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Complications Related to Bile Duct or Pancreatic Duct
After Congenital Choledochal Cyst Excision

Hiroaki Fukuzawa, Jyunkichi Takemoto, Akihiko Tamaki, Keiichi Morita, Tamaki Iwade,
Yuichi Okata, Kosuke Endo, Yuko Bitoh, Akiko Yokoi, and Kosaku Maeda

Department of Pediatric Surgery, Kobe Children’s Hospital

Recently, some complications involving the bile duct
or pancreatic duct have been reported in patients with
choledochal cyst. In this series, complications involving the
bile duct or pancreatic duct in patients with choledochal
cyst treated in our institution from April 1995 to December
2013 were investigated. Moreover, the shapes of the bile
duct or pancreatic duct in these patients were evaluated.
Five cases of bile duct complications and 3 cases of pancre-
atic duct complications were identified. Three cases of bile
duct complications were associated with intrahepatic bile

Key words: choledochal cyst, pancreaticobiliary maljunc-
tion, stone, pancreatitis, complication

Correspendence to: Hiroaki Fuhnwzawa, Department of Pediatric Swrgery,
Kobe Children’s Hospital, 1-1-1, Tahakuradai, Suma-ku, Kobe, Hyogo,
654-0081 JAPAN

duct stones. In these 3 cases, intrahepatic bile duct dilation
and intrahepatic bile duct stricture were found during a
definitive operation. In 2 cases of pancreatic duct complica-
tions, a protein plug was identified in a common channel in
the patients who pancreatitis after a definitive operation.
Regarding the shape of the connection of their bile duct
and pancreatic duct examined during a definitive operation,
a very narrow distal bile duct was connected to a dilated
common channel, and a protein plug was observed in that
common channel. Another case of pancreatic duct compli-
cation was caused by incomplete pancreas divisum, and
endoscopic sphincterotomy of the minor duodenal papilia
was performed. Patients having a dilated common channel
containing & protein plug detected during the definitive
operation may have a risk of pancreatitis after operation and
should be monitored closely.
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Fig. 1 Transthoracic contrast echocardiography  showing
microbubbles from the pulmonary artery returning directly to the left
atrium (LA). LV, left ventricle; RA, right atrium; RV, right ventricle.

Fig. 2 Lung scanning with **"Tc-labeled macroaggregated albumin
showing cold areas in the peripheral lung fields. The rate of right-to-left
shunting is 35%.

accepted as the first-choice therapy for BA, and 38-62% of patients
will achieve initial biliary drainage after hepatoportoenterostomy.'
But, given that intrahepatic inflammatory processes continue for at
least 6 months after hepatoportoenterostomy, even patients with suc-
cesstul hepatoportoenterostomy will have some progressive hepatic
fibrosis and cirrhosis.” Consequently, various complications, such as
portal hypertension and HPS, may occur in the long term.

© 2015 Japan Pediatric Society

Hepatopulmonary syndrome is a disorder of altered gas ex-
change induced by abnormal intrapulmonary vascular dilatations
and/or arteriovenous fistulae associated with hepatic disease.” This
condition allows the passage of mixed venous blood rapidly or
even directly into the pulmonary vein, and an arterial oxygenation
defect will occur.? Tn the present case, arterial deoxygenation was
severe, and transthoracic contrast echocardiography and lung
scanning with %*"Tc-labeled macroaggregated albumin indi-
cated prominent right-to-left shunting. There is no accepted
effective medical therapy for HPS, and liver transplantation is
the only successful treatment.” The median survival of patients
with severe HPS without liver transplantation is <12 months.*
Because of the severe mortality of HPS, partial pressure of
oxygen <60 mmHg is considered to be an indication for liver
transplantation.” The present patient was suitable for liver trans-
plantation, and the preparations for transplantation proceeded.
Given that the patient had a brain abscess, which delayed liver
transplantation, further immunosuppression after the procedure
will complicate management because recurrence of the infection
must be taken into consideration.

To the best of our knowledge, brain abscess in HPS has been
reported in three patients in the English-language literature.*® Only
one of them was a pediatric patient, and he had HPS associated with
BA, as in the present case.® The mechanism by which HPS caused
brain abscess in the past reports is not clear. In our view, the presumed
mechanism is right-to-left bacterial transit through intrapulmonary
vascular dilatations and/or arteriovenous fistulae. This is supported
indirectly by the following two facts. First, the most common predis-
posing factor for brain abscess in children is cyanotic congenital heart
disease: 30-34% of patients diagnosed with brain abscess have
underlying cyanotic congenital heart disease.” This suggests that
right-to-left shunting increases the risk of brain abscess. Furthermore,
other common predisposing factors for brain abscess in children, such
as hematogenous dissemination from a distant infection focus, spread
of contiguous infection, penetrating cranial injury, or past neurologi-
cal procedures,” were not found in the present case. Second, brain
abscess has been reported in other diseases that cause intrapulmonary
right-to-left shunting and which resemble HPS, such as hereditary
hemorrhagic telangiectasia.'® Hereditary hemorthagic telangiectasia
is a vascular disorder that causes recurrent epistaxis, mucocutaneous
telangiectasia, and arteriovenous malformations in various viscera.
It has been found that pulmonary arteriovenous malformations in
hereditary hemorrhagic telangiectasia often connect a pulmo-
nary artery to a pulmonary vein, bypassing the normal pulmo-
nary capillary bed and forming intrapulmonary right-to-left
shunting.'® Furthermore, decreased immune defenses due to
cirrhosis and an arterial oxygenation defect probably contrib-
uted to the development of the brain abscess in the present case.

In conclusion, brain abscess in HPS associated with BA is uncom-
mon, but it can cause serious neurological deficits and complicate
subsequent liver transplantation. Brain abscess must be considered
as a possible complication of HPS with BA.
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Fig. 3 Brain magnelic resonance
imaging showing a right parietal brain
abscess (arrows) that appears (a)
slightly hypointense on Tl-weighted

weighted imaging.

imaging and (b) hyperintense on T2-
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Abstract

Key words

Zellweger syndrome, one of the peroxisome biogenesis disorders, is an autosomal recessive disease caused by mutations in

PEX genes. Tt is characterized by severe hypotonia, failure to thrive, psychomotor retardation, liver dysfunction, and senso-
rineural hearing impairment. Most of the patients with this disease die before the age of 1 year. PEX]4 is the 13th PEX gene
responsible for peroxisome biogenesis disorders. Thus far, only two patients with PEX/4 deficiency have been reported.
Here, we report the first case of a Japanese patient with a PEX/4 mutation who showed severe hypotonia, psychomotor
retardation, demyelination, and developed rickets at the age of 5 months. An increased excretion of 3,6-epoxydicarboxylic
acids leads to the diagnosis of Zellweger syndrome and a mutation analysis of PEX14 revealed a homozygous mutation of
¢.538C>T (p.Q180X). The patient survived for a prolonged period of time but died of liver failure at the age of 46 months.
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Peroxisomes are single-membrane organelles that contain
many of the enzymes necessary for P-oxidation of fatty acids
and synthesis of bile acids.' PEX genes encode peroxins neces-
sary for peroxisome biogenesis and peroxisomal protein im-
port. Mutations in PEX genes lead to peroxisome biogenesis

© 2015 Japan Pediatric Society
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Scoring system for the prediction of severe acute pancreatitis
in children
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Abstract

Key words

Background: The lack of an accurate scoring system for pediatric acute pancreatitis could cause delays in appropriate
clinical management and increase the risk of progressive life-threatening complications. We investigated a modified
Ministry of Health, Labour and Welfare of Japan (JPN) scoring system that uses pediatric systemic inflammatory
response syndrome (SIRS) score, age, and weight to establish a more useful scoring system for children.

Methods: A retrospective chart review was conducted of pediatric patients with acute pancreatitis who were admitted to
Juntendo University Hospital between 1985 and 2011. The sensitivity, specificity, and positive and negative predictive
values of the pediatric JPN scoring system were calculated and then compared with those of previously developed
scoring systems.

Results: The patient group consisted of 145 patients (88 girls, 57 boys). The pediatric JPN score had greater sensitivity
(80%) than the Ranson (60%), modified Glasgow (50%), and DeBanto (60%) scores. The specificity was 96% for the
pediatric JPN score, 94% for the Ranson score, 99% for the modified Glasgow score, and 86% for the DeBanto score.
Conclusion: The pediatric JPN score can be used to predict severe acute pancreatitis during the initial medical
assessment.

guideline, Ministry of Health, Labour and Welfare of Japan (JPN) scoring system, pediatrics, severe acute pancreatitis,

severi ty assessment.

In 2002, DeBanto et al. were the first to suggest a scoring system
for predicting the severity of acute pancreatitis (AP) in children.’
This system was modified from the Ranson™ and Glasgow
systems® and consists of the following eight parameters: age (<7
years old); weight (<23 kg); white blood cell count at admission
(>18 500 cells/uL); lactate dehydrogenase (LDH) at admission
(>2000 U/L); 48h tough Ca®* (<83 mg/dL); 48 h trough
albumin (<2.6 g/dL); 48 h fluid sequestration (>75 mL/kg per
48 h); and 48 h rise in blood urea nitrogen (BUN; >5 mg/dL).
Patients who met three or more of these criteria were predicted to
have a severe outcome (Table 1). This scoring system, however,
is not exact for Asian children.® Recently, Lautz er al. reported
that the Ranson, modified Glasgow, and DeBanto pediatric scores
have limited ability to predict AP severity in children and ado-
lescents in the USA.7 Assessment of severity at the initial medical
examination plays an important role in providing adequate early
treatment and transferring patients to a medical facility equipped
to treat severe AP. The lack of an accurate scoring system for
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pediatric AP, however, could cause delays in appropriate clinical
management and increase the risk of progressive life-threatening
complications.

In 1990, the AP severity scoring system of the Ministry of
Health, Labour and Welfare of Japan (JPN score) was developed.?
The scoring system was partially revised in 1999 and revised
again to the current version in 2008 (Table 1).>® The current
criteria consist of nine prognostic factors and/or computed
tomography (CT) grades based on contrast-enhanced CT. This
system, however, does not reflect the characteristics of children
and adolescents. The JPN score criteria (2008 version) include
two parameters, systemic inflammatory response syndrome
(SIRS) score and age 270 years, that make the system inappro-
priate for use in children.’ Similarly, the Ranson and modified
Glasgow scores contain a parameter concerning age (255 years)
that is not appropriate for pediatric patients.** In the present
study, we investigated a modified JPN score that reflects pediatric
SIRS score, age, and weight to establish a more useful scoring
system for children.

Methods

The current study was a retrospective chart review of all children
and adolescents (<18 years of age) with an ICD-9 code of 577.0
or an ICD-10 code of K85 who were admitted to the Pediatric or
Pediatric Surgery Department of Juntendo University Hospital
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Table 1 Comparison of parameters of three scoring systems

Parameter Pediatric JPN scoring system JPN scoring system (2008 version)’ Parameter DeBanto score'
1 BE < -3 mEq BE < -3 mEq
or shock (Table 2 lists SBP or shock (SBP <80 mmHg)
depending on age)
2 Pa0, <60 mmHg (room air) Pa0, <60 mmHg (room air)
or pulmonary insufficiency or pulmonary insufficiency (ventilation
(ventilation required) required)
3 BUN 240 mg/dL (or Cr 22 mg/dl.y  BUN 240 mg/dL. (or Cr 22 mg/dL) 1 48 h rise in BUN >5 mg/dL.
or urine volume <0.5 mL/kg/h even  or urine volume <400 ml./day even after 2 48 h fluid sequestration
after fluid resuscitation fluid resuscitation <75 mL/kg/48 h
4 1.LDH 22 X above upper limit LDH 22 X above upper limit 3 Admission LDH >2000 U/L
(Age-adjusted value)
5 Platelet count €1 x 10°/mm’® Platelet count <1 x 10%/mm?
6 Ca <7.5 mg/dL Ca £7.5 mg/dL 4 48 h trough Ca <8.3 mg/dL
7 CRP 215 mg/dlL. CRP 215 mg/dL
8 Pediatric SIRS score 23 SIRS score 23 5 Admission white blood cell count
>18 500 cell/ul.
9 Age <7 years and/or weight <23 kg Age 270 years 6 Age <7 years
7 Weight <23 kg
8 48 h trough albumin <2.6 g/dL

BE, base excess; BUN, blood urea nitrogen; Ca, calcium; Cr, creatinine; CRP, C-reactive protein; JPN, Ministry of Health, Labour and Welfare
of Japan; LDH, lactate dehydrogenase; PaO,, partial pressure of arterial oxygen; SBP, systolic blood pressure; SIRS, systemic inflammatory

response syndrome.

between 1985 and 2011. This study was approved by the
Juntendo University Institutional Review Board. The diagnosis
of AP was confirmed on elevation of serum amylase or lipase
more than twofold the upper limit of normal, clinical signs and
symptoms, and/or imaging.

Based on the JPN scoring system (2008 version), the pediatric
JPN scoring system was developed using pediatric SIRS score
(Tables 2,3) and the parameters of age <7 years old and/or
weight <23 kg, as reported by DeBanto ¢t al.' The parameters of
the pediatric JPN score were as follows: (i) base excess (BE)

Table 2 Pediatric STRS score®

» Core temperature >38.5°C or 36.0°C

« Tachycardia, defined as mean heart rate >2 SD above normal for
age; or for children <1 year old, bradycardia, defined as mean
heart rate in the <10th percentile for age.

* Mean respiratory rate >2 SD above normal for age.

¢ Leukocyte count elevated or decreased for age or >10% immature
neutrophils.

SIRS, systemic inflammatory response syndrome,

Table3 Age-specific vital signs and Jaboratory variables’

<-3 mEq or shock (systolic blood pressure cut-offs according to
age group; Table 3); (ii) PaO. <60 mmHg (room air) or respira-
tory failure; (iii) BUN 240 mg/dL (or creatinine [Cr] 22.0 mg/
dL) or oliguria (<0.5 mL/kg per h); (iv) LDH 22 x upper limit;
(v) platelet count <1 x 10%mm?; (vi) calcium (Ca) £7.5 mg/dL;
(vii) C-reactive protein (CRP) 215 mg/dL; (viii) number of posi-
tive measures in pediatric SIRS score 23; and (ix) age <7 years
old or/and weight <23 kg. The cut-off for predicting a severe
outcome was set at three criteria. A comparison of the parameters
of the present system, the JPN scoring system (2008 version), and
the DeBanto system is shown in Table 1. To identify the severe
patients who were initially diagnosed as having mild pancreatitis,
the severity was determined using data from 72 h after the onset
of pancreatitis.

An episode of pancreatitis was considered to be clinically
severe if the patient died; had pancreatic surgery; developed a
pseudocyst, abscess, or infected necrosis; or met the Atlanta
criteria (1992 version) for organ dysfanction (systolic blood pres-
sure, 90 mmHg; PaO,, 60 mmHg; creatinine, 2 mg/dL; or gastro-
intestinal bleeding, 500 mL/24 h)."" The clinical and laboratory

Age group Tachycardia Bradycardia Respiratory rate Leukocyte count Systolic blood
(beats/min) (beats/min) (breaths/min) (x10°/mm?) pressure (mmHg)

0 day-1 week >180 <100 >50 >34 <65

1 week—1 month >180 <100 >40 >19.5 or <5 <75

1 month—1 year >180 <90 >34 >175 or <5 <100

2-5 years >140 NA >22 >15.5 or <6 <94

6-12 years >130 NA >18 >13.5 or<4.5 <105
13~18 years >0 NA >14 >l or<4.5 <117

Lower values for heart rate, leukocyte count, and systolic blood pressure are for the 5th percentile, and upper values for the heart rate, respiration

rate, or leukocyte count are for the 95th percentile. NA, not available.

© 2014 Japan Pediatric Society
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Table4 Demographic characteristics and etiology

Severity assessment of acute pancreatitis 115

Mild AP Severe AP
N 135 10
Age (years), mean + SE (range) 7.38 + 0.03 (0.8-17) 640+ 0.42 (2-13)
M:F 51:84 6:4
Etiology
1. Congenital anomalies of the pancreaticobiliary system
» Choledochal cyst and/or abnormal union of the pancreaticobiliary junction 46 (34.1) 1(10.0)
» Pancreas divisum 9(6.7) 1 (10.0)
« Gallstones 9(6.7) 0
s QOthers 13(9.6) 0
2. Drugs 16 (11.9) 3(30.0)
3. Trauma 14 (10.3) 0
4. Multisystem disease 8(5.9) 5(50.0)
5. Infections 537 0
6. Familial 3(2.2) 0
7. Others 12(8.9) 0

AP, acute pancreatitis.

factors used in the Ranson, modified Glasgow, DeBanto, and
pediatric JPN scores were compared between patients with mild
and severe AP. Finally, using a score of three or more positive
parameters as a positive result, the sensitivity, specificity, and
positive and negative predictive values were calculated.

Statistical analysis

The results are expressed as mean = SE. Unpaired Mann—
Whitney U-test and Fisher’s exact test were used to identify
significant changes, as appropriate. Receiver operating character-
istic (ROC) curves were generated, and the area under the curve
(AUC) was calculated to compare the overall accuracy of the
different scoring systems. The AUC + SE was calculated under
non-parametric assumptions. All P-values were (wo-tailed, and
P <0.05 was considered statistically significant. Statistical analy-
sis was done using SPSS version 18.0 (IBM, Tokyo, Japan).

Results
Patient demographics and AP etiology

The patient group consisted of 145 patients (88 girls, 57 boys)
aged 0.8—17 years (mean age, 7.3 years). Of the 145 AP patients,
79 (54.5%) had congenital anomalies of the pancreaticobiliary
system. Of these 79 children, common bile duct dilatation and/or
abnormal union of the pancreaticobiliary junction was present in
47 children. Nineteen children had drug-induced AP (13.1%),
and 14 children had trauma-induced AP (9.7%). Thirteen chil-
dren had multisystem disease (9.0%), five had infections (3.4%),
and 12 had AP of unknown etiology (8.3%). The demographic
data for both the mild and severe groups according to the Atlanta
criteria are given in Table 4.

Criteria for severity by Atlanita criteria

According to the Atlanta criteria, 10 children had severe pancrea-
titis, including two who died. The total number of criteria met
was 27, because four patients met one criterion, two patients met
two criteria, two patients met three criteria, one patient met four
criteria, and one patient met nine criteria (Table 5).

Clinical and laboratory parameters of pediatric
JPN score

The results of the statistical analysis between mild and severe
cases of AP for 12 individual clinical and laboratory parameters
are listed in Table 6. The parameters of BE (P < 0.05), BUN
(P £ 0.01), LDH ( £ 0.01), and CRP (P < 0.01) achieved a
statistically significant difference between mild and severe AP,
while no significant difference was found for platelet count,
serum calcium level, age or weight. The incidence of shock
(P < 0.01), pulmonary insufficiency (P < 0.01), oliguria
(P < 0.01), and pediatric SIRS score 23 (P < 0.01) was signifi-
cantly higher in severe AP than mild AP.

Outcome: Pediatric JPN score compared o
Allanta criteria

The consistency between pediatric JPN score and Atlanta
criteria was examined. Severe outcome occurred in 1.5%
(2/132) of patients with 0-2 points, 50.0% (5/10) of patients
with 3-4 points, 100% (2/2) of patients with 5-6 points, and
100% (1/1) in the patient with 7-8 points. The mortality
of severe AP identified using the Atlanta criteria was 20%
(2/10); the pediatric JPN scores of these patients were 5 and
7 points.

Table 5 Criteria for severity on Atlanta criteria

Criteria for severity No. patients (%)

|. Death 220)
2. Surgery on pancreas Q0]
3. Shock 8 (80)
4. Pulmonary insufficiency 4(40)
5. Renal failure 6 (60)
6. Gastrointestinal bleeding 2(20)
7. Pseudocyst 2(20)
8. Abscess 1 (10)
9. Infected necrosis 1 (10)
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Table 6 Clinical and laboratory parameters

Mild AP (2 = 135)

Severe AP (n = 10)

Mean = SE n Range Mean £ SE n Range P
Patient criteria met Patient criteria met
1 BE < -3 mEq ~-2.6+2.7 8 —6.1-1.9 -95+25 9 —1.3—25 <(.05
or shock 0 135 6 10 <0.01
2 Pa0, <60 mmHg (room air) NA NA
or pulmonary insufficiency 0 135 4 10 <0.01
3 BUN 240 mg/dL. 10.6£0.45 135 2-26 28.9 +5.60 10 661 <0.01
or oliguria (<0.5 mL/kg/h) 0 135 2 10 <0.01
4 LLDH 22 x above upper limit 1.13+£0.05 19 0.32-3.56 2.12+0.12 8 0.74-3.84 <0.01
5 Platelet count <1 x 10%/mm? 299+ 1.0 135 2.3-67.7 124+2.94 10 1.2-33.0 NS
6 Ca £7.5 mg/dL. 9.53£0.07 126 7.2-10.8 8.24 £0.21 10 7.4-9.6 NS
7 CRP 215 mg/dL 2.36+0.29 135 0.1-15.5 127+ 1.96 10 4.8-22.6 <0.01
8 Pediatric SIRS score 23 2 135 0-3 6 10 -4 <0.01
9 Age <7 years and/or weight <23 kg 7.38+0.03 135 0.8-17 6.40 +0.42 10 2-13 NS
263+1.3 135 7.3-64.1 209+37 10 10.547.0 NS

AP, acute pancreatitis; BE, base excess; BUN, blood urea nitrogen; Ca, calcium; CRP, C-reactive protein; LDH, lactate dehydrogenase;
Pa0s, partial pressure of arterial oxygen; SIRS, systemic inflammatory response syndrome.

Comparison of four scoring systems in predicting
severity of AP

The means of the Ranson (1.15 £ 0.07 vs. 320 £ 049, P <
0.01), modified Glasgow (0.50 + 0.06 vs. 2.76 £ 042, P <
0.01), DeBanto (1.41 £ 0.10 vs, 270 £ 047, P £ 0.01), and
pediatric JPN (0.82 + 0.06 vs. 3.80 + 0.49, P < 0.01) scores
varied significantly between the mild and severe groups
{Table 7). ROC curves were produced for each scoring system
to compare the overall predictive value, without confining the
analysis to any arbitrary cut-off (Fig. 1). On ROC analysis the
AUC (mean * SE) for the pediatric JPN score (0.980 + 0.012)
was superior to the Ranson (0.886 + 0.056), modified Glasgow
(0.935 £ 0.034), and DeBanto (0.754 + 0.074) scoring systems
(Fig. D).

Using the cut-off of 3 points, pediatric JPN score had better
sensitivity (80.0%) as compared to the Ranson (60.0%), modi-
fied Glasgow (50.0%), and DeBanto (60.0%) scores. The speci-
ficity was 96.3% for the pediatric JPN score, 93.6% for the
Ranson score, 98.5% for the modified Glasgow score, and
86.0% for the DeBanto score. The positive predictive value of
the modified Glasgow score (71.4%) was superior to the other
scoring systems (pediatric JPN, 61.5%; Ranson, 42.8%; and
DeBanto, 24.0%). The negative predictive value of the four
systems was almost identical (pediatric JPN, 98.4%; Ranson,
96.7%; modified Glasgow, 96.4%; and DeBanto, 96.7%;
Table 7).

+
+

Table 7 Prediction of severity of AP

Discussion

.12

Alcohol and gallstones are the main etiologies of AP in aduits.
The etiology in children, however, is often drugs, infection,
trauma, or anatomic anomalies such as choledochal cyst and
abnormal union of the pancreatobiliary junction.'”" Because the
basic pathogenesis of AP does not greatly differ between adults
and children, the current approach to pediatric AP relies on
experience and knowledge gained from treating adult AP."* There
are no data, however, on the mortality rate of severe AP in
childhood. The mortality rate in Japanese adults decreased from
27% in 1996 to 8% in 2011 due to the development of new
diagnostic and therapeutic methods." Providing intensive care
unit (ICU) management, specialized therapies such as continuous
regional arterial infusion of protease inhibitor and antibiotics,
enteral nutrition via nasojejunal feeding, and continuous
hemodiafiltration have improved the outcome of severe AP by
reducing infection and averting pancreatic surgery, even in
children.”" To reduce the mortality rate, it is important for
patients with severe AP to be transferred to a medical facility with
adequate monitoring and intensive care. Several scoring systems
are used in adults to identify severe AP, but there is no universally
accepted scoring system for predicting the severity of childhood
AP.”"‘I

The JPN scoring system (2008 version), which is based on
clinical signs, blood test data, and imaging, is widely used in
Japan to determine treatment strategies.” The effectiveness of

System Mild Severe Accuracy Sensitivity Specificity PPV NPV

(mean £ SE) (mean £ SE) (%) (%) (%) (%) (%)
Ranson score (maximum, 11 points) 1.15+0.07 3.20+£0.49 84.8 60.0 93.6 42.8 96.7
Modified Glasgow score (maximum, 8 points) 0.50£0.06 2.76+042 95.2 50.0 98.5 71.4 96.4
DeBanto score (maximum, § points) 1.41£0.10 270+ 047 84.1 60.0 86.0 24.0 96.7
Pediatric JPN score (maximum, 9 points) 0.82 £0.06 3.80+0.49 95.2 80.0 96.3 61.5 98.4

AP, acute pancreatitis; JPN, Ministry of Health, Labour and Welfare of Japan; NPV, negative predictive value; PPV, positive predictive value.
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Fig. 1 Receiver operating characteristic curve of the discrimination
of the (—) modified Ministry of Health, Labour and Welfare of
Japan (pediatric JPN) score, (---)) Ranson, (~—) modified Glasgow,
and () DeBanto scores for predicting major complications in
pediatric acute pancreatitis. The area under the curve (AUC) was
greater for the pediatric JPN score (0.980) than for the Ranson
(0.886), modified Glasgow (0.935), and DeBanto (0.754) prognostic
scores.

CRP, which is a criterion in the JPN system, as a single marker
for the prediction of severity has been reported,™' but CRPis not
a criterion in the Ranson, modified Glasgow or DeBanto scores.
The cut-off for predicting severe outcome at CRP 215 mg/dL.
after 48 h from onset of AP was recommended at the Santorini
consensus conference (1999),% in the World Congress of Gastro-
enterology guidelines (2002),” and in the UK guidelines
(2005).* Unfortunately, the JPN scoring system lacks the predic-
tive value needed to guide confident clinical decision-making in
children. When the JPN system (2008 version) was used in the
present patients, the specificity was 100% but the sensitivity was
only 50%. In the present study, we modified only two parameters
of the JPN scoring system to produce the pediatric JPN scoring
system.

The AUC of the ROC curve provides a global assessment of
test performance, without applying any arbitrary cut-off. In this
analysis, the pediatric JPN score had the best overall discrimina-
tion. Using the cut-off of 3 points in each system, this new system
had equal or better clinical accuracy (95.2%) as compared to the
Ranson (84.8%), modified Glasgow (95.2%), and DeBanto
systems (84.1%). The present study, however, has several limi-
tations that are inherent to any retrospective study. Because mean
platelets, serum Ca, BUN, and CRP did not reach the cut-off in
the severe AP group, reconstruction of new suitable cut-offs for
pediatric patients is needed to examine an increased number of
severe AP cases. Additionally, the usefulness of the pediatric JPN
score should be examined in Western children, because there are
etiological differences in AP between Asian and Western
children 2%

Severity assessment of acute pancreatitis 117

The international consensus conference on pediatric sepsis
and organ dysfunction was held in February 2002 in San Antonio,
Texas, where the criteria for adult SIRS were modified for
pediatric use, and the definitions of sepsis, severe sepsis, and
septic shock for pediatric patients were revised.” It was deter-
mined that at least two of four criteria, one of which must be
abnormal temperature or leukocyte count, are required to confirm
SIRS in a pediatric patient. Age-specific normal values for vital
signs and laboratory data were incorporated into the definitions
of SIRS and sepsis in children. Because SIRS criteria were
derived from the adult respiratory distress syndrome criteria,
there was much discussion that this criteria contained higher
sensitivity and lack of specificity. A literature review by Carvalho
et al. cited one study reporting a 68% prevalence of SIRS in the
pediatric ICU.* Tn adults, 68% of patients admitted to the ICU
met at least two criteria for SIRS.* Tn Japan, the prevalence of
SIRS reached 84% among all adult ICU patients.” These data are
not fully comparable to the present ones due to differing patient
age groups and cut-off criteria.

In many clinical settings, the very old and the very young
are at the highest risk of poor outcome. Persons in these age
groups often have lower physiological reserves than do other-
wise healthy adults in the prime of life. In the present study,
although there were no significant differences in age and weight
among patients with mild or severe AP, the age (6.40 £+ 042
years) and weight (20.9 + 3.7 kg) in the severe group were
similar to those in the first pediatric report on AP by DeBanto
et al.' In contrast, in the second report by Lautz ef al. patients
younger than 7 years were more likely to have mild (29%) than
severe AP (12.5%, P < 0.05).” Further examination is necessary
to verify the cut-offs for age and weight in a validation
group.

The CT severity index (CTSI) has proven to be very useful in
adults.>*® Recently, Lautz et al. reported that CTSI was superior
to a clinical scoring system for identifying children with AP at
heightened risk for developing serious complications.” Although
42 of 145 patients received plain and/or contrast-enhanced CT, in
the present study it was not possible to evaluate the performance
of the CTSI because only three patients with severe AP
received CT. Most patients received non-invasive abdominal
echosonography instead of CT. Clinical trials assessing the use-
fulness of the CT scoring system in Japanese children and
adolescents with AP are needed.

Conclusion

Pediatric JPN score, although not perfect, is sufficient for the
prediction of outcome in the initial period in order to identify
pediatric patients with severe AP. The use of this scoring system
at admission may help to improve treatment outcome in pediatric
patients.
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Development and Validation of a Novel Fibrosis Marker
in Biliary Atresia during Infancy

Hirofumi Tomita, MD, PhD"?, Yasushi Fuchimoto, MD, PhD?, Akihiro Fujino, MD, PhD', Ken Hoshino, MD, PhD', Yohei Yamada, MD',
Yohei Masugi, MD, PhD*, Michiie Sakamoto, MD, PhD*, Mureo Kasahara, MD, PhD®, Yutaka Kanamori, MD, PhD?, Atsuko Nakazawa, MD, PhD®,
Fumiko Yoshida, MD?, Seiya Akatsuka, MD, PhD’, Miwako Nakano, MD, PhD? and Tatsuo Kuroda, MD, PhD'

OBJECTIVES: Most biliary atresia (BA) patients suffer from liver fibrosis and often require liver transplantation. The aim of this
study was to develop and validate a novel fibrosis marker for BA patients aged <1 year—the infant BA liver fibrosis (iBALF) score
—subsequent to the previously reported fibrosis marker for BA patients aged > 1 year.

METHODS: From three institutions for pediatric surgery, BA patients and their native liver histology examinations performed at the
age of <1 year were retrospectively identified and assigned to a development cohort (58 patients and 73 examinations) or
validation cohort (92 patients and 117 examinations) according to their institutions. Histological fibrosis stages (FO~F4), blood test
results, and clinical information at the time of liver histology examination were reviewed. The iBALF score was determined using
multivariate ordered logistic regression analysis and was assessed for its associations with histological fibrosis stages.
RESULTS: The iBALF score equation was composed of natural logarithms, including serum total bilirubin level, biood platelet
counts, and days of age. The score revealed a strong correlation with fibrosis stage (r= 0.80 and 0.73 in the development and
validation cohorts, respectively; P<0.001). The areas under the receiver-operating characteristic curves for diagnosing each
fibrosis stage were 0.86-0.94 in the development cohort and 0.86-0.90 in the validation cohort (P<0.001), indicating good
diagnostic power. In addition, no patient with an iBALF score > 6 (equivalent to F4) at the initial surgery survived with their native
liver at 1 year of age (n=9).

CONCLUSIONS: The iBALF score that was developed was a good noninvasive marker of native liver fibrosis for BA patients
aged <1 year.

Clinical and Translational Gastroenterology {2015) 6, e127; doi:10.1038/ctg.2015.55; published online 19 November 2015

Subject Category: Pediatrics

INTRODUCTION outcome for BA patients, for whom long-term survival with the
native liver is only achieved in ~20%.%°

Although assessment of liver fibrosis is considered 1o be
useful in BA patients, liver histology examinations are
generally performed only at the same time as surgical
procedures; liver tissue is obtained via surgical wedge biopsy
during laparotomy or total hepatectomy during liver transplant
surgery; postsurgical liver biopsy examinations for monitoring
fibrosis progression are not generally performed.? However,
we have performed postsurgical liver biopsy examinations to
more precisely evaluate native fiver status and to determine
the optimal timing for liver transplantation, mostly from living
donors in Japan, in clinical practice. Because reliable,

Bitiary atresia (BA) is a common cause of pediatric cholestasis
due to obliterative cholangiopathy that develops in
1/5,000-1/19,000 newborns and is the most common indica-
tion for pediatric liver transplantation.” Because rapid progres-
sion of liver fibrosis is a prominent feature of BA patients, early
diagnosis and timely surgical correction of cholestasis are
needed."? In general, hepatoporioenterostomy is initially
attempted to achieve initial bile drainage for most patients in
whom the disease involves the bile duct at the porta hepatis
{type 3 disease) and for whom a surgical anastomosis
between the bile duct and the gastrointestinal {ract cannot be
F:rgated:1 Althpugh _hepatoportoenterostomy can ach:gve surrogate, noninvasive liver fibrosis markers in BA patients
initial bile drainage in 50-60% of cases, advanced liver  ay6een limited,2 we previously developed a BA liver fibrosis
fibrosis and possible progression of liver fibrosis after surgery (BALF) score using a retrospective analysis of postsurgical
lead to portal hypertension and cirrhosis.™? Liver transplanta- native liver histology examinations.* The BALF score was
tion is performed secondarily when bile drainage is not  cajcylated using standard liver test results and age and is a
achieved or when cirrhotic complications affect patients.® potential liver fibrosis marker in BA patients aged >1 year;
Thus, liver fibrosis is thought to be an important predictor of however, the score was unable to predict liver fibrosis in
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patients aged <1 year* Because some patients require
primary or early liver transplantation owing to rapid progres-
sion of liver fibrosis, we considered that an available, reliable
and noninvasive liver fibrosis marker during infancy would be
of great worth. In the current study, we developed a novel
noninvasive fibrosis marker for BA patients aged <1 year,
subsequent to the previously reported BALF score. This novel
fibrosis marker was delineated as the infant BALF (iBALF)
score and was validated in an independent population of BA
patients.

METHODS

Study population and ethical considerations. The medi-
cal records of BA patients at three institutions for pediatric
surgery were retrospectively reviewed, and 155 patients from
whom native liver specimens had been obtained at <1 year
of age between March 1993 and April 2014 were identified.
The patients were assigned to either the development cohort
{n=60) or the validation cohort (n=95), according to the
participating institutions: the development cohort derived
from Keio University Hospital and Saitama City Hospital,
and the validation cohort derived from the National Center for
Child Health and Development. We confirmed that the
development and validation cohorts did not share the same
patient. This study conformed to the ethical guidelines of the
1975 Declaration of Helsinki and was approved by the ethical
committees of all three participating instifutions. All of the
biopsies and surgeries were performed after obtaining written
informed consent.

Liver tissue sampling and histology examinations.
During the initial bile drainage surgery, wedge biopsy
examinations were performed using surgical resection from
the edge of the liver. Postsurgical liver histology examinations
were performed in several patients from wedge biopsy
specimens during re-laparotomy and from percutaneous liver
biopsy specimens of >1.0cm in length using an 18-gauge
suction needle under ultrasonographic guidance. Explanted
livers were obtained during liver transplant surgery and were
histologically examined. Histological liver fibrosis stages were
based on the documented findings by experienced patholo-
gists at the time liver tissue samples were obtained; if needed,
re-evaluation by an expetienced pathologist participating in
the current study was performed at each institution. For liver
fibrosis grading, the Metavir scoring system® or the new
Inuyama classification® was used with the following classifica-
tions: FO, no portal fibrosis; F1, portal fibrosis without septa;
F2, portal fibrosis with rare septa; F3, numerous septa or
lobular distortion without cirrhosis; and F4, cirrhosis.

Data collection and data exclusion. The patients’ clinical
information and blood test results were collected from the
medical records in association with liver histology examina-
tions. The collected clinical information included sex, disease
type, history of surgical procedure, age at the time of surgery,
age at tissue sampling, and method of tissue sampling.
Patients who had a history of splenectomy or partial spienic
embolization and those with BA splenic malformation
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syndrome were excluded. The disease type was determined
according to the classification of the Japanese Biliary Atresia
Society:” atresia at the level of the most proximal part of the
common bile duct (type 1), hepatic duct (type 2), and porta
hepatis (type 3). The collected blood test results included
serum total bilirubin (TB), direct bilirubin, aspartate amino-
transferase, alanine aminotransferase, y-glutamyltransferase
(GGT), albumin, and cholinesterase levels; prothrombin
time-international normalized ratios; and platelet counts,
which had been examined within a few days before liver
tissue sampling. The impact of transfusion, cholangitis, and
vitamin K deficiency on the blood test results was excluded to
the greatest extent possible; if transfusion had been
petformed or cholangitis had occurred before liver tissue
sampling, data preceding transfusion or cholangitis up to
1 month were used, whereas in cases of vitamin K deficiency
at the time of initial surgery, data after correction of vitamin K
deficiency were used. Cholangitis was defined as fever and
serum TB elevation without any other apparent cause, and
vitamin K deficiency was defined as coagulopathy that
improved soon after vitamin K administration.

Development of the iBALF score. Development of the
iBALF score was accomplished using a similar method to
BALF score development.* To predict the histological fibrosis
stage, ordered logistic regression analyses were performed,
using the semiquantitative histological fibrosis grading as
ordinal data (from FO to F4) for the dependent variable; the
logarithmic values of the collected blood fest results and days
of age at the time of corresponding histological examination
served as the independent variables. To determine the iBALF
score equation, significant independent variables and the
regression coefficients from the multivariate analysis were
used. The constant of the score equation was determined by
bringing the cutoff values of the IBALF score for fibrosis
prediction close to the previously reported BALF score cutoff
values in patients aged > 1 year (2.42 for > F2, 4.12 for >F3,
and 5.64 for F4).*

Assessment of the iBALF score. After determination of the
iBALF score equation from the development cohort, the
scores were calculated from the development and validation
cohort data; the values of the IBALF score were obtained
along with the corresponding histological examination resulis.
The diagnostic power of the iBALF score for predicting each
fibrosis stage was assessed using a receiver-operating
characteristic curve comparing the blood platelet counts
and the aspartate aminotransferase-to-platelet ratio index
(APRI), which has been the most widely investigated fibrosis
marker in BA patients. The APRI was calculated using the
following equation:®

APRI = (aspartate aminotransferase/upper normal limit/pla-
telet counts (10%/)) x 100.

The upper normal limit of aspartate aminotransferase was
determined according to the age-specific reference intervals
for Japan.®

Assessment of the prognosis at 1 year of age. The
prognosis of the patients who participated in the study from
the initial surgery (initial bile drainage surgery or primary
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liver transplantation) was assessed using serial data
collection. The prognosis at 1 year of age was investigated
as either death before liver transplantation, receiving liver
transplantation before 1 year of age, or surviving with their
native liver. Among the patients surviving with their native
liver at 1 year of age, the earliest blood test results after
reaching 1 year of age were collected from the medical
records; if transfusion had been performed or cholangitis had
occurred before the blood test was performed, the data at
>1 month after transfusion or cholangitis were selected. The
BALF score that had been developed to predict liver fibrosis
stage in BA patients aged > 1 year was then used to evaluate
the status of the native liver. The BALF score was calculated
using the following equation:*

BALF score =7.196+1.438 x Log, [TB (mg/dl)]+0.434 x Loge
[GGT (UM)] — 3.491xLoge [albumin (g/dl)}-0.670x Loge
[age (years)].

Statistical analysis. The categorical and ordinal data are
presented as frequencies and were statistically compared
using the Fisher exact test. The continuous data are presented
as medians (ranges) and were statistically compared using the
Mann-Whitney U-test. Correlations between the ordinal and/or
continuous data were assessed by the Spearman correlation
coefficient (r). For logistic regression analyses, the P value of
each independent variable was determined using the Wald
¥P-value (Wald), which was calculated by squaring the ratio of
the regression coefficient divided by its standard error. For
receiver-operating characteristic curve analyses, areas under
the curve (AUCs) were calculated; an AUC of 1.0 indicates a
test of perfect diagnostic power, whereas an AUC of 0.5
indicates no diagnostic power. Differences between AUCs
were examined using the Delong test. The cutoff values were
determined as the points that showed high sensitivity and
specificity in a balanced manner. P values <0.05 were
considered statistically significant. Statistical analyses were
performed using SPSS 22.0 software (IBM SPSS, Chicago, IL,
USA) and R 3.1.0 software {The R Foundation for Statistical
Computing Vienna, Austria; http:/Avww.R-project.org/).

RESULTS

Patient characteristics. We excluded two and three
patients with BA splenic malformation syndrome from the
development and validation cohorts, respectively. No patient
had a history of splenectomy or partial spienic embolization
before data collection. One histology examination using
percutaneous needle biopsy obtained after the initial surgery
from a development cohort patient was inappropriate for
evaluation and was excluded from the study. After exclusions,
the development cohort included 58 patients and 73 liver
histology examinations, and the validation cohort included 92
patients and 117 liver histology examinations. The timing of
the patients’ participation and tissue sampling in the
development and validation cohorts is summarized in
Figure 1. Patient characteristics according to the develop-
ment and validation cohorts are shown in Table 1. Significant
differences between the development and validation cohorts
were found in the frequencies of disease type (P=0.02) and
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initial bile drainage surgical procedure (P=10.03): the valida-
tion cohort included more patients with type 3 disease
requiring hepatoportoenterostomy. Significant differences
regarding liver transplantation before 1 year of age were
also found: the validation cohort included fewer patients
received primary liver transplantation, and more patients
received liver transplantation after bile drainage surgery than
in the development cohort (P<0.001). Days of age at the
time of liver transplantation were significantly lower in the
validation cohott than in the development cohort (P=0.009).

Liver histology and blood test resulis. In the development
cohort, 10 (13.7%) histology examinations showed a liver
fibrosis stage of F1, whereas 19 (26.0%) showed a stage of
F2, 20 (27.4%) showed a stage of F3, and 24 (32.9%)
showed a stage of F4. In the validation cohort, eight (6.8%)
histology examinations showed a stage of F1, 23 (19.7%)
showed a stage of F2, 27 (23.1%) showed a stage of F3, and
59 (50.4%) showed a stage of F4. Liver histology examina-
tions and the corresponding blood test results from the
development and validation cohorts according to the biopsy
examination or liver transplantation are presented in Table 2.
At the time of biopsy examinations, serum direct bilirubin
levels were significantly lower and serum albumin levels were
significantly higher in the development cohort than in the
validation cohort (P=0.03 and P<0.001, respectively),
because the development cohort involved a greater number
of needle biopsy examinations, which were performed for
patients with a better surgical response than the validation
cohort (P=0.002). At the time of liver transplantation, blood
test results were significantly worse in the development
cohort than in the validation cohort, indicating different timing
of liver transplant surgery between the cohorts.

Determination of the iBALF score equation. The results of
the ordered logistic regression analyses in the development
cohort are shown in Table 3. In the univariate analyses, naturai
logarithms of the blood platelet counts provided the highest

significance (Wald=31.461, P<0.001). In the multivariate

analysis, the second significant independent variable was
identified as natural logarithms of the serum TB levels using a
forward selection method. As the third independent variable,
natural logarithms of the prothrombin time-international nor-
malized ratios and days of age were significant; we selected
the days of age, because the distribution of the iBALF score
approached the distribution of the previously reported BALF
score. Finally, natural logarithms of the serum TB levels, blood
platelet counts, and days of age at examination were selected
as significant independent variables. The IBALF score
equation was determined as:

iBALF score==8+1.185xLlog. [TB (mg/dh]—1.882x Log,
[platelet count (10°/)]+1.093 x Log, [age (days)].

iBALF scores according to the liver fibrosis stages.
Figure 2 shows the boxplots for the iBALF score and APRI vs.
the histological fibrosis stages in the development and
validation cohorts. The IBALF score was more strongly
correlated with the histological fibrosis stage than the APRI
in both cohorts (r=0.80 and 0.73 in the development and
validation cohorts, respectively; P<0.001). Between the
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Development cohort (Keio University Hospital and Saitama City Hospital)

43 patients

4 N\
Liver tissue samples
38 e 4
38 biopsy examinations
Initial surgery Bile drainage surgery Liver transplantation 5 expl anted livers
Dead 15 patients 13 btopsy examinations
17 explanted livers
\
After surgery === 11 biopsy examinations
--- 2 biopsy examinations
3 14
Liver transplantation
At | year of age ” Native liver survival
: 1

Validation cohort (National Center for Child Health and Development)

48 patients
7 N\
Liver issue samples
47 V! .
47 biopsy examinations
Initial surgery Bile drainage surgery Liver transplantation 1 explanted liver

=== 10 biopsy examinations

10 biopsy examinations

44 patients

Alfter surgery Liver transplantation

l 59 explanted Hvers
..

Liver transplantation at another institution

At | year of nge Native liver survival

Figure 1 Timing of the patients' participation and tissue sampling in the development and validation cohorts. The number was counted after excluding two and three patients
with biliary atresia splenic malformation syndrome from the development and validation cohorts, respectively.

cohorts, the IBALF score in the histology - examinations
displaying F4 showed a significant difference (P=0.006);
the median IBALF score values were 8.08 (range,
4.75-10.71) in the development cohort and 6.84 (range,
2.88-9.69) in the validation cohort. No significant differ-
ence was found in the other histological fibrosis stage groups.

Diagnostic power of the iBALF score. Figure 3 shows the
receiver-operating characteristic curves of the iBALF score
for diagnosing each fibrosis stage, compared with the APRI.
In the development cohort, the AUCs of the iBALF score were
0.84 for a fibrosis stage > F2, 0.91 for > F3, and 0.96 for F4
{P<0.001). In the validation cohort, the AUCs of the iBALF
score were 0.86 for >F2, 0.90 for >F3, and 0.89 for F4
(P<0.001); the diagnostic power for F4 fibrosis appeared to
be worse than in the development cohort. The AUCs of the
iBALF score were significantly greater than those of the APRI
in diaghosing >F2 (P=0.03) and F4 (P=0.01) in the
development cohort, indicating more favorable diagnostic
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power than the APRI; no significant difference was found in
diagnosing >F3 in the development cohort and in diagnos-
ing >F2, >F3, and F4 in the validation cohort.

Cutoff value and diagnostic accuracy of the iBALF
score. The cutoff values and diagnostic accuracies of the
iBALF score for predicting histological fibrosis stages are
shown in Table 4. The cutoff values of the development
cohort were 3.00 for a fibrosis stage >F2, 3.99 for >F3, and
5.75 for F4, which were brought close to the previously
reported cutoff values of the BALF score by adjusting the
constant of the iBALF score equation. The diagnostic
accuracies of the iBALF score for each fibrosis stage were
acceptable: 78.1-93.2% in the development cohort and
80.3-82.9% in the validation cohort. The validation cohort
appeared to have lower diagnostic accuracy for F4 diagnosis
than the development cohort (82.0% vs. 93.2%, respectively).
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Table 1 Patient characteristics of the development and validation cohorts

Development cohort Validation cohort P-value
Number of patients 58 92
Sex (maleffemale) 25/33 28/64 0.12
Disease type (type 1/type 2/type 3/unknown) 9/2/45/2 8/0/85/1 0.02
Initial bile drainage surgery (hepaticoenterostomy/hepatoporioenterostomy/none) 3/50/5 2/89/1 0.03
Days of age at the initial bile drainage surgery 74 (17-151) (n=53) 73 (27-195) (n=91) 0.28
Liver transplantation before 1 year of age (primary/after bile drainage surgery/none) 5/17/36 1/60/31 <0.001
Days of age at liver transplantation before 1 year of age 290 (179-356) (n=22) 233 {126-346) (n=61) 0.009
Number of histology examinations per each patient (1/2/3/4) 46/10/11 69/21/2/0 0.59

The categorical and ordinal data are presented as the number of patients and were statistically compared using the Fisher exact test. The continuous data are
presented as medians (ranges) and were statistically compared using the Mann-Whitney {-test.

Table 2 Comparisons of the liver histology examinations and corresponding blood test results between the development and validation cohorts according to the biopsy
examination or liver transplantation

Biopsy examination Liver transplantation

Development cohort  Validation cohort  P-value Development cohort Validation cohort  P-value

Number of examinations 51 57 22 60

Wedge/needle 41110 56/1 0.002

Fibrosis stage (F1/F2/F3/F4) 10/19/18/4 8/23M19/7 0.78 0/0/2/20 0/0/8/52 0.72

Days of age 79 (17-328) 77 (27-345) 0.96 290 (179-356) 232 (126-346) 0.01

Biood test results
TB (mg/di) 8.0 (0.4—14.5) 8.3 {0.6-25.8) 0.06 20.6 (5.5-47.7) 12.1 (1.2-83.9) <0.001
DB {(mg/dl) 4.9 (0.1-9.5) 5.6 {0.3-17.6) 0.03 14.5 (3.2-34.4) 8.7 {0.6-22.1) 0.001
AST (1U/) 161 (35-917) 150 (44-473) 0.77 269 {55-560) 162 (61-659) 0.007
ALT (iU 109 (15-922) 110 (24-447) 0.98 127 (30—240) 110 (29-426) 0.44
GGT ({un) 582 (62-3434) 741 {36-2610) 0.15 124 (50-1010) 253 (20-1452) 0.28
Albumin {g/dl) 3.9 (2.3-4.8) 3.6 (2.6-4.3) <0.001 3.2 (2.2-4.1) 3.0 (1.9-4.2) 0.72
ChE {(1U/) 279 (116-461) 270 (128-395) 0.86 140 (53-334) 143 (57-367) 0.73
PT-INR 1.03 (0.84~1.48) 1.00 (0.81-1.91) 0.19 1.41 (0.95-2.54) 1.28 (0.95-2.18) 0.047
Platelet count (x10%/1) 448 (172-1092) 444 (111-982) 0.93 118 {(48-276) 196 (34-760) 0.02

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ChE, cholinesterase; DB, direct bilirubin; GGT, y-glutamyltransferase; PT-INR, prothrombin time-
international normalized ratio; TB, total bilirubin. The categorical and ordinal data are presented as the number of examinations and were statistically compared using

the Fisher exact test. The continuous data are presented as medians (ranges) and were statistically compared using the Mann-Whitney {ftest.

Prognosis at 1 year of age according to the iBALF score
at the initial surgery. Figure 4 shows the relationships
between the iBALF score at the initial surgery and outcomes.
The outcomes are presented as the need for liver transplan-
tation before 1 year of age or as the BALF score at 1 year of
age as a noninvasive liver fibrosis marker. None of the nine
patients with an iBALF score >6 survived with their native
liver: five patients in the development cohort underwent liver
transplantation as the initial surgery, and four patients in the
validation cohort required liver transplantation before 1 year
of age. Among the patients who survived with their native liver
at 1 year of age, the correlations between the iBALF score at
the initial surgery and the BALF score at 1 year of age were
not significant in the development (n=34, r=0.19, P=0.29)
or validation (n=231, r=0.04, P=0.81) cohorts.

DISCUSSION

The BALF score was the first noninvasive fibrosis marker
developed specifically for postsurgical BA patients aged
>1 year; herein, the iBALF score was additionally developed
for BA patients aged <1 year. Although the BALF score
calculated for patients aged <1 year was previously reported

to show apparently high values regardless of the liver fibrosis
stages,” the iBALF score showed strong correlations with the
histological liver fibrosis stages and good diagnostic powers
for each fibrosis stage in the development and validation
cohorts. The differences between the BALF and iBALF scores
in patients aged <1 year were mainly derived from serum
GGT level (included in the BALF score) and age (included in
both scores), both of which had reverse coefficients in the
logistic regression analyses for predicting liver fibrosis stages.
Serum GGT elevation was reported to be associated with
advanced fibrosis in patients aged >1 year,* but the current
study indicated that serum GGT elevation was associated with
less-advanced fibrosis in patients aged <1 year. The effects
of age on liver fibrosis progression were positive in patients
aged <1 year and negative in patients aged >1 year?*
Although different equations were needed, we adjusted the
iBALF score to have similar values for each fibrosis stage as
the previously reported BALF score values in patients aged
> 1 year, this will aid in more easily understanding the iBALF
scores in comparison with BALF scores, regardless of the age
of the child. We suggest that the iBALF and BALF scores can
monitor liver fibrosis in a similar manner before and after 1 year
of age, respectively.
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