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Background & Aims: Although liver fibrosis is an important pre-
dictor of outcomes for biliary atresia (BA), postsurgical native
liver histology has not been well reported. Here, we retrospec-
tively evaluated postsurgical native liver histology, and devel-
oped and assessed a novel scoring system — the BA liver fibrosis
(BALF) score for non-invasively predicting liver fibrosis grades.
Methods: We identified 259 native liver specimens from 91 BA
patients. Of these, 180 specimens, obtained from 62 patients aged
>1 year at examination, were used to develop the BALF scoring
system. The BALF score equation was determined according to
the prediction of histological fibrosis grades by multivariate
ordered logistic regression analysis. The diagnostic powers of
the BALF score and several non-invasive markers were assessed
by area under the receiver operating characteristic curve
(AURQC) analyses.

Results: Natural logarithms of the serum total bilirubin, y-glut-
amyltransferase, and albumin levels, and age were selected as
significantly independent variables for the BALF score equation.
The BALF score had a good diagnostic power {AUROCs = 0.86-
0.94, p<0.001) and good diagnostic accuracy (79.4-93.3%) for
each fibrosis grade. The BALF score revealed a strong correlation
with fibrosis grade (r=0.77, p <0.001), and was the preferable
non-invasive marker for diagnosing fibrosis grades >F2. In a
serial liver histology subgroup analysis, 7/15 patients exhibited
liver fibrosis improvement with BALF scores being equivalent to
histological fibrosis grades of FO-1.
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Conclusions: In postsurgical BA patients aged >1 year, the BALF
score is a potential non-invasive marker of native liver fibrosis.
© 2014 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Biliary atresia (BA) is a destructive, inflammatory, obliterative
cholangiopathy that develops in 1/5,000 to 1/19,000 newborns
[1]. The disease affects varying lengths of both the extra- and
intra-hepatic bile ducts, and is classified according to the level
of the most proximal part of the extra-hepatic biliary obstruction:
atresia of the common bile duct (type 1), hepatic duct (type 2), or
porta hepatis (type 3) [1,2]. To establish initial bile drainage, an
anastomosis between the bile duct and the gastrointestinal tract
can be created in certain cases (“correctable” BA, mostly type 1),
but hepatoportoenterostomy is more often performed
(“non-correctable” BA, mostly type 3) in such cases {2].

Hepatoportoenterostomy, first described by Kasai {3}, can
achieve initial bile drainage in 50-60% of cases [1]. However, liver
fibrosis progresses rapidly before the bile drainage operation, and
is an important predictor of outcome {4}. Even after successfully
achieving bile drainage by portoenterostomy, progression of liver
fibrosis may continue, leading to portal hypertension and cirrho-
sis [4]. Liver transplantation (LT) is performed when bile drainage
is not achieved, or when complications of biliary cirrhosis occur
[5]. Because of the progressive liver disease, long-term native
liver survival is only achieved in approximately 20% of BA
patients {4,5]. Thus, BA is the most common indication for LT in
children; moreover, portoenterostomy is believed to be palliative,
not curative [1}.

Because of the severe shortage of organs from deceased
donors in Japan [6], determination of the optimal time for living
donor LT (LDLT) is important for BA patients. To investigate the
postsurgical state of the native liver, we have performed percuta-
neous liver biopsies as part of the patient’s routine follow-up,
Because native liver fibrosis in postsurgical BA patients has not
been well reported, we retrospectively analyzed the histology
findings from 259 native liver specimens, and their associated
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data, in 91 BA patients. From this, we developed a novel scoring
system — the BA liver fibrosis (BALF) score - which is a non-inva-
sive, practical, and easily accessible potential marker of liver
fibrosis that is based on standard liver tests; its accuracy was also
evaluated by comparing with the pediatric end-stage liver dis-
ease (PELD) score, which is widely used for liver allocation deter-
minations [7], and the levels of several non-invasive fibrosis
markers. Furthermore, we evaluated serial native liver histology
in a subgroup of 15 patients.

Patients and methods
Study population and ethical considerations

We retrospectively identified 91 BA patients from whom native liver specimens
had been obtained between March 1993 and February 2013 at Keio {Japan) Uni-
versity School of Medicine. The patients had either visited our institution for an
initial operation, were referred to us for follow-up after an initial operation {42
patients), or had been referred to us due the presence of LT indicators (49
patients) after an initial operation for bile drainage. From the 91 patients, 259
liver specimens were collected by wedge biopsy during laparotomy {34 speci-
mens), percutaneous needle biopsy (161 specimens), or were obtained from
explanted livers during LT (64 specimens). From these specimens, we excluded
1 explanted liver because of a hepatitis C virus infection, and 18 specimens
because of liver histology findings (described below).

Development of the BALF scare was conducted from 180 histology examina-
tions obtained from 62 patients aged » 1 year, because liver biochemistry results
were likely elevated before surgery, and for a certain period after surgery, regard-
less of the liver fibrosis grade. Of the 180 specimens, the median number of spec-
imens obtained from individual patients was 1 {range, 1-11). Of the 62 patients,
28 {45.2%) were male and 34 {54.8%) were female. Type 1 BA was diagnosed in 9
patients {14.5%), type 2 in 2 {3.2%), and type 3 in 45 {72.6%); the diagnosis was
unknown in 6 {9.7%). The initial surgery for bile drainage was hepaticoenteros-
tomy in 6 patients {9.7%), hepatoportoenterostomy in 54 {87.1%), and an
unknown procedure in 2 {3.2%); the median age at the time of the initial surgery
was 64 days (range, 17-151 days). Selection of the study population is summa-
rized in Fig 1. This study conformed to the ethical guidelines of the 1975 Decla-
ration of Helsinki, and was approved by the ethical committee at Kejo University
School of Medicine (2012-173),

[ 91 biliary atresia patients

l 15 patients were studied
for serial histology

259 native liver specimens
Wedge biopsy, n = 34
Needle biopsy, n = 161
Explanted liver, n =64

Hepatitis C virus infection, n -
Inadequate sample, n=5

Exclusion {n = 79)

Unique liver hisyto!cy)gy"f‘;

Fig. 1. Selection of the study population. *Obtained from 62 patients. ““One
patient revealed unique liver histology findings, indicating ductopenia, accom-
panied by little evidence of fibrosis in 13 serial percutaneous biopsies.
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Data collection

The patients' clinical courses, documented pathological findings, and laboratory
results around the time of liver specimen collection were collected from the
patients’ medical records. Collected standard biochemical test results included
serum levels of total bilirubin (TB), aspartate aminotransferase {AST), alanine
aminotransferase {ALT), y-glutamylitransferase {GGT), albumin, and cholinester~
ase {ChE). Collected hematological test results included prothrombin time-
international normalized ratios {PT-INR) and platelet counts. These standard
biochemical and hematological test results were obtained for all corresponding
histological examinations. The PELD score {7] was calculated using the following
equation:

PELD score = {0.463 x {age < 1year") — 0.687 x Log, {albumin {g/dl}}
+0.480 x Log, (TB (mg/dl)} + 1.857 x Log, (PT-INR)
+0.667 x (growth failure < ~2 standard deviation™)} x 10

"Age was coded as 1 for children under 1 year; in other cases, it was coded as
0.

“Growth failure was coded as 1 for children, with height or weight <-2
standard deviations below age-specific normal values; in other cases, it was
coded as 0.

As a non-invasive fibrosis marker, the AST to platelet ratio index (APRI) {8]
was also calculated; a serum AST level of 35 [UJL was used as the upper normal
limit:

APRI = {{AST/upper normal limit)/{platelet counts (109;‘[.)§} x 100

The APRIs in patients having a history of splenectomy, partial splenic embo-
lization, or with biliary atresia splenic malformation syndrome were excluded
from further analyses. Direct serum fibrosis markers, including serum levels of
hyaluronic acid, type 1V collagen 7S domain, and procollagen type Hl amino-ter-
minal peptide (PHINF) [9], were collected for most of the corresponding histolog-
ical examinations. The normal ranges are <50.0 ng/ml for hyaluronic acid,
6.0 ngfml for type IV collagen 7S domain, and 0.30-0.80 U/ml for PHINP.

Evaluation of liver histology

Wedge biopsy specimens, »5 mm in size, were obtained by surgical resection
from the edge of the liver during laparotomy. Percutaneous liver biopsies,
> 1.0 cm in length, were performed with an 18-gauge suction needle under ultr-
asonographic guidance. All of the biopsies and operations were performed after
obtaining written informed consent. The biopsy specimens and explanted livers
were fixed in formalin, embedded in paraffin, sectioned, and stained with hema-
toxylin-eosin, Azan-Mallory, and Elastica van Gieson stains. Liver fibrosis was
evaluated based on the documented pathological findings that had been reported
at the time of examination by experienced pathologists, according to the META-
VIR scoring system {10] or the new Inuyama classification {11] as follows: FG, no
portal fibrosis; F1, portal fibrasis without septa; F2, portal fibrosis with rare
septa; F3, numerous septa or lobular distortion without cirrhosis; and F4, cirrho~
sis. Five specimens, containing no or few portal tracts, were indeterminate for
fibrosis grade. One patient revealed unique liver histology findings, indicating
ductopenia, accompanied by little evidence of fibrosis in 13 serial percutaneous
biopsies. When compared to the other subjects, the blood test results for this
patient did not correspond to the histological fibrosis grade; therefore, these 13
specimens were excluded from the analysis.

Development of the BALF score by ordered logistic regression analysis

To predict the histological fibrosis grade, ordered logistic regression analyses
were performed, using the histological fibrosis grades as ordinal data {Fg, F1,
F2, F3, and F4} for the dependent variable; the independent variables included
logarithmic transformations of the coliected standard biochemical and hemato-
logical test results, and age at the time of the corresponding histological exami-
nation. For multivariate logistic regression analysis, independent variables
showing strong correlations {|r] >0.7) to each other were avoided because of mul-
ticollinearity concerns. The equation comprising the BALF score was developed by
adding a minus sign to the regression equation for the logit of FO probability in
the multivariate analysis.
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Table 1. Baseline data, stratified by histological fibrosis grade, for the development of the biliary atresia liver fibrosis (BALF) score.

FO F1 F2 F3 F4
(n = 15) (n = 53) (n = 44) (n = 34) (n = 34)
TB (ma/di) 0.5(0.2-0.9) 0.7 (0.3-10.1) 0.8 (0,3-11.5) 1.9 (0.4-24.5) 7.2(0.3-30.1)
AST (IUL) 33 (25-83) 36 (18-550) 75 (22-251) 108 (35-1065) 181 (94-472)
ALT (lUiL) 22 (14-79) . 35(9-676) B4 (13-457) 86 (21-411) 133 (37-587)
GGT (IUL) 44 (10-102) 68 (7-1108) 142 (8-1384) 204 (66-1456) 317 (32-1817)
Albumin (g/dl) 44 (37-47) 41 (3.1-5.1) 4.0 (3.0-5.1) 3.7 (2.4-4.6) 3,2 (1.5-4.5)
ChE (IULL) 326 (220-598) 342 (97-567) 278 (122-581) 185 (46-335) 141 (43-323)
PT-INR 1.07 (1.00-1.21) 1.07 (0.91-1.47) 1.03 (0.86-1.25) 1.04 (0.86-2.01) 1,14 (0.89-1.48)
Platelet count (x 109L) 141 (70-356) 165 (52-372) 127 (45-392) 113 (56-446) 152 (42-524)
Age (yr) 9.7 (1.1-18.8) 7.0 (1.2-19.9) 5.3 (1.2-19.2) 7.4 (1.1-25.4) 2.4 (1.0-33.6)

Data are presented as median {range).

TB, total bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, y-glutamyltransferase; ChE, cholinesterase; PT-INR, prothrombin time-interna-

tional normalized ratio.
Assessment of the BALF score

After developing the BALF score equation, the score at the time of each histolog-
ical examination was calculated. The BALF score and other non-invasive markers
were assessed in the same population that was used for development of the BALF
score equation. We also calculated and evaluated the BALF score results in
patients aged <1 year before and after bile drainage surgery.

Anglysis of serial liver histology and the BALF score in each patient

Among the 91 patients involved in this study, 31 underwent histological examin-
ations at the time of their initial operation during the study period. Of these, 15
had repeated histological examinations when they were aged 32 years and these
patients were individually analyzed to obtain serial data. Among the other 16
patients, 4 underwent primary LDLT; 1 died suddenly at 11 months of age; 5
underwent LDLT before 2 years of age; 5 were <2 years of age at the time of this
analysis; and 1 patient, who had undergone hepaticoenterostomy for type 2 BA,
did not undergo a histological examination after reaching 2 years of age.

Statistical analysis

The categorical data are presented as frequencies (%), and the continuous data are
presented as medians (ranges). Correlations between the ordinal andfor continu-
ous data were assessed by Spearman’s correlation coefficient (r). For logistic

Table 2. Ordered logistic regression analyses for liver fibrosis grades, FO-F4.

regression analyses, the p value of each independent variable was determined
by the Wald chi-square value {Wald), which was calculated by squaring the ratio
of the regression coefficient divided by its standard error. The diagnostic powers
of the BALF score and the other fibrosis markers were assessed by area under the
receiver operating characteristic curve {AUROC) analyses; an AUROC of 1.0 indi-
cates a test of perfect diagnostic power, and that of 0.5 indicates a test without
diagnostic power, The cut-off values were determined by maximizing the sum
of the sensitivity and specificity on Youden’s index [12]. p values <0.05 were con-
sidered statistically significant. Statistical analyses were performed using SPSS
20.0 software (IBM SPSS, Chicago, IL, USA),

Results
Development of the BALF score by ordered logistic regression analysis

Baseline data corresponding to the 180 histology examinations
for the development of the BALF score, stratified by histological
fibrosis grade, are summarized in Table 1; the results of the
ordered logistic regression analyses are shown in Tabie 2. In
the univariate analyses, natural logarithms of the serum TB levels
provided the most significant coefficients (Wald =89.240,
p <0.001). In the multivariate analysis, natural logarithms of the

Variable Coefficient (95% CI) Standard error Wald p value
Univariate analysis : : i
Log, [TB (mg/dh)] 1.854 (1.470-2.239) 0.196 89.240 <0.001
Log, [AST (IUL)] 1.926 (1.493-2.358) 0.221 76.107 <0.001
Loge [ALT (IU/L)] 1.218 (0.886-1.550) 0.169 51.737 <0.001
Log, [GGT (tU/L)] 0.858 (0.617-1.100) 0.123 48.448 <0.001
Log, [albumin (g/d1)] -8.017 (-10.139--5.896) 1.082 54.871 <0.001
- Log, [ChE (1U/L)] -3.218 (-3.948--2.487) 0.373 - 74.527 <0.001
Log, [PT-INR] 2,627 (0.342-4.913) 1.166 5.078 0.02
Log, [platelet count (x 10%/L)] -0.299 (-0.799-0.202) 0.255 ©1.370 0.24
Log, [age (years)] -0.438 (-0.742--0.134) 0.155 7.994 0.005
Multivariate analysis T : @
Log, [TB (mg/dl)] 1.438 (0.974-1.903) 0.237 36.861 <0.001
~ Log, [GGT (IUL)] - 0.434 (0.159:0.710) : 0.140 .9.557 0.002
Log, [albumin (g/dl}] -3.491 (-5.805--1.177) 1.181 8.745 0.003
Log, [age (years)] -0.670 (-1.031--0.308) 0.184 13.196 <0.001

TB, total bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, y-glutamyltransferase; ChE, cholinesterase; PT-INR, prothrombin time-interna-

tional normalized ratio.
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Table 3. Diagnaestic accuracy of the biliary atresia liver fibrosis (BALF) score in predicting histological fibrosis grade.

AUROC 95% Cl Cut-off Sensitivity Specificity Accuracy
2F1 0.91* 0.86-0.96 1.96 77.6% 100% 79.4%
=F2 0.86* 0.81-0.92 242 86.6% 73.5% 81.7%
2F3 0.91* 0.87-0.95 4.12 83.8% 81.3% 82.2%
=F4 0.94* 0.90-0.99 5.64 94.1% 393.2% 93.3%
*p <0.001.
AUROC, area under the receiver operating characteristic curve.
serum TB, GGT, and albumin levels, and age at examination were . BALF seore *PELD seore
selected as significant independent variables. Based on the multi- =077 20r=068 ©
variate analysis, the BALF score equation was developed: o T 10 4 ° : E
BALF score = 7.196 + 1.438 x Log, [TB (mg/dl)] + 0.434 7 o o o R
x Log, [GGT (IU/L)] — 3.491 x Log, [albumin (g/dl)] E 2
- 0.670 x Log, [age (years)] L] o -107 % R
T T ] 201 T 1 I 1] T
Diagnostic accuracy of the BALF score F2 F3 F4 Fo Ft F2 F3 F4
44 34 34 n= 15 53 44 34 34
Table 3 shows the AUROC, cut-off value, and diagnostic accuracy APRI Hyaluronic acid (ng/rmi)
of the BALF score for each fibrosis grade. The BALF score had good 201 = 0.60* 100041 = 029, 9
diagnostic power for predicting each fibrosis grade (AUR- ’ ° ’ ©
0Cs = 0.86-0.94, p <0.001), and the cut-off values were calculated 154 © 800+
as 1.96 for a fibrosis grade >F1, 2.42 for »F2, 4.12 for »F3, and 600
5.64 for F4; the score provided good diagnostic accuracy in diag- 10+ o © 400
nosing each fibrosis grade (79.4-93.3%). 5 Z
£ 200
. N— & ; = 2 & 2
Comparisons of the BALF score, PELD score, and other non-invasive 0 0+
fibrosis markers FO F1 F2 F3 F4 FO F1 F2 F3 F4
n=15 49 39 31 28 n= 11 47 37 30 24
Fig. 2 shows the boxplots for the BALF score, PELD score, APRI,
and levels of serum hyaluronic acid, type IV collagen 7S domain, Type IV collagen 7S domain (ng/mi) PHINP (U/ml)
and PIINP vs. the histological fibrosis grade. Of these, the BALF r=0.863" ° 101 =0.24* o
score was most strongly correlated with the histological fibrosis 30 ° 8-
grade (r=0.77, p <0.001). The BALF score was equally distributed 8 o
from FO to F4. The diagnostic powers of the BALF score and the 207 e
other markers for diagnosing fibrosis grades >F2 and F4, 104 8 44 ° 3
assessgd by AUROC analyses, are shown in Fig. 3 For chtagnosm.g & % & ;{a 2 é % &
fibrosis grades >F2, the BALF score had the highest diagnostic o ° o
power (AUROC = 0.86, p <0.001), followed by the ‘PELD s<zore P M1 P2 B3 M Po Pt 2 Pa &
and the APRI (AUROCC=0.80, p<0.001), but the direct serum ne 11 47 35 50 25 n= 10 48 36 31 25

markers showed relatively low or no significant diagnostic
power. The PELD score, hyaluronic acid levels, and type IV colla-
gen 7S domain levels, as well as the BALF score, showed excellent
diagnostic powers for diagnosing an F4 fibrosis grade (AUROC
>0.90, p <0.001).

Changes in the BALF score before and after bile drainage surgery

The BALF scores for patients aged <1 year, before and after initial
surgery (n=31 and n =29, respectively), compared to patients
aged 1-2 years, after surgery (n=28), are shown in Fig. 4. The
BALF scores were apparently high before surgery, regardless of
the fibrosis grades. Even after bile drainage surgery, patients aged
<1 year showed high score values. The BALF scores in the patients
aged 1-2 years were comparable with those for all patients aged
>1year,

Fig. 2. Comparisons of the biliary atresia liver fibrosis (BALF) score, the
pediatric end-stage liver disease {PELD) score, and several nen-invasive
fibrosis markers. Boxplots show the median values with the interquartile ranges,
and error bars indicate the smallest and the largest values within 1.5 box-lengths
of the upper and the lower quartiles. Outliers represent the individual points by
circles. Correlations between the scores/markers and the histological fibrosis
grades were evaluated by Spearman’s correlation coefficient {r); *p <0.001,
**p=0.009. APRI, aspartate aminotransferase to platelet ratio index; PHINP,
procollagen type Il amino-terminal peptide.

Serial liver histology and BALF score in each patient

The status of the initial operations and the most recent histolog-
ical examinations for 15 patients are shown in Table 4. Cases 1-7
showed some liver fibrosis relief with BALF scores being equiva-
lent to FO-1; these 7 patients achieved good physical growth and
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Fig. 3. The diagnostic powers of the biliary atresia liver fibrosis (BALF) score,
pediatric end-stage liver disease (PELD) score, and non-invasive markers for
liver fibrosis. The diagnostic power of each scorefmarker was assessed by
calculating the area under the receiver operating characteristic curve (AUROC);
solid lines, for diagnosing »F2; dashed lines, for diagnosing F4; gray lines,
reference lines; circles, cut-off points (with cut-off values); “p <0.001. APRI,
aspartate aminotransferase to platelet ratio index; PHINP, procollagen type 11l
amino-terminal peptide.

social activity. Cases 8~12 showed the same grade of fibrosis in
the initial and latest histological examinations; 3 of them had
shown initial transient relief of liver fibrosis followed by worsen-
ing fibrosis, associated with repetitive cholangitis (Cases 10 and
11) or hepatopulmonary syndrome (Case 12). Cases 13-15
showed worsening liver fibrosis and relatively high BALF scores.
Only Case 12 underwent LT during the study period; Cases 13-
15 seemed likely to require LT in the near future due the presence
of severe portal hypertension.

Discussion

Although hepatoportoenterostomy can achieve complete jaun-
dice resolution in up to 60% of children with BA, liver fibrosis -
a prominent feature of BA - may continue to progress [1.4,5].
Although LT in children with failed bile drainage surgery is

<1 year of age

Before surgery After surgery
o F
0] o % 104 | &
6 = . |
6 - 84
4 44 ©
2 2
0 04
T T T T T T T T
F1 F2 F3 F4 F1 F2 F3 F4
n=5 11 1" 4 n=5 4 5 15
1~2 years of age
After surgery
104
8-
6_
2
N
=
0._

T i i T ]
FO F1 F2 F3 F4

n=2 7 3 3 13

Fig. 4. Changes in the BALF score, before and after bile drainage surgery.
Boxplots show the median values with the interquartile ranges, and error bars
indicate the smallest and the largest values within 1.5 box-lengths of the upper
and the lower quartiles. Cutliers represent the individual points by circles.

certain, the timing of LT after successful bile drainage is debat-
able {13]. In Japan, grafts for LT rely almost entirely on living
donors, especially from the parents of affected children [6]. Due
to the increasing parental age and the required graft volume
against the physical growth of the recipients, LDLT may not be
possible, in some cases. Moreover, one large Japanese study indi-
cated poor outcomes of adult-to-adult LDLT for postoperative BA
patients, and the authors encouraged proactive consideration of
LDLT at the earliest possible stage {14]. At our institution, hepato-
portoenterostomy and LT for BA patients have been performed by
the same team since the introduction of LDLT in 1995. To assess
the native liver status more precisely, we introduced liver biop-
sies as the gold standard method for assessing liver fibrosis, with
endoscopic screening of postsurgical BA patients. At first, liver
fibrosis was supposed to progress in most BA patients, suggesting
the future need for LT; only stable disease was believed to pro-
vide the patients and their parents with some relief. Thereafter,
we noticed that certain patients demonstrated fibrosis improve-
ment. Concerns about biopsy sampling errors were alleviated
by serial liver histology, thus providing more substantial relief.
The BALF regression equation suggests that long-term native
liver fibrosis in BA is influenced by the patient’s bile drainage sta-
tus, represented by the levels of serum TB and GGT. Some
patients, especially older children or adults, develop decreasing
liver synthetic capacity despite relatively small elevations in
serum TB levels (data not shown). Thus, serum albumin levels
represent a significant negative coefficient in the multivariate
ordered logistic regression analysis. Additionally, the age at
examination also showed a significant negative coefficient, sug-
gesting that liver fibrosis could be improved over time, even in
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Table 4. The status of 15 patients individually examined by serial liver histology.
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Case Disease type Initial operation Recent histological examination
No. Age (days) Procedure Fibrosis grade Age (years)  Fibrosis grade BALF score
1 Type 1 17 Hepaticoenterostomy F2 25 FO 1.26
2 Type 1 24 Hepaticoenterostomy F3 12.5 F1 1.17
3 Type 1 31 Portoenterostomy F2 684 F1 1.50
4 Type 1 55 Portoenterostomy F2 11.0 FO 1.26
5 Type 3 78 - Portoéhterostomy F3 33 Fi 2142
] Type 3 74 Portoenterostomy F3 18.3 F1 0.84
7 Type 3 74 Portoenterostomy F2 18.8 Fo 1.19
8 Type 3 47 Portoenterostomy F2 7.1 F2 2.44
9 Type 3 47 Portoenterostomy F1 14.8 F1 2.34
10 Type 3 105 Portoenterostomy F2 7.8 F2 2.20
11 Type 3 51 Portoenterostomy F3 8.1 F3 3.24
12 Type 3 105 Portoenterostomy F3 9.3 F3 4.84
13 Type3 56 Portoenterostomy F1 93 F2 3.94
14 Type 3 56 Portoenterostomy F1 7.1 F3 4.68
15 Type 3 57 Portoenterostomy F2 3.5 F3 6.26

BALF, biliary atresia liver fibrosis.

BA patients. Recently, liver fibrosis has been indicated to be
reversible in a number of liver diseases, but data for BA are lim-
ited [4]. A few serial liver histology reports from the 1960s to
1980s documented fibrosis relief in some cases [15-18], Thereaf-
ter, only a few studies have involved postsurgical liver histology
[19,20]; however, serial data have not been presented. In a sub-
population of the current study, 7 of the 15 patients who
achieved long-term native liver survival revealed some liver
fibrosis relief during the study period.

The BALF score is the first non-invasive fibrosis marker devel-
oped for postsurgical BA patients based on liver histology find-
ings, including the findings of percutaneous needle biopsy
examinations obtained from patients with good postoperative
courses. However, the PELD score was developed based on poor
outcomes, such as patient death or movement to an intensive
care unit, in children awaiting LT [7,21]. Although the BALF and
PELD scores share the same independent variables (natural loga-
rithms of serum TB and albumin levels), the BALF score results
were more spread out than the PELD score results in the low
fibrosis grade groups (FO-F3); moreover, the PELD score results
were more spread out among the patients with cirrhosis (F4)
than were the BALF score results (Fig. 1). Thus, the BALF score
appears to be suitable for all patients (FO-4), but the PELD score
seems best suited for severely affected patients, such as those
with cirrhosis (F4), reflecting the methods used for the develop-
ment of each score. The APRI consists of only two variables, is
much simpler to calculate, and has been investigated in relation
to prognosis [22], portal venous pressure [23], and fibrosis grade
[24] at the time of Kasai hepatoportoenterostomy. Maoreover, the
APRI was used as a surrogate fibrosis marker in a prospective
study examining steroid therapy in BA patients {25].

Although the current study contains one of the largest series
of native liver histologies reported for BA patients, several
limitations remain. First, the current study used liver histology
findings, obtained from liver biopsies or explanted liver examin-
ations, as reference parameters. Since biopsies are limited by
sampling errors {26] and observer variability {27}, the histologi-
cal results are subject to omissions and false-positive results. In
addition, segmental bile drainage, often observed in postsurgical
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BA patients [28] or small biopsy samples, may have resulted in an
increased level of sampling error [26]. Second, this study had a
relatively small sample size and a heterogeneous study popula-~
tion. Not all of the patients were evaluated by serial liver
histology, after surgery, and the number of examinations in the
same patient also differed; we analyzed the data from the same
patient as independent data. We could not provide a validation
group for the newly developed BALF scoring system because of
the small and heterogeneous study population.

In the present study, we developed a potential fibrosis marker
for postsurgical BA patients that is non-invasive, practical, and
easily accessible. Because of a lack of validation, the BALF score
should be further investigated with regard to its relationship with
several parameters, such as long-term outcomes, postsurgical
complications, and liver fibrosis. However, we believe that the
BALF score will be a useful surrogate fibrosis marker in a future
interventional trial.

Financial support

This study was supported by a grant from The Ministry of Health,
Labour and Welfare of Japan (H24-Nanchi-Ippan-037, Health
Labour Sciences Research Grants for Research on intractable
diseases).

Conflict of interest

The authors who have taken part in this study declared that they
do not have anything to disclose regarding funding or conflict of
interest with respect to this manuscript.

References
[1} Hartley JL, Davenport M, Kelly DA. Biliary atresia. Lancet 2009;374:

1704-1713.
|21 Nio M, Ohi R. Bilfary atresia. Semin Pediatr Surg 2000:9:177-186.

1247

— 361 —




Research Article

[3] Kasai M, Suzuki S. A new operation for “noncorrectable™ biliary atresia;
hepatic portoenterostomy. Shujutsu {Operation) 1959;13:733-738, [in
Japanese].

[4] Haafiz AB. Liver fibrosis in biliary atresia. Expert Rev Gastroenterol Hepatol
2010:4:335-343.

(5] Lykavieris P, Chardot C, Sokhn M, Gauthjer F, Valayer J, Bernard O, Qutcome
in adulthood of biliary atresia: a study of 63 patients who survived for over
20 years with their native liver. Hepatology 2005;41:366-371.

[6] Tanabe M, Kawachi S, Obara H, Shinoda M, Hibi T, Kitagawa Y, et al. Current
progress in ABO-incompatible Hver transplantation. Bur | Clin Invest
2010:40:943-549,

[7] Freeman Jr RB, Wiesner RH, Harper A, McDiarmid SV, Lake |, Edwards E, et al.
The new liver allocation system: muoving toward evidence-based transplan-~
tation policy. Liver Transpl 2002;8:851~858.

[8] Wai CT, Greenson JK, Fontana R}, Kalbfleisch JD, Marrero JA, Conjeevaram HS,
et al. A simple non-invasive index can predict both significant fibrosis and
cirrhosis in patients with chronic hepatitis C. Hepatology 2003;38:518-526.

[9] Gressner OA, Weiskirchen R, Gressner AM. Biomarkers of liver fibrosis:
clinical translation of molecular pathogenesis or based on liver-dependent
malfunction tests. Clin Chim Acta 2007;381:107-113.

[10] Bedossa P, Poynard T. An algorithm for the grading of activity in chronic hepatitis
C. The METAVIR Cooperative Study Group. Hepatology 1996;24:289-293,

[11] Ichida F, Tsuji T, Oniata M, Ichida T, Inoue K, Kamimura T, et al. New
Inuyama classification; new criteria for histological assessment of chronic
hepatitis. Int Hepatol Commun 1996,6:112-119.

[12] Youden WJ. Index for rating diagnostic tests. Cancer 1950:3:32-35.

[13] Kyoden ¥, Tamura S, Sugawara Y, Yamashiki M, Matsui ¥, Togashi }, et al.
Qutcome of living donor liver transplantation for post-Kasai biliary atresia in
adults. Liver Transpl 2008;14:186~192,

[14] Uchida Y, Kasahara M, Egawa H, Takada Y, Ogawa X, Ogura Y, et al. Long-
term outcome of adult-to-adult living donor liver transplantation for post-
Kasai biliary atresia. Am J Transplant 2006:6:2443~2448.

[15] Bunton GL, Cameron R. Regeneration of liver after biliary cirrhosis. Ann N'Y
Acad Sci 1963;111:412-421.

[16] Altman RP, Chandra R, Lilly JR. Ongoing cirrhosis after successful portico-
enterostomy in infants with biliary atresia. ] Pediatr Surg 1875;10:685-691.

[17} Kasai M, Watanabe 1, Ohi R. Pollow-up studies of long term survivors after
hepatic portoenterostomy for “noncorrectable” biliary atresia. J Pediatr Surg
1975;10:173~182.

[18} Gautier M, Valayer ], Odievre M, Alagille D. Histological liver evaluation
5 years after surgery for extrahepatic biliary atresias a study of 20 cases. |
Pediatr Surg 1984;19:263-268.

[19] Hasegawa T, Sasaki T, Kimura T, Hold M, Okada A, Mushiake §, et al
Measurement of serum hyaluronic acid as a sensitive marker of liver fibrosis
in biliary atresia. | Pediatr Surg 2000;35:1643~1646.

[20] Hadzic N, Davenport M, Tizzard S, Singer }, Howard ER, Mieli-Vergani G,
Long-term survival following Kasai portoenterostomy: is chronic liver
disease inevitable? ] Pediatr Gastroenterol Nutr 2003,37:430-433.

[21] McDianmid SV, Anand R, Lindblad AS. Principal Investigators and Institutions
of the Studies of Pediatric Liver Transplantation Research Group. Develop-
ment of a pediatric end-stage liver disease score to predict poor outcome in
children awaiting liver transplantation, Transplantation 2002;74:173-181,

[22] Grieve A, Makin E, Davenport M. Aspartate Aminotransferase-to-Platelet
ratio index {APRi) in infants with billary atresia: prognostic value at
presentation. ] Pediatr Surg 2013;48:789-795.

[23] Shalaby A, Makin E, Davenport M. Portal venous pressure in biliary atresia. |
Pediatr Surg 2012;47:363~366.

[24] Kim SY, Seok JY, Han §], Koh H. Assessment of liver fibrosis and cirrhosis by
aspartate aminotransferase-to-platelet ratio index in children with biliary
atresia, | Pediatr Gastroenterol Nutr 2010;51:198-202.

{25} Davenport M, Parsons C, Tizzard S, Hadzic N. Steroids in biliary atresia:
Single  surgeon, single centre, prospective  study. ] Hepatol
2013;59:1054-1058.

126] Bedossa P, Dargere D, Paradis V. Sampling variability of liver fibrosis in
chronic hepatitis C. Hepatology 2003;38:1449~1457,

[27] Bedossa P. The French METAVIR Cooperative Study Group. Intrashserver and
interobserver variations in liver biopsy interpretation in patients with
chronic hepatitis C. Hepatology 1994;20:15-20.

[28] Takahashi A, Masuda N, Suzuki M, Shimura T, Nomoto K, Suzuki N, et al.
fvidence for segmentat bile drainage by hepatic portoenterostomy for
biliary atresia: cholangiographic, hepatic venographic, and histologic eval-
uation of the liver taken at liver transplantation. ] Pediaty Surg 2004:39:1--5.

1248 Journal of Hepatology 2014 vol. 60 | 12421248

— 362 —



KR BBIR - FEIRDET - IBERE

HMERFAZ

cheg BRRED

[FUBHIC

HERBOMAEEHLZFRETHHP, wkd
HERBII BV THRED, SFRE~E &,
BEELREAZ LY, FBHEMTORTL Z0HG
RIZTOREEICE &% 5, BHEIFA£ (acute liver
failure: ALF) 13, —B 2 OIS &, £bh
T L AR RE 2 S RIS EH & ¢ 5 B
., KBEEZ22KREBEOERVLERTRT
Hb. TEBALFORREBRARS F I LKA
LR oTHEY, RIFEOBVERERFED
RARBEHAEHOBREBRIIETH B0, KHE
DFETERVERNDSSHFET 5. —HoRH
BNV R BYHE R ETIRNHEICRERE
BETIZELILEL o THCHZToTHETAHE
EHURETH B —F, B ME—OMEFRE
LB ENE G, FD2H, EEOUWUTIZ D Dbh
5%, HrERALF OBRBIEHERBELE L LR
DU > SNEFEEROEMR, BLUWBH
M RE MR E L TITI S EHEE Luy,

REER

Frebid, FHROEM - B, 50K
BREEEECL Y, HROAK, RE, BIU
BLEEAET LA RETH S, BEFFLTIR
SYATIF—E¥HEOLE, BYYNVE YIME,
MmEEEETEARICETL, EEbcH-s
THA, SHEBEE S OIIEREE(FERE) %
EOEREET. O LEBERBE»S S
BURICEEOFRBERECESWT o by
DL #9159 ABKFEREREABRENEH

T 630-0293 FERAEBIHZHAT 1248-1
E-mail address : mushiake@nara.med kindai.ac.jp

BEBES Vol.44 No. 10 2014-10

¥ UREA40% T, ZWLIZINRELSBLE%
RTLOMNALFLEFEENS ), 512, ALFIX
FERESRD bk, B LIEZEEENFIE
T COMIREAE 1L, &0EDEL EORFEREZ
ETAH[EER (VbW s RERIA2)ICHES I
Bo LAL, /MR, JRICHA IR TR E O3
Wi BEH T, WHROTFMEI DS VD, 5
ER IS FROFRICOPDLTEELERLL +
FFULTEFREOBEZTI LVERTH
%o

MERFA2ORENRIE

FERBCEFARASIC L AEFRZZORE
Lo TRRB, BERUEBIHESCTHHEEANE7 O
P—=3 A, —8DOI bary ) THERRRET
BFENDLORESERT CIUERE 2> TH
ha, MR L VARYE, HEHNEINVY
EROBRBERICBETAIRBREEN T 7 b~
e, BEEREATE 7o d viE) T
i, HABERICEEESALRERV, MBEHRE
B, RENECERLARORAOFESR LI
WCOFM 2 RBEERSEETH 5,

DTS, HERICBT IR E0RENEE
kT 523,

1. —RBEHRER
MEICIKESRS 2, WILEYF D2, ERL
v, FREMINTRE Vo LFHENLERL
PHRONEVIEDE V. WENBRREIRITEE
T, FICREREECTEEENZLALHBIR
LRWEELH B, REDERIITLAENTH
NBEBET, MEICHTAREAZ L, HlE

1279

— 363 —



R BT & v o T EE D IE % BEb € 5 2%,
A RBICHFEEEOETERZ ERNICIEET 2
CLERBETHE, BEZETIHAE BEL
D ETHEL, HB5VIIENEERE) NETH 2,

2. {EMm¥E

AR -FLBTEIT Y. YY) a-4 U ER
B2, BHERDEVDIFASRETIR
ARG D o3y, (M BRR B R o S
RN A= ABEEFBP LEBCEREL2OT
EEFILECTH S,

3. MERBRESE
FAEBICBOTLHEERORELALBEIC
2, FTEYIVKRZEZBEIRETHY, ¥y
I VKOFFIZ L AAESRD 6N T UIFR
£LEZTHEEZHZ 20820 IR SR, —
B, FAECRIEESEERETFOET & & b IChE
BREF(7ryFburvy, Y54 rC 7o
T4 v S)DET SFEMNCED, 20120, ¥k
BRTIIRBHZLELCI/MBIC X A Bl 2Tl
HIIEROFEEICK SN W EEERY
BEThb,

4. REHMETESYC bhoVME
FCORMBEEDET LIFPRBEOETICX
0, Wik AREREE SICET 5 0B R
FHEBELL TV —F, FAERETEES
ENHA b A4 Y OFTORBENET LT
70, EEBREDIOETA bA A Y MESFHYE
Shd, T, BEREIFBHEOBRERL
D, MIEICES L SBRRENOERD LHA&
KEFELIETT %0

5. BHEEHET (FHFEERE

WhW 5 IFEEREE, MIREITECHE) B
MEQOWERIEEE LY, FRIIFLTL = -7
VEFFUYY, XNYTLIYsRATFATIVER
PEBTAI LI ZEMERETHENES
BERTHLH, BREETIEERREIES
HOMEETRPEAOTHELLRRE RS,

1280

6. BXFRECINAE

BT vES 7 MIE, ENaliliE, REEY 1 b
A D LR %o L RIEEOWMARIRIE & e
DOHLHLZERE RS, BR7A ba¥r4 MET W
FIVEENPSTVEIVEERTAIEICLST
TR TRMET S, BT vESTMEORY
TTWET7AMaYA POV I VRELLED
WKEREEVER L CHIlRELZELTEEILN
T3, FAERPLILETCIRMENEOEBEAT
ELRLTWDIIH A a4 ORBEZTRT
<, BRERBIIB 2BEOETIIERERK
AL TRARETH B,

7. &E

HWEORERSFSEFC, FICRBRYETIR
BEMILALHBCZOLRVWEEDIHS.—F,
BERBAE7OT =Y A% ETIRET mg/dL
WETAHI LD B, BEELFFAETIRAMESE
D—HWELTEYVE VHREEPET T 5100,
BEYLVEICEDBEHZECY LE YD IED.
bil/T. bil L) AMET 94 5 & & BIFARED T O
Beibd, UL, FrAERCIERNICHIEYY
WVEVEMOEENED S0, EHEICIEHIR
PE L o

8. FiEX
BAERICERL T FROZEMHE, NETH
BLEEZRELOBEOVDEOTH LD, K1
W FEROFRBTRENEREZETIO
AR, BEREAKE Vo FRETEICHES
BEERHCHEZE LR ) FERAEZOY
P AREFO Y YMFETHEDLNS,

9. Z0Dfth

SHREP S U EICELIEEDO NS V27
IF—VEOLAE, 74V ABRERLEH (hiE)
%, B2 WIZIEEEEIC X 5K 2 g E,
B RT3, IS, ZLORBKRETE LS
VAT IF—VLERIPEELTIILEEHL
M\,

BERES Vol.44 No. 10 2014-10

— 364 —



R1 FERFA2ORERERSBE

BFOY VMG 2

RO O LRBE

R

ﬁéi;%T 5

HAV, HBV, HHV-1,
adenovirus, enterovirus, parbovirus 19, paramyxovirus DIUEFEA (&
R&B), MERE

2 6 CMV EBV HSV, VZV echovxrus

s, 158 (VDRL)

REEERIDEODRE

ALF O BISHRE, B, ki, BOME,
WAL, BIUBEHEEORDICHTHI LN
T&h, 2O bLHAERTIIAHER LKL
WHUEHE V. RAEOLERA(1995~2010
E) TR ISR OaMIFr2EM 63 ik, mE
AR E S NIEREEY - BB E &0 T
(54%)T, 2D b 4 W ABKSA 166, 1CH5E
BR12BITH 57245,
FUCHAERBALFOBRRE 2V BB ZR
CLOBWICHERRBEREE LRSS, Y MY IR
BREOBERTERNZBETHLOIENS
, —MICFHRBIFTHAHH, FLIBHEIFD
BHMALPET L CHBHEOEIR L 255608
%o BF U Y VIE I BRI ETRBERNID

BESES Vol.44 No. 10 2014-10

2l WShhmigEra s Ao EREETD o
WRIFOMMILERETL2DODRPY 7 =7

b o PRSP TO 7Y VT B MR
F?w%Wﬁ?%ﬁ%§h&m%Iﬁ%%D?y
MAEAFEER S B A%, Rl 2 B K R 5 A T
Hbo

PainYa} -4

R R R D o W HE IR Sz b
T EREEEF 2y 2 T5, 7o bor Vg
MoOEEFHD L, FTFE ¥y I v Koks
ATV, 5B 2B TEELREEN Y, 2
aé%&%%Tﬁ 2 LN ABEICIE, AR

i < B o TN RIFE B O R 2 HREA TR %
%%&%«%ﬁ RETHbH, FRIC, THOHE
EACHR L 72 s is % & 57,

1281

— 365 —



K2 BRRICHY DHRVER

N , NTBC{2-(2-nitro-4-trifluoromethylbenzoyl)-1,3-cyclohexanedione).,
BFO>VDE & SITLPS=Y - FOVVEBESILY
HS5 0 b—RIE HS50 b—ABREGBRESILD)
WBEMERIBRTHE 848, voEkE

\ . FRTIS—S, LY, FORIISYIVE, EIIVE HYvoO
HFERNEOIOV M=V SUYABEE
PP/ DI VRES N-FPEFILIRFA*
BT LR ;ﬁbzaéﬁ:" NUDL, PILFZY, mEEKHR, £EEERST, EORES
BN U 2R FPIH0EN
BEUFFR SZTYY, TVFHE, PFI24EL
MBRBBERE, TOD77—YEH [ EBFE(T MRYR, FEUXYYY, YHO0RARUY), KEMeFEHRB
{LIEIRBE ]

N-ZRFII ATV *BZOBDEBICE D ALFICEEDEDREDHD.

» AT Y b= AMFESTETE S T TILRE 3
N2ENT 5,

< MUEE &R AN F 2 v 2 L, #IEIC%D
5o

CRHER=Y ) . Flldb T o ARVIFIER R
95,

c WAV RADBMEZEE, #EZAZ02S
T Y7 u L EHEE TR 5,

< BHEOHBHEMIZF = v 7§ 5 (J%IZ HBe B
KB RER D & O IR A JIT B RE) o

- JHALE B 2 Hg & LTl o S
=Wy %0

- BHTHE AR 2 T h IR D IRL L kv,

B ERMETEER 2 IDRT, AT
H o EFA TR BRIF£RMANL 2 DB
RERGBUIN LTI I TV U R7 v 7 ua ok
L. % 15 o TRV EED S dy « R LB
IR SR TWb, F/o, MIRAAREBERFIC X
B ARG T SRk R LN DR 3 5
BEPBPhihov, MIALFOEREE LTHEKT
LB EDBETENT I 72 VIFREEREYSE
TIIFE A EHEY VDS, TS B4R
BMBEELTHOONAN-TEF LI AT >
(3 baryFy7EHBEMNO 7V ¥ 54 Vit
BEDDHI WL BPWHE LTENT )

1282

i, FOEPOEMIZL B ALFIZBWTHHOH
OUET, BRI AR L BRIBOLFR T YN
BW/ L OWNH B,

AT hBIREAC HFRAE

A7 BUNFREEED v, BBV F-TH
LW T E L VIGA O S AR HEIHI AN
W L B TH 5. TDETIRECR L Y A
IR (i bR) 25k LT D, &
W, ARG FD) TN — 4 2 HF—F LRP:
W MR O eI, PR ENT & 7 A A%
FEENWMTARE 2o TV b, MUK LIHETIE
Y LBy — b RS A 2 EAEETH S
B P TIE— BRI iEs S L SIKF L2
RIS A &, v— MHERLE PRASRIME & 2 - T
MR IERENELTO Y X 7T S0, AESA
FEICRELTTE AT RODDO L — FMERICH
HEXETHAY,

—fic, AL & L Cid s kT4
A LR 18 B 2 4 5 Y T L% S P (plasma
exchange : PE) & 17\, #& T fRICHRH L TR
%8 5B 47 (continuous hemodiafiltration : CHDF)
PITFHhND I ENE V. NMREMERRRANTY
LZHRLET Yy Eo7TMENBENRD HILS
OTC &84 Tld HFD F 721X IEBGERT (peritoneal
dialysis : PD) % @EINE N5, :

BAERRESR Vol.44 No. 10 2014-10

— 366 —



ANTHFah Bt s DR I & » TEMER ALF (3
EFFE)ro0EEDHVES. LU, HFER
PR TP RAREEL RS TR T L0
KIRRPEYVFBHEIBRLENLEBFEECH S,
MNREFENRBE LARETIE, HKE JkER
RSB BB ALF ST 2 B HEMEITRE, £
NENAL%, 57%, 74% & BEAEPRDL BV,
NICEREZOWA GBS FI—, 2o THRE
ZEBLIZV]EVSHLEEHLZ LHE T
&, FRERBRHIEIEoTWLZEN—FLE
BoTnWbEEZ N5, IMETRINBHEHD
AP TH AR T 2 BB N L
L. 2008~20104 D3 EMERF E LKA ET
ORETIE, H52H ARWNFED ALFSIER
S5PUCK U CAERFBHIIIT SN, ) 405K
WENTBY, T THHEBOBRICBWTAER?2
BRI, FE2,700 g RO BRI 5 EAHHIF
BHIPERIL TV S,

220, ERBHIE FF—2BTHD TR
LEDHEBETH L, 200, FHEICBRY Y
WELRBWEEELHEL, KR LTHMRE
B & R EAT bR T IE R b v, HiICH
AR - LR CIRSSE D S PR AR REE 01T A5
Wiz, FIEZH & HBEE D % LRI
DT =Ty TreER L EREEILETH
5o

HHHIC

FAERBECER LFREIC 20T, EFES
CORRBBOZERAFTREL 2 h, —EOBAE
RABRE TR BRI & o THa - BEHT
L RoT&L, —F, RERRAHDERNG I
2%, REBROZWERIIHLTEELD
LR —ORGHERE 2O EH2HR

BERES Vol.44 No. 10 2014-10

Vo LAL, BMEFICHEHFEROFBHEELLEE
PEBICHET AR R L, FESHICES
WTFHl Eh 5 - THeE, BLOEMNCS
G AIFTERE, PR EORE, R
BOEPHED LREMICHE T2 Lakv, £
X6, ALFOFH - 2BEESBHAINLZ &
& KRB IFRRED & BT 5 Wk
PRERBICGERMETES XS, EARLORYE
R T Z RIS,

SRR
1) FEE A FENHER, AL b RASENC B B
[RPEIFR &IOS, BRELORE : e Y

HEnre R aibh & (BEn iR B RDFEY R [ #EH
WO - JRERBICHT 5B, 7—F> 7
I h—7-1, . FR52(6):393-398. 2011

2) Squires RH : Acute liver failure in children. Semin
Liver Dis 28 : 153-166, 2008

3) Dhawan A, Mieli-Vergani G : Acute liver failure in
neonates. Early Hum Dev 81 : 1005-1010, 2005

4) 3 BoRRRER £ (B o2EBE. [#
HYEONT - BB BB ¥ % P AIFFE 10K 17 EREHF
RGN

5) MEEPHE:HATAFIA Ly OARBERAE~NDHE
I~ 85 2 SR A S B E T FE i Bh & (RER A B IR
WFFEs ) MmOl - JRER BN 5 HEDE—
SR 23 SRIERHR BT RS, 2011

6) Shanmugam NP, Bansal S, Greenough A, et al : Neo-
natal liver failure: aetiologies and management. state
of the art. Eur J Pediatr 170 : 573-581, 2011

7) Sartorelli MR, Comparcola D, Nobili V : Acute liver
failure and pediatric acute liver failure : strategy help
for the pediatric hepatologist. J Pediatr 156 - 342,
2010

8) Kortsalioudaki C, Taylor RM, Cheeseman P, et al :
Safety and efficacy of N-acetylcysteine in children
with non-acetaminophen-induced acute liver failure.
Liver Transpl 14 : 25-30, 2008

9) KA, BB BOKEE, b ARG
EORFENEH L LERFBHALE. HRPERE16:
279-288. 2009

1283

— 367 —






/NERZEE OO EIRIERTIREEE BT 2 AEMN RS

BRI A BT A ARERIZ BT S EHE

K 4

Bt B =

B R ORE

- ER

FAERFRFREFRPESR - NEAREST

L

wH B
B #®
TR AR
e g
LiwlIE N}
HE E
ferk #z
BE A
TR MR
Bt H
HEE OB
WE  HR
& EE
#k Bt
R OEA
R 5
mp g%
AE  EfE
biiv ]
AT H&
s 4
Bk -
[ioa:: Y
i v S 3]
nigE A
i
iV S
T &5
BH @k
[z
HE M
g EE
B Ok
Pv .
HRE 1=
B B0
BE KRR
KE R
wiE ¥
BE OEEE
FHE %
kAR
ah K

ERMERRKE - BEER

A E BT SIRERFREFNRER « 2 FiREnE
BRBLLHBIER 3 0 =— - REEEER - DRAF
(INRRT - B2 - )

B ) 7 UFERKY - SRE - N
BRI T 2 G RBR AR « INERIE  NERTRI LSS
RMKEERBE - INEAF

SCLKEERE - R

ERFRERETIILE - BEAR

SO BARE

IPEE

BRIRTI N RS - BRI

BT ER K2 - NS
FRKEEMLRATRE - NEAESE
RMRAEASE R - MRS

BRRT T & LR - ARRDRS
PRKEESERR - NER

T KRB RERRE R - NEARES T

B = T RN EoE

S S BT - /N
AMRERERE - AR T Ere > 4 —

AR AL AT ERAOE - R TR ERERREN T
SAKFERENIREMIE R s 5 — KAl - R

MU STAT B A KBRS SORTRA A B SR TR B S R AT &
vy - e - PR

IERERFEES - DRF
RRIMERAYE - BRRINERSRE « AEAR
RERERREE « NER
ABEARRFEEMAFIETE « /NESFHEM
ES R EERIEE ¥ — - FHigAe
BHEBBARFESR - S (NR)
2B K REBREEMER AR - NREFSE
RERARFEREY - NRES
ERRKRFEFE - DA
HALKSFRFERES R « NEREES T
FALKREREREERFEH - NEREES T
KIRRF SRR - REEHRE ¥ — - NER
FASBRETREAR - /NEFRHEER
ERRFEFRZ R - /NAR
ERRFEERRRAPE /NS
KIRFSIRAERE V& — « NEPSRREFESE
WBHKREERE - IWEREHR - R

ERKRF  EFREFTRREFER
FEAKRFERER - NS - BHEABFESE
FRRKFERFREERIER NS

s
B

e

Sk I oG o B

=

= om

&

=¥ s womm w8

8

m

ooR % E

At TR
FE BT
R AR
eF B
#H EA
@A eE
il %
ik N
E
Jallle ¢S
FE R
# A
B —E
AR EA
B
RE E£E
I
fuE ZEk
EE g2

TR R/ NRAEL - NRANEEA R

ES R EERPE L & — - FFRnF
FALKEERRE - /NRSE

B REERPRY V¥ —5F
HRIRSLZ E B ERE ¥ —4
IERERFESSR N

FU KRR - /N

B R - NRAR
ABRKEFRE - HEBER - HER

A HBTNREREREEFARTER - NAEFLSH
HHEREEFRERD R RFED G
BRRERER - BERPENS TEMBEEEE
KIRRE - INRA
WBLKEEESFI RS | 82
IRREEEAPEHES 1 5=

TREB KRR NEAE - NRNRSESR
(LSRR R HB AL - ATE - —4H
FWRFERER AR ST TR

BALRFE KRR EERHER - NEARELT

3t
g B8 E

*

S

bl

- G R A

SR
8

B o X E
E]

S
I w B

R R EE I E R R

HE

=z

HE HE

— 369 —







