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ABSTRACT

Background/Aims: The present study aimed at investigating the long-term outcomes and prognostic factors of patients with biliary
atresia (BA) diagnosed and followed at a single center.

Materials and Methods: Patients with BA treated during 1994-2014 at a large-volume pediatric tertiary referral center were reviewed
retrospectively with regard to demographic, clinical, laboratory, and diagnostic characteristics for identifying the prognostic factors and
long-term clinical outcomes.

Results: Overall, 81 patients (49 males, 32 females) were included. Mean age at diagnosis was 73.1+4.7 (median: 64) days. Of the pa-
tients included, 78 patients (96 %) underwent a portoenterostomy procedure. Mean age at operation was 76.8+4.7 (median: 72) days.
The surgical success rate was 64.8%. A younger age (either at diagnosis or surgery) was the only determinant of surgical success. The
2-, 5-, and 10-year overall survival (OS) rates, including all patients with or without liver transplantation, were 75%, 73%, and 71% re-
spectively, whereas the 2-, 5-, and 10-year survival rates with native liver (SNL) were 69%, 61%, and 57 %, respectively. Mean follow-up
duration was 9.4+7.5 years. Successful surgery, presence of fibrosis and/or cirrhosis on the liver pathology, and prothrombin time [inter-
national normalized ratio (INR)] at presentation were independent prognostic factors for both OS and SNL.

Conclusion: A younger age at diagnosis is strongly associated with surgical success in BA. Surgical success, the prothrombin time (INR)
at presentation, and liver pathology are independent prognostic factors affecting the long-term outcomes in patients with BA. There-
fore, timely diagnosis and early referral to experienced surgical centers are crucial for optimal management and favorable long-term

results in BA.
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INTRODUCTION

Biliary atresia (BA) is the most common cause of neonatal
cholestasis and liver transplantation in childhood and is
characterized by the obstruction or discontinuity of intra-
and extrahepatic bile ducts, leading to chronic cholestasis,
progressive liver damage, fibrosis, and biliary cirrhosis. The
incidence of BA is reported as 1:8000-1:18000 live births
in the USA and European countries whereas 1:2400 for
the far Eastern countries. BA is fatal if left untreated (1).
Since the introduction of Kasai hepatoportoenterostomy
(HPE) in 1959, the survival rates have improved. However,
despite successful surgery, a majority of patients with BA
will eventually require liver transplantation (2,3).

Several authors have studied the long-term outcomes
and prognostic factors in patients with BA. A majority of
recent studies have focused on improved outcomes with
early diagnosis and younger age at surgery (4-11), where-
as some other studies have reported conflicting results
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showing no significant effect of age at the time of Kasai
HPE (12-15). Liver histology, a less studied prognostic fac-
tor, seems to be as important as the age at the time of
Kasai HPE in predicting both short- and long-term out-
comes (16,17). Several potential factors, such as labora-
tory parameters, have also been implicated in the prog-
nosis, but it is unknown whether these factors provide
additional prognostic value for patients with BA. The aim
of the present study was to re-evaluate the predictive and
prognostic factors influencing surgical success and long-
term clinical outcomes in a retrospective cohort of pa-
tients with BA diagnosed, treated, and followed at a single
large-volume academic children’s hospital in Turkey.

MATERIALS AND METHODS
Ethics approval and study design

The present study was approved by the Institutional
Ethics Committee for Clinical Research and complied
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with the principles of Helsinki Declaration. The medical
records of 87 consecutive patients diagnosed with a de-
finitively with BA, treated, and followed at largevolume
pediatric tertiary referral center between 1994 and 2014
were retrospectively reviewed.

Inclusion and exclusion criteria

Patients were included if (1) the diagnosis of BA was con-
firmed through radiological, operative, and pathological
investigations; (2) patients were treated (except for liver
transplantation) and followed up at our institute for at
least 3 months after the operation; and (3) medical re-
cords were available. Patients were excluded if (1) other
neonatal cholestasis etiologies were not excluded; (2) an
HPE surgery was performed at another center; and (3)
medical records were insufficient.

Data collection

Of the 87 patients, 81 met the inclusion criteria. Six pa-
tients were excluded due to a Kasai HPE done at another
hospital (n=4) and insufficient medical data (n=2). Data
were collected on demographic, clinical, laboratory, and
diagnostic characteristics of these patients; prognostic
factors and long-term follow-up results of these patients
were investigated. The laboratory results of bilirubin (to-
tal and conjugated), alanine aminotransferase, aspartate
aminotransferase, alkaline phosphatase (ALP), gam-
ma-glutamyl transpeptidase (GGT), protein, albumin lev-
els, and prothrombin time [international normalized ratio
(INR)] as well as abdominal ultrasonography (US) findings
at the initial presentation were recorded.

All but three patients underwent an HPE procedure with-
in a median of 7 days following the initial diagnosis based
on clinical, laboratory, and radiological investigations. Be-
tween 1994 and 1998, the Sawaguchi HPE was the pre-
ferred surgical technique (n=6), whereas all the patients
treated after 1998 (n=72) underwent a Kasai HPE. Liver
biopsy results were available for 78 patients who under-
went a surgery and for other 3 patients who underwent a
percutaneous biopsy only. The three patients did not un-
dergo an HPE operation due to an already established liv-
er failure and severe complications associated with very
late presentation (two patients >200 days, one patient
110 days old). Two patients died during hospital stay, and
the third patient was referred to another center for liver
transplantation.

The histopathological diagnosis of BA was established
based on cholestasis, ductular proliferation, inflamma-
tion, and portal fibrosis/cirrhosis (18). The surgical success

was defined as the clearance of jaundice and resolution
of alcoholic stools within 3 months after the HPE. A sur-
gical mortality was defined as death within 30 days after
the operation. Complications were identified as cholan-
gitis, liver failure, portal hypertension, gastroesophageal
varices, ascites, hypersplenism, hepatopulmonary syn-
drome, failure to thrive, and malignancy recorded at any
time during the follow-up. Cholangitis was established by
the typical clinical symptoms and signs of infection in the
presence of laboratory and imaging studies suggestive of
infection and biliary obstruction. Patients were grouped
according to age at the time of diagnosis (group 1: <60
days, group 2: 61-90 days, and group 3: >90 days).

Statistical analysis

Statistical analyses were performed using the IBM Statis-
tical Package for Social Sciences version 21.0 (IBM Corp,;
Armonk, NY, USA) Data were presented as meanzstan-
dard deviation or median (range) wherever appropriate.
Student’s t-test was performed to detect the differences
between the means of two independent groups, where-
as one-way ANOVA was used for comparing the means
of more groups for continuous variables. Chisquare tests
were used for categorical data. Predictors of surgical suc-
cess were assessed using the logistic regression model.
The rates of (1) survival with native liver (SNL), which
starts at birth and ends either at death or at liver trans-
plantation, and (2) overall survival (OS), which starts at
birth and ends at death, were calculated. Survival analyses
were performed by using the Kaplan-Meier method and
compared using the log rank test. Univariate analysis of
categorical prognostic factors was performed using the
Kaplan-Meier method and a log rank test, whereas a Cox
proportional hazards model was used for continuous vari-
ables. Variables with p<0.1 in the univariate analysis and
those deemed clinically important were introduced into
the multivariate model. Multivariate regression analysis
using the Cox model (Backward:Wald method) helped
identify independent prognostic factors. A p value <0.05
was considered statistically significant, whereas p value
ranging 0.05-0.1 was considered to represent a trend to-
ward significance.

RESULTS

Baseline characteristics of the patients

A total of 81 (49 males, 60.5%) patients were enrolled
in the study. Thirteen patients (10.5%) had other associ-
ated congenital anomalies, such as cardiac anomalies in
nine patients, intestinal malrotation in three, situs inver-
sus in two, and polysplenia in one patient. Demographic,
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Table 1. Baseline patient characteristics (n=81)

Demographic and clinical characteristics

Age at presentation (days)

Mean+SD 73.1+425
Median (range) 64 (15-261)
Male:Female 1.563 (49:32)
Term at birth, n (%) 79 (98)
Consanguinity, n (%) 19 (24)
Symptoms at presentation n (%)
Prolonged jaundice 81(100)
Alcoholic stool 77 (95)
Dark urine 68 (84)
Abdominal distension 10 (12)

Vomiting and feeding difficulties 9 (11)
Bleeding 5(6)

Findings on physical examination

Jaundice only 29 (36)
Jaundice+hepatomegaly 17 (21)
Jaundice+hepatosplenomegaly 35 (43)
Laboratory findings Mean+SD
Total bilirubin (mg/dL) 12.3+55
Conjugated bilirubin (mg/dL) 8.7£3.9
ALT (IU/L) 140+100
AST (IU/L) 232+154
ALP (IU/L) 1206+1069
GGT (IU/L) 763695
Albumin (g/dL) 3.9+0.5
Protein (g/dL) 6.0+0.7
PT (INR) 1.37+0.71
Radiological and histopathological findings n (%)
US Findings: 81 (100)
-Contracted or invisible gall bladder 60 (74)
-Rudimentary or hipoplasic gall bladder 10 (12)
-Normal bile ducts 9 (11)
-Hepato/splenomegaly 28 (34)
-Polysplenia 2(2.5)
-Situs inversus 2(2.5)
-Ascites 2(2.5)
Scintigraphy: 64 (79)
-No excretion 64 (79)
Biopsy: 79 (97)
-Compatible with BA 62 (77)
-BA + fibrosis and/or cirrhosis 16 (20)

ALP: alkaline phosphatase; ALT: alanine amino transaminase; AST: aspartate
amino transaminase; BA: biliary atresia; GGT: gamma-glutamyl transferase;
PT: prothrombin time; SD: standard deviation; US: ultrasonography; INR:
international normalized ratio

clinical, laboratory, and radiological details at presenta-
tion are shown in Table 1. The median age at diagnosis
was 64 days (range: 15-261 days). Prolonged jaundice,
alcoholic stool, and dark urine were the leading symp-
toms at presentation seen in >80% patients. Jaundice
was present in all patients and hepatomegaly in more
than twothird of patients. The mean total bilirubin level
was 12.3+5.5 mg/dL (range: 3.6-37.1); the conjugated bil-
irubin level was 8.7+3.9 mg/dL (range: 2.7-24.3); and the
prothrombin time (INR) was 1.37+0.71 (range: 0.88-5.65).
The comparison of baseline laboratory results among age
groups did not reveal a difference except for the GGT val-
ues (Table 2). Abdominal ultrasound (US) was the firstline
imaging technique in all patients. The most frequently
reported finding in the US was invisible and/or contract-
ed gallbladder (74 %). In 11% of the cases, the bile ducts
were reported to be normal. The diagnosis was confirmed
in all patients by intraoperative cholangiography and/or
liver histopathological evaluation.

Surgical management and postoperative follow-up
Overall, 78 patients (96.3%) were operated: 6 patients
(7.7%) with Sawaguchi portocutaneostomy (1994-1998)
and 72 patients (92.3%) with Kasai HPE (since 1998).
The surgical mortality rate was 5.1% (n=2 due to bleed-
ing, n=2 due to nosocomial infections). All patients had
histopathologic features consistent with BA, whereas 16
patients (19.8%) had accompanying fibrosis and/or cir-
rhosis secondary to BA.

Surgery was performed at a median age of 72 days (range:
19-270 days; mean: 76.8+4.7 days). The median duration
between diagnosis and surgery was 7 days (range: 1-111
days). The surgical success rate was 64.8%. Postopera-
tively, all patients received coadjuvant therapy, such as
choleretics (ursodeoxycholic acid 10 mg/kg/day for 4
weeks), antibiotics (sulperazone, ornidazole, and amik-
acin were started before operation and continued for 1
week postoperatively, followed by trimethoprim sulfa-
methoxazole for 1 week), and corticosteroids (methyl-
prednisolone 2 mg/kg/day for 2 weeks, then tapered for a
total of 4 weeks) along with nutritional support.

Sex, jaundice beginning time, presence of bleeding or
abdominal distension at initial presentation, physical
investigation findings (jaundice only or jaundice and
hepatomegaly or jaundice and hepatosplenomegaly),
consanguinity of parents, laboratory results, and liver his-
topathology had no significant effect on surgical success.
The only predictor of surgical success was the age both
at diagnosis (odds ratio [OR]: 0.982, 95% confidence
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Table 2. Baseline laboratory values according to age groups

<60 days (n=34) 61-90 days (n=30) >90 days (n=17) p
Total bilirubin (mg/dL) 11.2+4.1 (3.6-21.6) 12.9+4.9 (5.3-24.3) 13.3+£8.3 (6.0-37.1) 0.312
Conjugated Bilirubin (mg/dL) 7.9+3.7 (2.7-18.6) 9.3+3.3 (4.6-17.9) 9.4+5.2 (4.0-24.3) 0.289
ALT (IU/L) 119+93 (14-441) 157+103 (36-526) 152+108 (43-387) 0.270
AST (IU/L) 193+137 (11-625) 250+£173 (92-982) 281+139 (98-609) 0.118
ALP (IU/L) 105941219 (105-6693) 1425+1079 (375-4617) 1113+633 (370-2289) 0.367
GGT (IU/L) 575+480 (80-2034) 10331809 (193-2978) 681+741 (32-3028) 0.030
Protein (g/dL) 5.9+0.8 (4.3-8.2) 5.8+0.5 (4.9-7.0) 6.2+0.9 (4.7-7.9) 0.191
Albumin (g/dL) 4.0+0.5 (2.0-5.0) 3.8+0.4 (3.1-4.5) 3.8+0.5 (3-4.8) 0.298
PT (INR) 1.29+0.58 (0.92-3.82) 1.48+0.93 (0.88-5.65) 1.36+0.46 (0.96-2.97) 0.552

ALP: alkaline phosphatase; ALT: alanine amino transaminase; AST: aspartate amino transaminase; GGT: gamma-glutamyl transferase; SD: standard deviation;
PT: prothrombin time; INR: international normalized ratio

Table 3. SNL and OS

2-year 5-year 10-year p
Survival with native liver (all) 69% 61% 57%
Successful surgery 87% 79% 76% <0.001
Unsuccessful surgery 49% 32% 22%
Overall survival (all) 75% 73% 71%
Successful surgery 89% 89% 86% 0.009
Unsuccessful surgery 65% 58% 58%

SNL: survival with native liver; OS: overall survival

Table 4. Effects of categorical variables on SNL and OS (Log rank)

Survival with native liver Overall survival
Variable Patients (n) MeanzSE survival (month)* p Patients (n) Mean+SE survival (month)* p
Age at admission
<60 days 34 173+20 0.049 34 243+17 0.019
>60 days 47 123+21 47 158+21
Age at surgery
<70 days 35 197+23 0.005 35 244+16 0.008
>70 days 43 107+19 43 148+19
Fibrosis * cirrhosis
Present 16 46+28 <0.001 16 96+36 <0.001
Absent 63 170+15 63 232%15
Surgery success#
Successful 46 204+17 <0.001 46 241+14 0.002
Unsuccessful 25 43+13 25 102+21

*Represents automatic calculated expected survival
#Among 78 operated patients, 71 were appropriate for surgical success evaluation
SNL: survival with native liver; OS: overall survival; SE: standard error
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Table 5. Effects of continuous variables on survival (Cox regression)

SNL 0s

Variable HR 95% ClI p HR 95% CI p

Age at admission (day) 1.008 1.001-1.015 0.019 1.008 1.000-1.016 0.058
Age at surgery (day) 1.007 0.9991.014 0.075 1.006 0.997-1.014 0.180
ALT (IU/L) 1.001 0.997-1.004 0.711 1.003 1.000-1.006 0.079
AST (IU/L) 0.999 0.997-1.002 0.613 1.001 0.998-1.003 0.662
ALP (IU/L) 1.000 1.000-1.000 0.509 1.000 1.000-1.001 0.027
GGT (IU/L) 1.000 1.000-1.001 0.364 1.000 1.0001.001 0.251
Total bilirubin (mg/dL) 1.048 0.986-1.113 0.129 1.042 0.975-1.113 0.222
Conjugated bilirubin (mg/dL) ~ 1.069 0.982-1.164 0.124 1.050 0.957-1.152 0.304
Albumin (mg/dL) 0.782 0.319-1.915 0.590 0.542 0.194-1.512 0.242
Protein (mg/dL) 1.609 1.033-2.506 0.035 1.559 0.924-2.630 0.096
PT (INR) 1.519 1.089-2.119 0.014 1.478 1.009-2.163 0.045

ALP: alkaline phosphatase; ALT: Alanine amino transaminase; AST: aspartate amino transaminase; Cl: confidence interval; GGT: gamma-glutamyl transferase;
HR: hazard ratio; SNL: survival with native liver; OS: overall survival; PT: prothrombin time; INR: international normalized ratio

Table 6. Independent prognostic factors affecting survival with native liver (Multivariate regression analysis)

SNL 0S
Variable HR 95% CI p HR 95% Cl p
Surgical success Successful vs. unsuccessful 0.114 0.044-0.291 <0.001 0.186 0.060-0.580 0.004
Fibrosis * cirrhosis on liver biopsy Present vs. absent 5.174 1.985-13.490 0.001 4.313 1.492-12.471 0.007
PT (INR) (for every one unit increase) 2.158 1.348-3.453 0.001 2135 1.188-3.834 0.011

Cl: confidence interval; HR: hazard ratio; SNL: survival with native liver; OS: overall survival

interval [Cl]: 0.965-1.000, p=0.046) and surgery (OR:
0.984, 95% CI: 0.969-0.999, p=0.038). Patients younger
than 60 days at diagnosis had significantly better surgi-
cal results compared to those older than 60 days at di-
agnosis (surgical success: 78.1% vs. 53.8%, respectively;
p=0.046). The mean age at surgery was significantly low-
er in patients who had a successful surgery (69.5+29 vs.
91.8+50.1 days, p=0.021), but we were unable to identify
a clear cut-off value for age at surgery although there was
a trend toward significance, with 60 days as a cut-off lim-
it for age at surgery (p=0.076).

Long-term follow-up: complications and outcomes

The mean follow-up duration was 9.4+7.5 years rang-
ing 0.2-21.4 years. Sixteen (19.7%) patients were lost
to follow-up. Of the remaining 65 patients, 13 (22.8%)
never had complications, 10 (17.5%) had liver transplan-
tation, 20 (24.6%) had at least one complication, and 22
(38.6%) died. The mean age at diagnosis differed be-
tween three groups (without complications, with compli-
cations, death; p=0.002). The mean age at diagnosis was
significantly lower in the no complication group com-

pared to the death group (40.9+3.5 days vs. 84.9+9.3
days, p=0.001).

Cholangitis was encountered in 33% (n=19) of patients
in the first 2 postoperative years. Of these, five had re-
peated episodes (2-4 times).

Living-related liver transplantation (LT) was performed
on 10 patients (M:F=7:3) ranging in age from 0.8 to 14.2
years. These patients received LT over a median duration
of 2.6 years after diagnosis. All the transplantreceiving
patients had undergone a previous Kasai operation ex-
cept for one patient having had a Sawaguchi operation
previously. No de novo LT was performed to date. The in-
dications for LT included surgery failure and progress to
liver cirrhosis with complications.

Eight patients (6.5%) were followed up over 10 years.
Among these patients, one had LT but others were alive
with their native livers. Four patients had at least one of
the following complications: portal hypertension, gastro-
esophageal varices, hypersplenism, and hepatopulmonary
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syndrome, and one patient (with a follow-up duration of
21.4 years) developed cholangioblastic hepatoblastoma
in addition to having all of the above-mentioned compli-
cations and underwent chemo- and radioembolization as
deemed inoperable, whereas two patients are still com-
plication free.

Prognostic factors of survival

The 2-, 5-, and 10-year OS rates, including all patients
with or without LT, were 75%, 73%, and 71%, respective-
ly, whereas the 2-, 5-, and 10-year SNL was 69%, 61%,
and 57%, respectively (Table 3). Sex, jaundice beginning
time, and physical examination findings (jaundice only
or jaundice and hepatomegaly or jaundice and hepato-
splenomegaly) had no significant effect on OS or SNL.

The univariate analysis revealed that the age at diagno-
sis younger than 60 days (p=0.049 for SNL and p=0.019
for OS), age at operation younger than 70 days (p=0.005
for SNL and p=0.008 for OS), and successful surgery
(p<0.001 for SNL and p<0.001 for OS) were good prog-
nostic factors, whereas the presence of fibrosis and/or
cirrhosis on the liver pathology indicated poor prognosis
(p<0.001 for SNL and p=0.002 for OS). Every one-day
delay in diagnosis was associated with a 1% increase in
mortality (hazard ration [HR]: 1.008; 95% CI: 1.001-1.015;
p=0.019), whereas every 0.1 unit increase in the pro-
thrombin time (INR) raised the risk of mortality by 5%
(HR: 1.519; 95% CI: 1.089-2.119; p=0.014).

Successful surgery (p<0.001 for SNL and p=0.004 for OS),
presence of fibrosis and/or cirrhosis on the liver pathology
(p=0.001 for SNL and 0.007 for OS), and the prothrombin
time (INR) at presentation (p=0.001 for SNL and p=0.011
for OS) were identified as independent prognostic factors
for both SNL and OS (Table 4, 5, 6).

DISCUSSION

This was a retrospective study investigating the long-
term follow-up results of patients with BA from a
large-volume academic pediatric hospital in Turkey. We
showed that the initial prothrombin time, liver histolo-
gy, and successful portoenterostomy were independent
prognostic factors for both OS and SNL in patients with
BA. In contrast, the only predictor of surgical success was
found to be age, both at diagnosis and surgery. Taken to-
gether, our results affirm the importance of early diagno-
sis and treatment in patients with BA.

The postoperative clearance of jaundice, which indicates
achievement of bile drainage, is considered a strong pre-

dictor of success for portoenterostomy. Most authors
have recommended referring the patient for LT evalua-
tion if persistent jaundice or elevated serum bilirubin are
present at 3 months after portoenterostomy (7,19,20).
Therefore, in the present study, surgical success was
defined as the clearance of jaundice (serum bilirubin <2
mg/dL) 3 months after portoenterostomy. The surgical
success rate was 64.8% in our study. Likewise, various
studies have reported that the clearance of jaundice can
be achieved with portoenterostomy in approximately
50%-60% of children (21,22). Surgical success is close-
ly related to SNL. The 4-year SNL was reported to be
around 50%, whereas the 5-year SNL was reported to
be 37%-49% from various European countries (5,6,22).
Successful surgery also increases the OS of patients with
BA and postpones LT (23). In accordance with literature,
we demonstrated that successful portoenterostomy re-
sulted in improved SNL and OS in patients with BA inde-
pendently from other factors.

A younger age at diagnosis and surgery were significant-
ly associated with better surgical results in our study in
accordance with most studies, which have demonstrated
better outcomes with younger age at operation (24,25).
In our cohort, mean age at diagnosis was 73.1+4.7 days
(median: 64 days), and mean age at operation was
76.8+4.7 days (median: 72 days), which are considered
delayed according to the widely shared opinion that suc-
cess in achieving bile drainage is better if portoenteros-
tomy is performed before the age of 60 days. Indeed, we
also showed that patients younger than 60 days at diag-
nosis had significantly better surgical results when com-
pared with those older than 60 days at diagnosis. Mean
age at surgery was significantly lower in patients whose
surgery was successful; however, we were unable to iden-
tify a clear cut-off value for age at surgery although there
was a trend toward significance with 60 days as a cut-off
limit for age at surgery. These results stress the impor-
tance of early diagnosis and timely surgical intervention
to construct a new bile drainage system for patients with
BA. Although we did not include age as a covariate in mul-
tivariate models of survival due to its strong correlation
with surgical success, it is apparent that the age at oper-
ation indirectly affects both SNL and OS in the long-term
by determining success of portoenterostomy.

We also investigated the effects of other potential fac-
tors on prognosis. The histopathological status of the
liver at the time of diagnosis and/or surgery appears to
be an important determinant of clinical outcomes, as it
relates to the functional status of the liver. In our co-
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hort, 19.8% of the patients had fibrosis and/or cirrhosis
in addition to the typical findings compatible with BA;
the patients had considerably poorer outcomes than
those without fibrosis or cirrhosis. The presence of fi-
brosis and/or cirrhosis on the liver pathology increased
the mortality risk by 2.7 times and was found to be an
independent prognostic factor. It was an independent
prognosticator of SNL as well. Although less studied
than age, the impact of liver pathology on outcomes of
BA has been shown by some authors. Consistent with
our findings, they have demonstrated that the absence
of liver fibrosis has a significant influence on SNL out-
comes irrespective of age at the time of the Kasai HPE
(13,16,17,26-29).

The prothrombin time (INR) is a direct measure of the
liver's biosynthetic capacity and therefore reflects the
functional status of the liver. Therefore, INR can be
deemed as important as the liver pathology in predicting
outcomes of patients with BA. Indeed, the prothrombin
time at initial presentation was found to be another inde-
pendent prognostic factor for both SNL and OS accord-
ing to our findings. To the best of our knowledge, this is
the first study demonstrating the influence of the initial
prothrombin time on the outcomes of BA. Taken togeth-
er with liver histology, these findings may reflect the im-
portance of underlying pathological and functional state
of liver on BA outcomes.

Several other prognostic factors have been identified to
date, including nonmodifiable factors, such as the type of
BA, portal pressure at the time of portoenterostomy, BA
with a polysplenia syndrome, and improvable factors such
as accessibility to LT or experience of the center in the
management of patients with BA (3). We did not study
the effects of these factors, as data were not available for
such variables. We noticed that although we had only two
patients with a polysplenia syndrome, they patients had
poor outcomes. Additionally, in the univariate analyses,
we showed that the initial serum ALP and protein levels
were associated with OS and SNL, respectively, which are
likely to be incidental findings because the multivariate
analysis did not reveal a significant effect.

In the current study the mean follow-up duration was
9.4+7.5 years (range: 0.2-21.4 years). Most patients sur-
viving for more than 3 years experienced major compli-
cations due to the underlying liver condition. Eight pa-
tients were followed up for over 10 years. Among these
patients, two were complicationfree, whereas the rest
had chronic complications, such as cholangitis, portal hy-

pertension, variceal bleeding, hypersplenism, hepatopul-
monary syndrome, and cholangioblastic hepatoblastoma.
Studies have reported 20-year survival rates of 21%-51%
in patients with BA with native liver (23,30). In our study,
OS and SNL were in line with the previous studies: 5-year
0OS:73%, SNL:61%; 10year OS: 71%, SNL: 57%. In light of
both this study and literature, we conclude that it is im-
portant to be aware of and look for the long-term compli-
cations of patients with BA for better outcomes.

To the best of our knowledge, this is the largest clinical
series of patients with BA from Turkey and one of the
largest single center series in the world. All patients were
diagnosed and treated in the same institution. Data com-
pleteness, including laboratory parameters and follow-up
results, was satisfactory in most patients. However, one-
fifth of the patients were lost to follow-up. Although
most patients were treated with Kasai HPE, a small pro-
portion of the patients underwent Sawaguchi operation.
LT was carried out in other institutions for most patients.
In addition, the study has inherent biases due to the ret-
rospective nature.

In conclusion, these findings lend support and add fur-
ther dimensions to existing data. Younger age at diag-
nosis is strongly associated with surgical success, which
in turn determines both SNL and OS. The prothrombin
time (INR) at presentation and liver pathology are oth-
er factors affecting long-term prognosis. These findings
suggest that structural and functional impairment of the
liver by the time of surgery is the key factor determining
the long-term prognosis of patients with BA. Therefore,
timely diagnosis and early referral to experienced surgical
centers are crucial for optimal management and favor-
able long-term results in BA.

Ethics Committee Approval: The present study was approved
by the Institutional Ethics Committee for Clinical Research and
complied with the principles of Helsinki Declaration.

Informed Consent: Written informed consent was obtained
from the patients who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - H.O., AY.; Design - D.H,, HO,;
Supervision - H.O,, AY.; Materials - D.H,, HO, AK, E.G, HD,
IIN.S.T.;SE,IK;AO.C;F.CT.;AY. Data Collection and/or Pro-
cessing - D.H.,H.O,AK,EG,HD,INST;SE,IK;AQ0C;FCT;
A.Y.; Analysis and/or Interpretation - D.H., H.O.; Writing Manu-
script - D.H; Critical Review - D.H, H.O., AK, E.G., HD, IN.S.T;
SE.,IK;AO.C;F.CT.AY.

473



Fedorchenko et al. Predictors of spontaneous HCV clearance

Turk J Gastroenterol 2019;30(5): 467-74

Conflict of Interest: The authors have no conflict of interest to
declare.

Financial Disclosure: The authors declared that this study has
received no financial support.

REFERENCES

1. Jimenez-Rivera C, Jolin-Dahel KS, Fortinsky KJ, Gozdyra P, Ben-
chimol El. International incidence and outcomes of biliary atresia. J
Pediatr Gastroenterol Nutr 2013; 56: 344-54. [CrossRef]

2. Chardot C, Serinet MO. Prognosis of biliary atresia: what can be
further improved? J Pediatr 2006; 148: 432-5. [CrossRef]

3. Wildhaber BE. Biliary atresia: 50 years after the first kasai. ISRN
Surg 2012; 2012: 132089. [CrossRef]

4. Lopez RN, Ooi CY, Krishnan U. Early and Peri-operative Prognostic
Indicators in Infants Undergoing Hepatic Portoenterostomy for Bili-
ary Atresia: a Review. Curr Gastroenterol Rep 2017; 19: 16.[CrossRef]
5. Serinet MO, Broué P, Jacquemin E, et al. Management of patients
with biliary atresia in France: results of a decentralized policy 1986-
2002. Hepatology 2006; 44: 75-84. [CrossRef]

6. Wildhaber BE, Majno P, Mayr J, et al. Biliary atresia: Swiss national
study, 1994-2004. J Pediatr Gastroenterol Nutr 2008; 46: 299-307.
[CrossRef]

7. Subramaniam R, Doig CM, Bowen J, Bruce J. Initial response to
portoenterostomy determines long-term outcome in patients with
biliary atresia. J Pediatr Surg 2000; 35: 593-7. [CrossRef]

8. Chittmittrapap S, Chandrakamol B, Poovorawan Y, Suwangool
P. Factors influencing outcome after hepatic portoenterostomy for
biliary atresia: a logistic regression analysis. J Med Assoc Thai 2005;
88:1077-82.

9. Altman RP, Lilly JR, Greenfeld J, Weinberg A, van Leeuwen K, Flan-
igan L. A multivariable risk factor analysis of the portoenterostomy
(Kasai) procedure for biliary atresia: twenty-five years of experience
from two centers. Ann Surg 1997; 226: 348-53. [CrossRef]

10. Pakarinen MP, Johansen LS, Svensson JF, et al. Nordic Pediatric
Surgery Study Consortium. Outcomes of biliary atresia in the Nordic
countries - a multicenter study of 158 patients during 2005-2016. J
Pediatr Surg 2018; 53: 1509-15. [CrossRef]

11. Sangkhathat S, Patrapinyokul S, Tadtayathikom K, Osatakul S.
Peri-operative factors predicting the outcome of hepatic porto-en-
terostomy in infants with biliary atresia. J Med Assoc Thai 2003; 86:
224-31.

12. Schoen BT, Lee H, Sullivan K, Ricketts RR. The Kasai portoen-
terostomy: when is it too late? J Pediatr Surg 2001; 36: 97-9.
[CrossRef]

13. Wildhaber BE, Coran AG, Drongowski RA, et al. The Kasai por-
toenterostomy for biliary atresia: A review of a 27-year experience
with 81 patients. J Pediatr Surg 2003; 38: 1480-5. [CrossRef]

14. Witt M, van Wessel DBE, de Kleine RHJ, Bruggink JLM, Hulscher
JBF, Verkade HJ. NeSBAR (Netherlands Study group on Biliary Atre-
sia Registry). Prognosis of Biliary Atresia after two-year Survival with

Native Liver: A Nationwide Cohort Analysis. J Pediatr Gastroenterol
Nutr 2018. [Epub ahead of print]. [CrossRef]

15. McKiernan PJ, Baker AJ, Kelly DA. The frequency and outcome of
biliary atresia in the UK and Ireland. Lancet 2000; 355: 25-9. [CrossRef]
16. Shteyer E, Ramm GA, Xu C, White FV, Shepherd RW. Outcome af-
ter portoenterostomy in biliary atresia: pivotal role of degree of liver
fibrosis and intensity of stellate cell activation. J Pediatr Gastroen-
terol Nutr 2006; 42: 93-9. [CrossRef]

17. Schweizer P, Liinzmann K. Extrahepatic bile duct atresia: how ef-
ficient is the hepatoporto-enterostomy? Eur J Pediatr Surg 1998; 8:
150-4. [CrossRef]

18. Rastogi A, Krishnani N, Yachha SK, Khanna V, Poddar U, Lal R.
Histopathological features and accuracy for diagnosing biliary atre-
sia by prelaparotomy liver biopsy in developing countries. J Gastro-
enterol Hepatol 2009; 24: 97-102. [CrossRef]

19. Hung PY, Chen CC, Chen WJ, Lai HS, Hsu WM, Lee PH, et al. Long-
term prognosis of patients with biliary atresia: a 25 year summary. J
Pediatr Gastroenterol Nutr 2006; 42: 190-5. [CrossRef]

20. Ohhama Y, Shinkai M, Fujita S, Nishi T, Yamamoto H. Early pre-
diction of long-term survival and the timing of liver transplantation
after the Kasai operation. J Pediatr Surg 2000; 35: 1031-4. [CrossRef]
21. Gauthier F, Luciani JL, Chardot C, et al. Determinants of life span
after Kasai operation at the era of liver transplantation. Tohoku J
Exp Med 1997; 181: 97-107. [CrossRef]

22. Davenport M, De Ville de Goyet J, Stringer MD, et al. Seamless
management of biliary atresia in England and Wales (1999-2002).
Lancet 2004; 363: 1354-7. [CrossRef]

23. Bijl EJ, Bharwani KD, Houwen RH, de Man RA. The long-term out-
come of the Kasai operation in patients with biliary atresia: a sys-
tematic review. Neth J Med 2013; 71: 170-3.

24. Sokol RJ, Shepherd RW, Superina R, Bezerra JA, Robuck P, Hoof-
nagle JH. Screening and outcomes in biliary atresia: summary of a
National Institutes of Health workshop. Hepatology 2007; 46: 566-
81. [CrossRef]

25. Grizelj R, Vukovic J, Novak M, Batinica S. Biliary atresia: the Cro-
atian experience 1992-2006. Eur J Pediatr 2010; 169: 1529-34.
[CrossRef]

26. Webb NL, Jiwane A, Ooi CY, Nightinghale S, Adams SE, Krishnan
U. Clinical significance of liver histology on outcomes in biliary atre-
sia. J Paediatr Child Health 2017; 53: 252-6. [CrossRef]

27. Weerasoriya VS, White FV, Shepred RW. Hepatic fibrosis and sur-
vival in biliary atresia. J Pediatr 2004; 144: 123-5. [CrossRef]

28. Sharma S, Das P, Dattagupta S, Kumar L, Gupta DK. Liver and
portal histopathological correlation with age and survival in extra
hepatic biliary atresia. Pediatr Surg Int 2011; 27: 451-61. [CrossRef]
29. Davenport M, Kerkar N, Mieli-Vergani G, Mowat AP, Howard ER.
Biliary atresia: the King's College Hospital experience (1974-1995). J
Pediatr Surg 1997; 32: 479-85. [CrossRef]

30. Wong CWY, Chung PHY, Tam PKH, Wong KKY. Long-term Re-
sults and Quality of Life Assessment in Biliary Atresia Patients: A 35-
Year Experience in a Tertiary Hospital. J Pediatr Gastroenterol Nutr
2018; 66: 570-4. [CrossRef]§

474


https://doi.org/10.1097/MPG.0b013e318282a913
https://doi.org/10.1016/j.jpeds.2006.01.049
https://doi.org/10.5402/2012/132089
https://doi.org/10.1007/s11894-017-0555-z
https://doi.org/10.1002/hep.21219
https://doi.org/10.1097/MPG.0b013e3181633562
https://doi.org/10.1053/jpsu.2000.0350593
https://doi.org/10.1097/00000658-199709000-00014
https://doi.org/10.1016/j.jpedsurg.2017.08.048
https://doi.org/10.1053/jpsu.2001.20020
https://doi.org/10.1016/S0022-3468(03)00499-8
https://doi.org/10.1097/MPG.0000000000002130
https://doi.org/10.1016/S0140-6736(99)03492-3
https://doi.org/10.1097/01.mpg.0000189324.80323.a6
https://doi.org/10.1055/s-2008-1071143
https://doi.org/10.1111/j.1440-1746.2008.05737.x
https://doi.org/10.1097/01.mpg.0000189339.92891.64
https://doi.org/10.1053/jpsu.2000.7765
https://doi.org/10.1620/tjem.181.97
https://doi.org/10.1016/S0140-6736(04)16045-5
https://doi.org/10.1002/hep.21790
https://doi.org/10.1007/s00431-010-1266-8
https://doi.org/10.1111/jpc.13371
https://doi.org/10.1016/j.jpeds.2003.09.042
https://doi.org/10.1007/s00383-010-2845-5
https://doi.org/10.1016/S0022-3468(97)90663-1
https://doi.org/10.1097/MPG.0000000000001854

