIdxXa 103084 YIMOIS aN1is1 dA1308UU0D 491D “Awoisossiuaoiiod

:3d ‘epndad 3uiziplighy usdeos :dHD “Awolsoisiusoiiod resey :dy ‘SuiSew| adeueaseas dluadew YW ‘Aydes3oise)s anem Jesys :3\S ‘pPuUNosesd|n 1SN ‘8411 40 Alenb 1700 ‘Queldsuesy Jsal) 17

ia

Atres

iary

ients with B

Pediatric Pat

UO[JBUIIEXD SN JO
>99M BUO UILIIM S1S8] |BDILIBYI0IQ
wnJas pey (9) pue uoireulwexs
IMS uamIapun (q) ‘uoirewosep

uonesadood-uou Je3uaw3as Janl) snoiaqo pajuasaid
,Suased 03 anp dn-moyjoy (e) Aoy3 41 Apmas siy3 ul papnioul
4O Jeak | JaYe 150] Sem 9J9M S)UBIE *PasSasse Ajjeniul
juaiyed auo ajiym sseak 2JaM d) Jaye dn-moyjo) Sulinp
G Uk 210W I0j JaNI) x 3010381 UBDS S JAAI) JUBMIBPUN OYM g
QAU )M SAIAINS 0} JaNI) Jo poyod pasodxa yum syusired Lt €101 B ‘0503
suoyod jodn  umouy asam susned g uonduiosap uawisn(pe /pue piodas -Uuou U3 JO UOIIeALISP J3qWaNON pue glLog Arenuer [L£]
100d  -MO])0§INOCE JUBWIIEIS ON  'SYIUOW Gl ISBD] JB ‘SoA ON 1eansiyels jo uonduosap oN X SOA aIndes ay1jo uoindudsep oN  usamieg siasn jo dnoi3 peos)es 1z0g ‘e 10 noyz

papnioxa asam Aiagins
Jeulwopqe snoiaaid pue yooys

Isin

X WST pUe ‘199 ‘Xas papnioul ondas ‘saose Yam s309[ans *(208<

S]apoL 3y} Ul papn|oul Sa|gelIeA OI3e] uIgnJI)iq 303 03 30841p pUe P

UoIBUIWEXD UL "sisAjeue j9pow a1eLieARNW ay} /8w 1< 19A8] UIqnINIg 39841P WinJas)

1eaisAyd e Aje3swous)ds 03Ul papn|oul aJ1am (£€0°0>) puail e SISB1IS8)0Yd Yum pajuasaid siusned

papinoid si (resey payedied jo aoussaid panaIyde ey} S10308) AJUO "UONI81I0D 1V “Alannnoadsoud Apnis siy1 03 £10g

-350d syuow €) dn-mojjoy a1 e Jo a3e Jo syauow 1uoJIBjuOg JaYe sisAjeue uoissai3al JaqWia2aq 01 510G AeW wioly (HNLN)

1B € 9)C[BL Ul POZLIBWIWINS 9 dDUIS Syjuow 9 A1ane 2115130 81BLIBAIUN BY] Ul pUSJ) B SB 1endsoH Ajsianiun uemiel JeuoireN

aJe g Yyum s10afgns G wies30uos Jeulwopge ue G£0°0-LLO’0 U9aM1aq pue ‘Juedyiudis x A3010351Yy 4O S21IBIPad JO WawMedaq sy}

a1 JO BIep |edluld 8yl pawopad am ‘IdH-1s0d  Juswissesse Areonsnels se papJeda sem JBNI) Jo poyod pasodxa woJy (Sayeway L pue sajew |g)
*JO} PaIUN0IJE §303[qNs v Y3m s308(gns u pung £10°0>anjeA-d “Ajjeonsiyels Japunojuod /pue piodal -UOU By} JO UOIBALISP SJUBJUI D1IBISBI0YD 8 PAHNIOAI [9g]
Jreq 11e ‘dn-mojjoy 8391dwo)  “Syjuow gL 1Ses) 18 ‘SaA Juapuadapul Teuonippe Aue 1oy sjoauo0d Apms X SOA aIndes a3 jo uondusap oN 9/ "s4osn Jo dnou3 peydslds 810z 18 19 N

Apnis jo 1Hoyod
+oinsodxe
9100S Ldn-mojjo} 1/N000 01 8LWI02IN0 JOJ  |BLIOIINO JO gSisAjeue 1o ugisap ay Jo e3s Je Juasaid pasodxa se 821nos awes ,1oyoa pasodxa
fanend Jo Aoenbapy y8nous Suo) dn-mojjo4  JUBLISSASSY  SISe] AU UO SLOY0D O Aligesedwo) 10U Sem Isaielul “wm%““/\ woJj LoYod pasodxa JO ssauanneluasaiday fpms
40 8WOINO : -UOU 83 JO UOIIB|AS
awo2IN0 Anigeredwo) uonos|es

Liver Fibros

11(B1181110 8180S JuswIssasse A1enb eme110-8]1SBOMBN) JUSWISSaSSE SBIq JO siy (pPanuiiuo)) *g a1qeL

367

//doi.org/10.5223/pghn.20922.95.5.353

https

//pghn.org

https


https://pghn.org

Liver Fibrosis in Pediatric Patients with Biliary Atresia

Pediatric Gastroenterology, h n
Hepatology & Nutrition

https://pghn.org

Severe Non-severe

liver fibrosis liver fibrosis Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI
Davenport et al., 2004 [26] 4 8 4 8 85% 1.00 [0.14, 7.10] _—
Hukkinen et al., 2019 [31] 0 19 16 19 4.6% 0.01[0.00, 0.11] «+—=——
Jaramillo et al., 2020 [51] 3 7 4 7 77% 0.56 [0.07, 4.67] _—
Lang et al., 2000 [41] 1 15 4 15 6.8% 0.20[0.02, 2.02] _
Nguyen et al., 2021 [33] 8 39 31 39 14.6% 0.07 [0.02, 0.20] —
Okazaki et al., 1999 [27] 1 8 5 8 6.0% 0.09 [0.01, 1.08]
Ramachandran et al., 2019 [34] 2 13 1 13 7.6% 0.03[0.00,0.28] ———o
Shteyer et al., 2006 [48] 3 7 4 7 77% 0.56 [0.07, 4.67] —_—
Uchida et al., 2004 [28] 5 20 15 20 11.9% 0.11[0.03, 0.46] —_—
Ueno et al., 2021 [55] 13 35 22 35 15.7% 0.35[0.13, 0.92] ——
Zhou et al., 2021 [37] 3 1" 8 M 8.9% 0.14[0.02, 0.92] E—
Total (95% CI) 182 182 100.0% 0.16 [0.08, 0.33] 2
Total events 43 124 , ,

Heterogeneity: Tau’=0.64; chi’=18.49, df=10 (p=0.05); I’=46%

1 1
T T T T
Test for overall effect: Z=4.93 (p<0.00001) 0002 01 1 10 500

Favours [experimental] Favours [control]

Fig. 2. Meta-analysis plot of the pooled odds ratio comparing native liver survival in severe fibrosis
(‘experimental’) vs. non-severe fibrosis (‘control’) groups.
Cl: confidence interval.

Severe Non-severe
bile ducts bile ducts Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI
Davenport et al., 2004 [26] 0 8 8 8 30.6% 0.00[0.00,0.20] <+—
Gunadi et al., 2020 [30] 3 17 15 17 34.3% 0.03[0.00,0.20] <+=——ro
Nguyen et al., 2021 [33] 33 39 6 39 35.1% 30.25[8.84, 103.51] —a
Total (95% CI) 64 64 100.0% 0.17 [0.00, 63.63]

Total events ) ) 36 29 ) , | | ,
Heterogeneity: Tau =25.50; chi'=48.33, df=2 (p<0.00001); I"'=96% '0 01 0'1 :l 1'0 100‘
Test for overall effect: Z=0.58 (p=0.56) Favours [experimental] Favours [control]

Fig. 3. Meta-analysis plot of the pooled odds ratio comparing native liver survival in severe bile duct destruction
(‘experimental’) vs. non-severe bile duct destruction (‘control’) groups.
Cl: confidence interval.

Severe Non-severe

cholestasis cholestasis Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI
Azarow et al., 1997 [39] 4 17 13 17 27.6% 0.09 [0.02, 0.46]
Davenport et al., 2004 [26] 2 8 6 8 23.4% 0.11[0.01, 1.07]
Gunadi et al., 2020 [30] 1 17 17 17 17.6% 0.00 [0.00, 0.07] «—
Nguyen et al., 2021 [33] 18 39 21 39 31.3% 0.730.30, 1.79] ——
Total (95% CI) 81 81 100.0% 0.10 [0.01, 0.73] ——mm——
Total events 25 57 , | | ,

Heterogeneity: Tau’=3.12; chi’=15.28, df=3 (p=0.002); I’=80%

r T T 1
Test for overall effect: Z=2.27 (p=0.02) 0.01 04 L 10 100

Favours [experimental] Favours [control]
Fig. 4. Meta-analysis plot of the pooled odds ratio comparing native liver survival in severe cholestasis
(‘experimental’) vs. non-severe cholestasis (‘control’) groups.

Cl: confidence interval.

Severe Non-severe
lobular inflam lobular inflam Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI
Azarow et al., 1997 [39] 1 17 16 17 46.5% 0.00 [0.00, 0.07] «——
Davenport et al., 2004 [26] 2 8 6 8 53.5% 0.11[0.01,1.07] ——=—+
Total (95% ClI) 25 25 100.0% 0.02 [0.00, 0.62] sm——
Total events 3 22 | ,

I 1
r T T 1
0.01 0.1 1 10 100

Favours [experimental] Favours [control]

Heterogeneity: not applid.88; chi2=3.25, df=1 (p=0.07); 1’=69%
Test for overall effect: Z=2.25 (p=0.02)

Fig. 5. Meta-analysis plot of the pooled odds ratio comparing native liver survival in severe lobular inflammation
(‘experimental’) vs. non-severe lobular inflammation (‘control’) groups.
Cl: confidence interval.
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Severe Non-severe

portal inflam portal inflam Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H, random, 95% CI  M-H, random, 95% CI
Gunadi et al., 2020 [30] 1 17 17 17 44.2% 0.00 [0.00, 0.07] «—
Nguyen et al., 2021 [33] 13 39 26 39 558% 0.25[0.10, 0.64] —0—
Total (95% ClI) 56 56 100.0% 0.03 [0.00, 3.22] mmm——
Total events , ) 14 43 | \ ) )
Heterogeneity: Tau"=9.54; chi’=7.33, df=1 (p=0.007); I"=86% J ! j !
Test f Il effect: Z=1.46 (p=0.14 0.01 0.1 1 10 100

est tor overall erfect: £=1. (P— N ) Favours [experimental] Favours [control]

Fig. 6. Meta-analysis plot of the pooled odds ratio comparing native liver survival in severe portal inflammation
(‘experimental’) vs. non-severe portal inflammation (‘control’) groups.
Cl: confidence interval.
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Fig. 7. Meta-analysis plot of the pooled odds ratio comparing native liver survival in severe giant cell
transformation (‘experimental’) vs. non-severe giant cell transformation (‘control’) groups.
Cl: confidence interval.

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 [65,30].

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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