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Objectives: Kasai portoenterostomy (KPE) is the primary treatment for biliary atresia (BA) with subsequent liver
transplantation in failed cases. The aim of this work was to study the outcome of KPE in children with BA and
identify the factors predicting a successful KPE. Methods: Children diagnosed with BA and undergoing KPE be-
tween January 2010 and January 2018 were included in the study. A successful KPE was defined as decrease in
bilirubin to less than 2mg/dL at 6 months after KPE. Factors affecting the outcome (successful KPE and survival
with native liver [SNL] at 2 years) were evaluated by logistic regression. Results: A total of 79 children with post-
KPE BA were included. Successful KPE was achieved in 29 (36.7%) of 79 children undergoing KPE. The data for
survival with native liver at 2 years were available for 61 children as 9 were lost to follow up before 2 years and
another 9 were aged less than 2 years at the time of analysis. Twenty-seven (44.3%) of these 61 survived with their
native liver at 2 years. On logistic regression analysis, lower age at KPE, use of postoperative steroids and absence
of cholangitis were significant predictors of a successful KPE. A successful KPE at 6 months was the lone inde-
pendent predictor of SNL at 2 years in these children. Conclusion: Early age at KPE, use of postoperative steroid
and prevention of cholangitis can result in successful KPE. Those with successful KPE are likely to survive with
their native liver at 2 years. ( J CLIN EXP HEPATOL 2019;9:453–459)
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Biliary atresia (BA) is a progressive obliterative chol-
angiopathy of the intrahepatic and extrahepatic
bile ducts with a fatal outcome if left untreated.1

The Kasai portoenterostomy (KPE) is the primary treat-
ment with subsequent liver transplantation (LT) in cases
in whom it is unsuccessful. The principle of KPE in BA is
to remove the atretic extrahepatic ducts early at a time
when intrahepatic ducts are still patent so as to establish
bile flow to the intestine at an early stage and prevent
further progression of the disease. The outcome of KPE
is evaluated by the clearance of jaundice (serum bilirubin
< 2 mg/dL) within 6 months of KPE2–5 and the survival
with native liver (SNL). SNL after KPE has been observed
in the range of 32–59% at 5 years and between 27 and
52% at 10 years, whereas the overall survival was 42–89%
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at 5 years and 40–68% at 10 years.2–6 Factors known to
influence the success of KPE include early age at
surgery,2,7,8 experience of the surgical centre,5,9 presence
of associated abnormalities7,10,11 and anatomic and
histological appearance of the extrahepatic biliary tree.12–
15 Steroids, by virtue of their antiinflammatory and
choleretic roles, can favourably influence the outcome of
BA.16 Repeated episodes of cholangitis can adversely affect
the outcome of BA after KPE.17 However, there is scarcity
of Indian data on outcomes of patients with BA and the
factors determining the success of KPE.18–20 So, the
present study was undertaken to study the outcome of
KPE in Indian children and the factors influencing the
outcome after KPE.
MATERIAL AND METHODS

The study was conducted at a public sector, tertiary care
liver institute. It was a retrospective study, and approval
was obtained from the institutional ethics committee
(IEC no: IEC/2016/45/MA/06). All children aged less
than 1 year diagnosed with BA between January 2010
and January 2018 were included in the study. Demo-
graphic, clinical, laboratory, radiological and surgical in-
formation was collected from the patient's records in
the hospital information system and entered in a
vier B.V. All rights reserved.
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pretested proforma. Operative cholangiography was the
gold standard for diagnosis of BA in those operated.
Among those who were not operated, diagnosis of BA
was based on characteristic histopathological features of
bile ductular proliferation, portal expansion with loose
oedematous fibrosis and ductular bile plugs,21,22 with or
without ultrasonographic features,23,24 in addition to
supportive history and examination. Baseline liver
function tests, haemogram and international
normalized ratio (INR) were recorded. The degree of
fibrosis was assessed on liver biopsy based on METAVIR
staging system, and F3/F4 were labelled as advanced
fibrosis.25 All patients undergoing KPE underwent a
wedge liver biopsy intraoperatively. The duct size was
determined from remnant hilar tissue specimen sent at
surgery. The presence of ductal plate malformation was
also reviewed from preoperative liver biopsy specimens.
Liver stiffness was measured by transient elastography
(TE) (FibroScan touch 502, Echosens, E300M001.5,
Version 5), and the value was expressed in kilopascals
(kPa). The use of steroids and prophylactic antibiotics
in the postoperative period was recorded. In the group
operated at our centre from 2014 onwards, postoperative
steroids were started on day 7 if no evidence of infection
was found. Prednisolone was given for 2 weeks at a dose
of 2 mg/kg/day, followed by gradual tapering over the
next 4 weeks. All children operated or followed up at
our centre received prophylactic cyclical antibiotics for a
period of at least one year after surgery/last episode of
cholangitis, whichever was later. The antibiotics were
alternated cyclically at an interval of 3 weeks. The antibi-
otics used were cefixime at a dose of 4 mg/kg/day and
ofloxacin at a dose of 7.5 mg/kg/day. Cholangitis was
defined as the presence of any three of the following
four: fever (absence of other causes), increasing jaundice,
acholic stools and leucocytosis. All patients received urso-
deoxycholic acid (UDCA), fat-soluble vitamins, multivi-
tamin supplements and nutritional rehabilitation.
Those patients who could not be operated because of
late presentation with advanced liver disease were listed
for primary liver transplantation. Successful KPE was
defined as a decrease in the total serum bilirubin to less
than 2 mg/dL within first 6 months after KPE.
STATISTICAL ANALYSIS

Continuous variables were expressed as mean � standard
deviation and categorical variables as proportions. Univar-
iate analysis for successful KPE and SNL at 2 years was per-
formed using independent samples t-test for continuous
variables and chi-square test for categorical variables. Lo-
gistic regression analysis was used to identify the indepen-
dent predictors of successful KPE and SNL at 2 years. P
value < 0.05 was taken as statistically significant. Kaplan–
454 © 2018 Indian National Associa
Meier survival curves were made for factors affecting SNL
at 2 years. All analyses were performed using SPSS v 22.0
(SPSS, Chicago, IL).
RESULTS

A total of 107 new patients with BA presented to this hos-
pital, of which 42 were operated and 65 could not be oper-
ated because of various reasons: 55 children had
histological cirrhosis and/or decompensation, 1 who had
tracheoesophageal fistula was referred to another hospital
and in 9 patients, consent was not given for KPE. The 55
patients with advanced liver disease were offered primary
liver transplant. An additional 37 cases of post-KPE BA
referred to our hospital within 1 month of their surgery
were also included. Hence, a total of 79 cases of post-KPE
BA were included in the final analysis [Figure 1]. The base-
line demographic, clinical and laboratory profile of pa-
tients operated at our centre and other centres is
depicted in Table 1. Nine patients (11.4%) were operated
at an age less than 60 days; 40 (50.6%), between 60 and
90 days; 20 (25.3%), at an age of 90–120 days and 10
(12.7%), beyond 120 days of life. The youngest child oper-
ated was 49 days old operated at the Institute of Liver and
Biliary Sciences, and the oldest child operated aged 210
days at another centre. Fifty-six of 79 (70.9%) children expe-
rienced at least 1 episode of cholangitis after KPE within 2
years of age. Twenty-six patients received steroids after
KPE.
SUCCESSFUL KPE AT 6 MONTHS

Of the 79 patients who underwent KPE, 29 (36.7%) patients
cleared their jaundice within 6 months of KPE. In children
operated at < 60 days, 55.6% cleared their jaundice by 6
months, whereas in those operated between ages 61–90
and 91–120 days, 42.5% and 35% of the patients cleared
their jaundice, respectively. All infants operated beyond
120 days had unsuccessful KPE. On univariate analysis
of children with successful vs unsuccessful KPE, lower
age of presentation (mean difference = 16 days, 95% confi-
dence interval [CI] = 5–27, P = 0.006), lower age at the time
of KPE (mean difference = 17 days, 95% CI = 6–29,
P = 0.003), absence of advanced fibrosis (odds ratio
[OR] = 0.36, 95% CI = 0.13–0.96, P = 0.046), use of steroids
(OR = 5.3, 95% CI = 1.9–14.8, P = 0.001) and absence of
cholangitis (OR = 0.24, 95% CI = 0.08–0.66, P = 0.009)
were significant predictors of a successful KPE (Table 2).
On logistic regression analysis, younger age of the infant
at the time of KPE (adjusted OR = 0.97, 95% CI = 0.95–
0.99, P = 0.038), use of steroids (adjusted OR = 5.1, 95%
CI = 1.7–15.6, P = 0.004) and absence of cholangitis
(adjusted OR = 4.2, 95% CI = 1.3–13.7, P = 0.017) were in-
dependent predictors of a successful KPE.
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Table 1 Baseline Demographic and Laboratory Profile of Post-Kasai Portoenterostomy Patients.

Parameters Operated at our centre (n = 42) Operated at other centres (n = 37) P value

Age at presentation (days) 83.2 � 29.6 75.2 � 27.4 0.195

Age at KPE (days) 89.9 � 30 89.8 � 30 0.958

Gender, male/female 27/15 23/14

Total bilirubin (mg/dl) 11.4 � 3.7 9.6 � 3 0.04

Aspartate aminotransferase (IU/ml) 322.8 � 209.9 306.9 � 355.6 0.862

Alanine aminotransferase (IU/ml) 223.7 � 184.8 217.4 � 164.4 0.949

Alkaline phosphatase (IU/ml) 588.7 � 268.4 839.9 � 509.7 0.029

Gamma-glutamyl transferase (IU/ml) 599.3 � 507.2 663.8 � 517 0.480

Serum albumin (G/dl) 3.4 � 0.4 3.3 � 0.5 0.204

Transient elastography (kPa) 23.6 � 19.5 NA

Imaging findings n (%)

Nonvisualization of CBD 42 (100)

Nonvisualization of GB 30 (71.4)

Pseudo gall bladder 12 (28.6)

Triangular cord sign 8 (19) NA

Splenic malformation 3 (7.1)

Cholangitis after KPE 26 (61.9) 30 (81.1) 0.083

Use of steroids after KPE 18 (42.9) 8 (21.6) 0.06

Decrease in bilirubin to < 2 mg/dl within 6 months of KPE 16 (38.1) 13 (35.1) 0.819

CBD, common bile duct; GB, gall bladder; ILBS, Institute of Liver and Biliary Sciences; kPa, kilo-Pascals; KPE, Kasai portoenterostomy.

Figure 1 Patient selection and inclusion and exclusion criteria. FU, follow-up; ILBS, Institute of Liver and Biliary Sciences; KPE, Kasai portoenteros-
tomy; LT, liver transplantation; SNL, survival with native liver; TEF, Tracheo-esophageal fistula.
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Table 2 Predictors of Successful Kasai Portoenterostomy (Bilirubin < 2 mg/dl at 6 Months)—Univariate and Multivariate
Analysis.

Factors Successful KPE
(n = 29)

Unsuccessful KPE
(n = 50)

Effect size
(95% CI)

P value Logistic Regression
Analysis

Age of Presentation (days) 69.7 � 17.9 85.5 � 32 �16 (-27 to -5) 0.006 Not included in LRA

Age at KPE (days) 78.9 � 15.9 96.4 � 33.7 �17 (-29 to -6) 0.003 Adj OR 0.97
(95% CI: 0.95–0.99);
P = 0.038

Total bilirubin (mg/dl) 9.9 � 3.2 10.7 � 3.6 �0.9 (�2.5 to 0.7) 0.287

Aspartate aminotransferase (IU/ml) 285 � 345 332 � 212 �47 (�185 to 95) 0.507

Alanine aminotransferase (IU/ml) 187 � 152 238 � 188 �51 (�142 to 39) 0.260

Serum albumin (G/dl) 3.5 � 0.4 3.3 � 0.5 0.2 (�0.14 to 0.36) 0.365

Transient elastography (kPa) 34.6 � 28.3 41.8 � 26.2 �7.2 (�21 to 6.5) 0.297

Presence of BASM 1 (3.4%) 7 (14%) 0.2 (0.03–1.8)a 0.246

Presence of DPM 5 (17.2%) 7 (14%) 1.2 (0.35–4.3)a 0.756

Duct size (m) 166.4 � 126.5 146 � 136 20.4 (�71 to 113) 0.657

Advanced fibrosis 16 (55.2%) 39 (78%) 0.36 (0.13–0.96)a 0.046 NS

Use of steroids after KPE 16 (55.2%) 10 (20%) 5.3 (1.9–14.8)a 0.001 Adj OR 5.1
(95% CI: 1.7–15.6)
P = 0.004

Cholangitis 15 (51.7%) 41 (82%) 0.24 (0.08–0.66)a 0.009 Adj OR 4.2
(95% CI: 1.3–13.7)
P = 0.017

Adj OR, adjusted odds ratio; BASM, biliary atresia splenic malformation; CI, confidence interval; DPM, ductal plate malformation; kPa, kilo-Pascals;
KPE, Kasai portoenterostomy; NS, not significant.
aEffect size described in odds ratio.
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SURVIVALWITHNATIVE LIVERAT 2 YEARSOF
AGE

Of the 79 post-KPE children, 9 were lost to follow up after
6months after KPE, and another 9 are still less than 2 years
old. All those lost to follow up were from the unsuccessful
KPE group. Of the remaining 61, 27 (44.3%) survived
with their native liver at 2 years of age, 31 (50.8%) died
and 3 (4.9%) received LT (Figure 1). The reason for no LT
in 31 cases was due to declining the LT option and logistic
constrains including nonavailability of donor and funds.
The SNL at 2 years was 66.7%, 44.8%, 37.5% and 28.6% in
children undergoing KPE at <60, 61–90, 91–120
and > 120 days, respectively. On univariate analysis, lower
bilirubin at 3 months after KPE (mean
difference = 9.3 mg/dL, 95% CI = 7.1–11.5, p < 0.0005),
higher albumin at 3 months (mean difference = 0.6 g/
dL, 95% CI = 0.2–1, P = 0.006), use of steroids (mean differ-
ence = 1.73, 95% CI = 0.99–3, P = 0.037) and successful KPE
(OR = 21.4, 95% CI = 3.1–146, p < 0.0005) were significant
predictors for SNL at 2 years of age (Table 3). On logistic
regression, a successful KPE was the only independent pre-
dictor of SNL at 2 years of age (adjusted OR = 115.5, 95%
CI = 11.9–1119, P < 0.0005). Figure 2 shows the Kaplan–
Meier survival curve until 2 years of age based on successful
456 © 2018 Indian National Associa
KPE, age at KPE, usage of steroids and presence of cholan-
gitis.
DISCUSSION

In the present study, successful KPE was seen in 29 of 79
(36.7%) of those operated, which is similar to that seen in
previous studies from India.18–20 SNL at 2 years was seen
in 27 of 61 patients (44.3%) which is again similar to
another report from Western Indian metro.20 The present
study reveals that age at KPE, use of steroids and absence of
cholangitis are independent predictors of successful KPE.
A successful KPE in this study was the single independent
predictor of SNL at 2 years of age. The mean age at presen-
tation and at KPE was 79.7� 28.6 days and 90� 29.6 days,
respectively. The delayed age of KPE at our centre is similar
to other studies from India.18–20,26,27 In contrast, the usual
age at surgery is less in patients operated outside India. It
has been observed in several studies that eventual
outcome after KPE is better if KPE is performed before
45–60 days of age.2–6 In our study, age at KPE was an
independent predictor of success of KPE (adjusted OR =
0.97, 95% CI = 0.95–0.99, P = 0.038). Although SNL at 2
years was better in children undergoing KPE at a
younger age, the difference was not significant, probably
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Table 3 Predictors of Survival With Native LLiver at 2 Years (Univariate and Multivariate Analysis).

Factors SNL 2 years
(n = 27)

No survival at 2 years
(n = 34)

Effect size (95% CI) P value Logistic Regression
Analysis

Age of presentation (days) 71.5 � 22.1 82.9 � 31.7 �11.4 (�25.7 to 3.1) 0.120

Age at KPE (days) 81.9 � 24.7 92.7 � 32.5 �10.8 (�25.8 to 4.4) 0.160

Bilirubin at 3 months (mg/dl) 3.2 � 3.1 12.5 � 5.2 �9.3 (-11.5 to -7.1) < 0.0005 NS

Albumin at 3 months (G/dl) 2.9 � 0.8 2.3 � 0.5 0.6 (0.2–1) 0.005 NS

Transient elastography (kPa) 40.7 � 29.7 39.6 � 27 1.1 (�14.1 to 16.4) 0.967

Presence of BASM 2 (7.4%) 6 (17.6%) 0.7 (0.44–1.1)a 0.283

Presence of DPM 3 (11.1%) 5 (14.7%) 0.88 (0.49–1.6)a 1

Presence of advanced fibrosis 17 (62.9%) 24 (70.6%) 0.85 (0.5–1.4)a 0.590

Use of steroids after KPE 14 (51.8%) 9 (26.5%) 1.73 (0.99–3)a 0.037 NS

Cholangitis 15 (55.6%) 26 (76.5%) 0.63 (0.35–1.132)a 0.105

Successful KPE 23 (85.2%) 1 (2.9%) 21.4 (3.1–146)a <0.0005 Adjusted OR 115.5
(95% CI 11.9–1119),
P < 0.0005

BASM, biliary atresia splenic malformation; CI, confidence interval; DPM, ductal plate malformation; kPa, kilo-Pascals; KPE, Kasai portoenterostomy;
NS, not significant; OR, odds ratio.
aEffect size described as odds ratio.
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because of a small sample size. Another factor that impacts
the outcome of KPE is the surgical technique, which
involves the meticulous dissection of the liver hilum and
biliary remnant, and the outcome is better in centres that
perform more than 5 surgeries per year.5,9 There was no
Figure 2 Kaplan–Meier survival curve for survival with native liver stratified by
angitis.

Journal of Clinical and Experimental Hepatology | July–August 2019 | Vol. 9
difference in the success of KPE between children
operated at our centre and those operated at other
centres as most of the patients were operated at
specialized centres. The degree of fibrosis, especially
advanced fibrosis, has been associated with a poor
success of Kasai, age at Kasai, use of steroids and occurrence of chol-
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outcome of KPE in few studies.12–15 In the present study,
although the presence of advanced fibrosis was a
predictor of unsuccessful KPE on univariate analysis, it
did not attain statistical significance on multivariate
analysis. TE has been used as a noninvasive method for
assessing the fibrosis in children with biliary atresia.28,29

In the present study, preoperative TE did not predict
either the outcome after KPE or SNL at 2 years.

Steroids have been used as an adjunct therapy after KPE
to increase the bile flow, with conflicting results in a sys-
tematic review30 and in a recent meta-analysis.16 In the pre-
sent study, the use of steroids was associated with higher
clearance of jaundice and was an independent predictive
factor for successful KPE. However, steroid use did not
directly influence the SNL at 2 years. Similar results were
demonstrated by Davenport et al who showed that use of
high-dose steroids (beginning with 5 mg/kg/day) led to
higher clearance of jaundice than no steroids but did not
affect the SNL.31 Davenport et al concluded that steroids
may have a beneficial role in the first 6 months after
KPE, especially in those operated at < 70 days of age.4

Despite the higher age at KPE, steroids have been beneficial
in the cohort used in the present study also. This reveals
the promise steroids hold in successful bile drainage after
KPE.

Cholangitis is one of the most important determinants
of success after KPE, and the incidence of cholangitis has
been to be found to be as high as 40%–93% in various
studies.32,33 Similarly, 71% of children in the present
study had at least one episode of cholangitis despite the
use of prophylactic antibiotics. Moreover, the presence of
cholangitis was an independent predictor of unsuccessful
KPE. In a previous large Chinese study, the presence of
recurrent cholangitis was the only independent predictor
of a failed KPE.32 Three out of 4 studies including a ran-
domized controlled trial analyzed in a systematic review
published in 2016 concluded that the use of prophylactic
antibiotics reduced the number of cholangitis, and hence,
it may be advocated to routinely use postoperative prophy-
lactic antibiotics in all children after KPE.34 In the present
study, we have alternated the antibiotics cyclically to pre-
vent the emergence of antibiotic resistance.

Decline in serum bilirubin, reflecting effective bile
drainage, has been regarded as a clinical sign of successful
KPE and is associated with improved native liver sur-
vival.2,7 Various studies have found different cut-off for
bilirubin for predicting the success of KPE.4,15,19 In
Taiwanese infants, a postoperative bilirubin level
<20 mmol/L (1.2 mg/dL) at any stage predicted a better
prognosis;2 however, in another study from the United
States, bilirubin levels <34 mmol/L (2 mg/dL) at 3 months
was found to be associated with better native liver survival.7

In the present study, a successful KPE defined by clearance
of jaundice within 6 months after KPE was the only inde-
458 © 2018 Indian National Associa
pendent predictor of SNL at 2 years. Most studies now
define a successful KPE as clearance of jaundice within 6
months after KPE.2–5

The present study is limited by the small sample size,
retrospective nature of data collection and surgical cohort
from multiple centres. To conclude, age at KPE, use of
postoperative steroids and absence of cholangitis are inde-
pendent predictors of successful KPE, and a successful KPE
is an independent predictor of SNL at 2 years.
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