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Factors Related to the Clinical Outcomes of the 
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ABSTRACT
Objective: The Kasai portoenterostomy has been accepted as the primary therapeutic treatment for biliary atresia. 
However, successful bile drainage does not always promise a long-term native liver survival. Several clinical factors 
were evaluated to discover associations with the outcomes.
Methods: A retrospective chart review was conducted of infants with biliary atresia who underwent the conventional 
Kasai portoenterostomy at Siriraj Hospital, January 2006-August 2018. The patient demographics, perioperative 
clinical and laboratory data, adjuvant therapies, complications, and interventions were analyzed in correlation to 
the short- and long-term outcomes. The short-term outcome evaluated was the resolution of jaundice, while the 
long-term outcome was remaining jaundice-free with the native liver.
Results: The complete medical records of 80 patients were retrospectively reviewed. Their mean age at the time of 
the Kasai portoenterostomies was 97 days. Overall, 66.3% achieved jaundice clearance. The mean follow-up duration 
was 50.5 months, with 51.3% of the patients remaining jaundice-free with their native liver. A prolonged duration 
of a prophylactic antibiotic was significantly related to the jaundice clearance, with a p-value of 0.002. Moreover, 
a lower number of episodes of cholangitis was significantly related to a good long-term outcome (p-value, 0.024).
Conclusion: The prolonged provision of a prophylactic antibiotic as adjuvant therapy after the Kasai portoenterostomy 
was associated with jaundice clearance. An increased incidence of cholangitis episodes was associated with poor 
long-term outcomes. Postoperative adjuvant therapy should be standardized and maintained for the care of biliary 
atresia patients to improve their outcomes.
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INTRODUCTION	
	 Biliary atresia is an idiopathic inflammatory 
cholangiopathy of infancy. It is characterized by 
progressive fibrosing obliteration at varying levels of the 
intrahepatic and extrahepatic bile ducts, and inevitable 
cirrhosis.1,2  It is the most common cause of neonatal direct 
hyperbilirubinemia and cirrhosis in children, and the most 
common indication for pediatric liver transplantation 

worldwide.2,3 The Kasai portoenterostomy4 has been 
accepted as the primary therapeutic treatment for the 
restoration of bile flow and the preservation of the liver. 
However, the procedure produces variable outcomes. 
Successful drainage does not always predict a long-term, 
jaundice-free native liver survival as progressive irreversible 
liver injury and complications of cirrhosis (mainly portal 
hypertension) can occur despite adequate bile drainage 
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being achieved.3,5-8 Previous studies from large-scale 
institutions have demonstrated various pathological, 
clinical, and surgical factors associated with successful 
bile drainage and long-term, transplant-free survival.1,3,7-10

	 Unfortunately, the majority of infants in developing 
countries reach tertiary-care centers when they are older 
than the maximum recommended age of 2 months 
for the performance of a Kasai portoenterostomy. As 
well, liver transplantation is not always suitable for 
every family. Faced with limitations in financial support, 
transportation, and the provision of continuing care for 
the immunosuppressed children, a number of biliary 
atresia children die of end-stage liver disease. We therefore 
conducted this study to identify any clinical factors 
that are associated with improved outcomes for Kasai 
portoenterostomy.

MATERIALS AND METHODS
	 A retrospective chart review was conducted of infants 
with biliary atresia who underwent the conventional Kasai 
portoenterostomy procedure at Siriraj Hospital, January 
2006 - August 2018. Patients who were operated on at 
another hospital or who developed complications unrelated 
to biliary atresia or the Kasai operation were excluded. 
An analysis was made of the patient demographics and 
laboratory data with respect to the short- and long-term 
outcomes. The laboratory tests comprised the gamma-
glutamyl transpeptidase (GGT) levels prior to, and at 
specific times after, the operation, as well as the full range 
of liver function tests (total bilirubin, direct bilirubin, 
aspartate transaminase, alanine transaminase, and alkaline 
phosphatase). Also analyzed were the perioperative 
clinical data (postoperative steroid administration; the 
duration of the steroid; and intravenous and prophylactic 
antibiotic administration) to ascertain their impact on 
the short- and long-term outcomes. The short-term 
outcome evaluated was the achievement of jaundice 
clearance, which was defined as a serum total bilirubin 
level of ≤ 1.2 mg/dL at any time point after the procedure. 
Patients who did not achieve normalized bilirubin levels 
were considered to have the poor short-term outcome 
of no jaundice clearance. The long-term outcomes were 
categorized as “good” and “poor”. A good long-term 
outcome was defined as a patient being jaundice-free 
with the native liver for more than 6 months after the 
Kasai portoenterostomy, with regular monitoring up 
to the last follow-up appointment. On the other hand, 
the poor long-term outcomes comprised patients who 
remained clinically jaundiced or developed cirrhosis 
with the native liver, patients who underwent a liver 
transplantation, and disease-related deaths. In cases of 

patients who achieved jaundice clearance, the durations 
until the total bilirubin reached normal levels were 
evaluated. Details of the overall levels of complications 
that were suspected to affect the long-term outcomes (such 
as the development of cholangitis, the duration until the 
first episode of cholangitis, and the number of episodes 
of cholangitis) were correlated to both the short- and 
long-term outcomes. The diagnosis of cholangitis after 
the portoenterostomy procedure was based on clinical 
symptoms of either progressive jaundice, with or without 
fever and acholic stool. These were proven by increase 
bilirubin and GGT levels from baseline in association 
with leukocytosis and increase C-reactive protein level. 
The number of salvage interventions (namely, redo-
portoenterostomies and percutaneous biliary drainage) 
were reviewed to establish any associations with the 
long-term outcomes.  

Statistical analyses
	 Data were prepared and analyzed using PASW 
(Predictive Analytics Software) Statistics 18.0 (IBM 
SPSS Inc., Chicago, IL, USA). Descriptive statistics were 
presented as mean and standard deviation for normally 
distributed data, or as median with range in the case of the 
non-normally distributed data. For both the short- and 
long-term comparison groups, the independent sample 
t-test was used to compare the normally distributed 
data related to the good and poor outcomes, while the 
Mann–Whitney U test was employed for the non-normally 
distributed data. Categorical data were analyzed using 
Pearson’s chi-squared test, Yates’s continuity correction, 
or Fisher’s exact test to compare the proportional data 
of the two groups. A receiver operating characteristic 
curve was employed to identify the optimal cut-off points 
of age at operation to classify the patients with good 
outcomes. The sensitivity, specificity, positive predictive 
value, negative predictive value, and accuracy (all with the 
corresponding 95% confidence interval [95% CI]) were 
calculated for each cut-off point. Statistical significance 
was determined to be a p-value of < 0.05. The statistically 
significant factors identified in a univariate analysis 
were subsequently tested in a multivariate analysis. The 
latter model used multiple binary logistic regression 
and adjusted odds ratio (OR) in order to adjust for 
confounding factors and demonstrate the magnitude of 
any associations between the independent factors and 
the outcomes.

Ethics approval
	 The protocol for this study was approved by the 
Institutional Review Board of Siriraj Hospital (Si 641/2018).
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RESULTS
	 A total of 85 cases with biliary atresia were identified 
as having been treated at Siriraj Hospital from January 
2006 to August 2018. Complete medical records of 80 
of those patients were available and formed the basis of 
the study. There was a slight female predominance (a 
3:2 female-to-male ratio), as demonstrated in Table 1. 
The mean age at Kasai portoenterostomy was 97 days, 
ranging from 21-204 days. Approximately 94% of 
the cases received an adjuvant steroid for an average 
duration of 4 weeks. All cases received intravenous 
empirical antibiotics, mostly for durations of 2-3 weeks. 
A prophylactic antibiotic was provided to 97.5% of cases 
and maintained for durations of 12-24 months after the 
operation. Altogether, 66.3% of the patients achieved 
jaundice clearance while the remainder (33.7%) never 
attained normal bilirubin levels. The mean duration until 
jaundice clearance was 4 months, ranging from 4-72 
weeks after the operation. The incidence of postoperative 
cholangitis was 87.5%, occurring in 70 out of the total 
of 80 cases. The average duration to the development 
of cholangitis was approximately 2 months after the 
operation, with cases arising as early as within the first 
week and as late as 12 months. The overall mean number of 
cholangitis events was 3 episodes throughout the follow-up 
period. The incidences of the salvage procedures-redo-
Kasai operation and percutaneous transhepatic biliary 
drainage-were 7.5% and 15%, respectively. The mean 
follow-up duration was 50.5 months, with 51.3% of the 
patients remaining jaundice-free with their native liver 
for more than 6 months after the Kasai portoenterostomy.
	 By using a receiver operating characteristic curve 
to classify patients with reference to the short-term 
outcome, the optimal cut-off point for the age at operation 
was determined to be 90 days. In fact, the accuracy in 
predicting the long-term outcome was higher for the 
cut-off point of 80 days. However, as the majority of 
patients in this study were older, we elected to use the 
cut-off point of 90 days in the multivariate analysis 
(Tables 2 and 3). The sensitivity, specificity, positive 
predictive value, negative predictive value, and accuracy 
(all with the corresponding 95% CI) of each age group 
in predicting the outcomes are detailed in Tables 2 and 3.
	 The univariate analysis of the potential factors related 
to the good short-term outcome (the achievement of 
jaundice clearance) is presented in Table 4. The clinical 
factors significantly associated with jaundice clearance 
were an age at operation of less than 90 days, a prolonged 
duration of use of a prophylactic antibiotic, and the 
absence of postoperative cholangitis. The laboratory 
factors which were significantly lower among patients 
with jaundice clearance were the total and direct bilirubin 

levels, and the hepatic enzymes (aspartate transaminase 
and alanine transaminase). The only laboratory factor 
significantly higher among patients with jaundice clearance 
was the serum GGT level on postoperative day 1. The 
subsequent multivariate analysis of all of the significant 
factors associated with jaundice clearance revealed that 
the only independent factor was the duration of the 
prophylactic antibiotic, with an adjusted OR of 1.128 
(95% CI, 1.045–1.217) and a p-value of 0.002 (Table 5).
	 The univariate analysis of the potential factors related 
to the good long-term outcome (remaining jaundice-free 
with the native liver for more than 6 months after the 
operation) is demonstrated in Table 6. Approximately 
half of the study population (41 out of the 80 patients) 
remained jaundice-free with their native livers, all of 
which (100%) originally achieved jaundice clearance 
after the Kasai portoenterostomy. Twelve out of the 53 
patients who initially achieved jaundice clearance later 
became jaundiced or progressed to cirrhosis, accounting 
for 30.8% of the poor long-term outcome group. The 
clinical factors found to be significantly associated with 
the good long-term outcome were the initial achievement 
of jaundice clearance, an age at operation of less than 
80 days, a prolonged duration of use of a prophylactic 
antibiotic, a shorter duration until the attainment of 
jaundice clearance, the absence of postoperative cholangitis, 
and a lower number of episodes of cholangitis.
	 As previously mentioned, the cut-off point for the 
age at operation of 80 days more accurately predicted the 
long-term outcome than the cut-off point for the age of 
90 days. Consequently, the age at operation of less than 
90 days did not demonstrate any significant correlation 
to the good long-term outcome in the univariate analysis. 
As detailed in Table 6, the median age at operation of 
77 days for the patients with a good long-term outcome 
was considerably lower than the median of 99 days for 
those with a poor long-term outcome (p-value, 0.021). 
The multivariate analysis of all of the significant factors 
associated with the good long-term outcome established 
that the only independent factor was the lower number 
of episodes of cholangitis, with an adjusted OR of 0.678 
(95% CI, 0.484-0.949) and a p-value of 0.024 (Table 7).
	 As indicated in Tables 5 and 7, the multivariate 
analyses were not applied to certain factors. This was 
because those factors were involved in all, or none, of 
the measuring outcomes. Specifically, jaundice clearance 
was achieved in 100% of the cases with a good long-
term outcome, while postoperative cholangitis occurred 
in 100% of the cases with poor short- and long-term 
outcomes. Therefore, the ORs, 95% CIs, and p-values 
of those factors could not be calculated in the logistic 
regression analyses.
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TABLE 1. Patient demographics and clinical data (n = 80).

Factors	 Incidence/mean ± SD	 Percentage/range

Gender 

	 Female	 49	 61.3%

	 Male	 31	 38.7%

Age at Kasai operation (days)	 96.7 ± 39.8	 21–204

Body weight at operation (kilograms)	 5.2 ± 0.9	 2.8–6.9

Postop steroid administration

	 No	 5	 6.2%

	 Within 7 days	 55	 68.8%

	 After 7 days	 20	 25%

Duration of steroid administration (days)	 26 ± 9.5	 0–60

Duration of intravenous antibiotics (days)	 19.8 ± 10.1	 6–63

Prophylactic antibiotic 

	 Yes	 78	 97.5%

	 No	 2	 2.5%

Duration of prophylactic antibiotic (months)	 21.8 ± 22.8	 0–144

Jaundice clearance

	 Yes	 53	 66.25%

	 No	 27	 33.75%

Duration till jaundice clearance (weeks; n = 53)	 16.4 ± 13.8	 4–72

Postoperative cholangitis

	 Yes	 70	 87.5%

	 No	 10	 12.5%

Duration till cholangitis (weeks; n = 70)	 9.2 ± 18.5	 1–144

Cholangitis episodes (n = 70)	 3 ± 2.6	 0–12

Redo-Kasai operation	 6	 7.5%

PTBD	 12	 15%

Liver transplantation (LT)	 6	 7.5%

Follow up duration (months)	 50.5 ± 45.8	 1–153

Status (follow-up > 6 months)

	 Jaundice-free (NL)	 41	 51.3%

	 Deceased/cirrhosis/LT	 39	 48.7%

Abbreviations:  PTBD, percutaneous transhepatic biliary drainage; LT, liver transplantation; NL, native liver; SD, standard deviation
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TABLE 2. Accuracy of ages at different cut-off points in predicting short-term outcome.

TABLE 3. Accuracy of ages at different cut-off points in predicting long-term outcome.

                                           Sensitivity	               Specificity	                  PPV	                       NPV	                    Accuracy

                                             (95% CI)                   (95% CI)	                (95% CI)                (95% CI) 	                 (95% CI)

Age < 80 days	 0.547	 0.704	 0.784	 0.442	 0.600

n = 37	 (0.415–0.673)	  (0.515–0.841)	  (0.628–0.886)	  (0.304–0.589)	  (0.490–0.700)

Age < 90 days	 0.642	 0.667	 0.791	 0.486	 0.650

n = 43	  (0.507–0.757)	  (0.478–0.814)	 (0.648–0.886)	  (0.334–0.641)	  (0.541–0.745)

Abbreviations:  PPV, positive predictive value; NPV, negative predictive value

                                           Sensitivity	               Specificity	                  PPV	                       NPV	                    Accuracy

                                             (95% CI)                   (95% CI)	                (95% CI)                (95% CI) 	                 (95% CI)

Age < 80 days	 0.585	 0.667  	 0.649 	 0.605	 0.625

n = 37	 (0.434–0.722)	 (0.510–0.794)	 (0.488–0.782)	 (0.456–0.736)	 (0.515–0.723)

Age < 90 days	 0.634	 0.564	 0.605	 0.595	 0.600    

n = 43	  (0.481–0.764)	 (0.410–0.707)	 (0.456–0.736)	 (0.435–0.737)	 (0.490–0.700)

Abbreviations:  PPV, positive predictive value; NPV, negative predictive value

DISCUSSION
	 The current research is a continuation of an earlier 
study at the same single center11, but it included more 
participants and monitored them for a longer period. 
Previous studies have reported the impact of patient 
age at the time of surgery on the outcomes of the Kasai 
portoenterostomy.7,12,13  Our review obtained a finding 
consistent with that of many other studies, which is 
that a younger age at surgery improves the rates of 
jaundice clearance and transplant-free survival with 
the native liver.3,7,9,10,12,13 In more detail, this study found 
that a patient age of less than 90 days was significantly 
associated with the good short-term outcome of the 
achievement of jaundice clearance. Moreover, those 
aged less than 80 days were significantly associated 
with the good long-term outcome (maintaining the 
jaundice-free status with the native liver for more than 6 
months after the operation). In Thailand, the majority of 
patients receive a Kasai portoenterostomy later than the 

maximum recommended age of 2 months. Concerned 
about the burdensome need to provide constant care 
to those patients, the authors were motivated to find 
any significant controllable factors impacting on the 
improvement of their care and the achievement of better 
outcomes. Despite the present study’s findings, it is not 
our hospital’s policy to withdraw salvage surgery when 
infants with biliary atresia present at an age over 90 
days. On the contrary, the hospital encourages the Kasai 
portoenterostomy in children presenting as late as 4 or 
5 months of age with less than a hard liver consistency. 
The aim is to provide the opportunity-no matter how 
limited-for the children to grow, and for their families to 
appreciate the children’s requirements and understand 
the long-term care needed prior to the imminent liver 
transplantation. The Kasai portoenterostomy procedure 
may provide more time for those patients and their 
families for whom a liver transplantation may not be 
feasible in the future for a range of reasons.
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TABLE 4. Univariate analysis of laboratory and clinical factors related to good short-term outcome (jaundice 
clearance).

Factor                                                                                               Jaundice clearance		  P-value
			   Yes (n = 53)	 No (n = 27)	

Gender, n (%) 			   0.985

	 Female	 33 (62.3%)	 16 (59.3%)

	 Male	 20 (37.7%)	 11 (40.7%)	

Age at Kasai operation (days)

	 Mean ± SD	 87.2 ± 35.8	 115.3 ± 41.3

		  Age < 90, n (%)	 34 (64.2%)	 9 (33.3%)	 0.002
	 	 Age ≥ 90, n (%)	 19 (35.8%)	 18 (66.7%)	 0.017
Body weight at operation (kg)			   0.503

	 Mean ± SD	 5.3 ± 0.94	 5.2 ± 0.98	

Liver function test, median (min-max)

	 Total bilirubin (TB) 	 9.1 (4.3–17.5)	 10.6 (6.85–31.3)	 0.003
	 Direct bilirubin (DB)	 8.0 (3.2–14.4)	 9.1 (5–26.1)	 0.015
	 Aspartate transaminase (AST)	 205 (3–1101)	 286 (114–843)	 0.001
	 Alanine transaminase (ALT)	 129 (10–505)	 193 (42–554)	 0.023
	 Alkaline phosphatase (ALP)	 492 (270–871)	 487 (383–846)	 0.171

	 Gamma-glutamyl transpeptidase (GGT)	 705 (121–2491)	 450 (84–2184)	 0.132

GGT on postoperative day 1	 n = 49	 n = 23	 0.014
	 Median (min-max)	 913 (114–3031)	 478 (79–3062)	

GGT at 3 months after operation	 n = 34	 n = 18	 0.397

	 Median (min-max)	 650.5 (15–1796)	 524 (34–1990)	

GGT at 4 months after operation	 n = 32	 n = 13	 0.764

	 Median (min-max)	 435.5 (20–2752)	 316 (27–2302)	

GGT at 5 months after operation	 n = 27	 n = 9	 0.144

	 Median (min-max)	 315 (20–2480)	 784 (136–1311)	

GGT at 6 months after operation	 n = 26	 n = 8	 0.239

	 Median (min-max)	 212 (18–1990)	 369 (70–1280)	

Postoperative steroid administration			   0.671

	 None, n (%)	 4 (7.5%)	 1 (3.7%)

	 Within 7 days, n (%)	 37 (69.8%)	 18 (66.7%)

	 After 7 days, n (%)	 12 (22.7%)	 8 (29.6%)	

Duration of steroid (days), median (min-max)	 28 (0–60)	 28 (0–38)	 0.724

Duration of intravenous antibiotic (days)

	 Median (min-max)	 18 (7–42)	 14 (6–63) 	 0.477

Prophylactic ATB (n = 78), n (%)	 52 (98.1%)	 26 (96.3%)	 1.000

Duration of prophylactic antibiotic (months)			   < 0.001
	 Median (min-max)	 24 (0–144)	 5 (0–60)	

Postoperative cholangitis, n (%)	 43 (81.1%)	 27 (100%)	 0.014
Duration till cholangitis (weeks)	 n = 43	 n = 27

	 Median (min, max)	 5 (1–144)	 4 (1–28)	 0.666

Episodes of cholangitis, median (min, max)	 2 (0–12)	 2 (1–8)	 0.124

Abbreviations:  ATB, antibiotic; SD, standard deviation
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Factor                                                          Unadjusted OR                                           Adjusted OR

                                                                          (95% CI)	                    
P-value

                      (95% CI)	                   
 P-value

Age < 90 days	 3.579 (1.347–9.512)	 0.011	 2.817 (0.630–12.592)	 0.175

TB	 0.803 (0.680–0.949)	 0.010	 0.581 (0.245–1.380)	 0.219

DB	 0.795 (0.653–0.968)	 0.022	 1.893 (0.680–5.264)	 0.222

AST	 0.997 (0.994–0.999)	 0.013	 1.001 (0.995–1.007)	 0.822

ALT	 0.994 (0.989–1.000)	 0.034	 0.991 (0.976–1.005)	 0.217

Postop GGT	 1.001 (1.000–1.002)	 0.048	 1.000 (0.999–1.002)	 0.528

Duration of prophylactic ATB 	 1.118 (1.051–1.189)	 < 0.001	 1.128 (1.045–1.217)	 0.002

Postoperative cholangitis	 Not applicable		  Not applicable	

TABLE 5. Univariate and multivariate analyses adjusted for significant factors associated with jaundice clearance, 
plus postoperative cholangitis.

Abbreviations:  TB, total bilirubin; DB, direct bilirubin; AST, aspartate transaminase; ALT, alanine transaminase; Postop GGT, postoperative 
gamma-glutamyl transpeptidase; ATB, antibiotic

	 The study identified several probable factors associated 
with jaundice resolution after a Kasai portoenterostomy. 
Significant laboratory results were found with the good-
short-term-outcome group, with lower levels of bilirubin 
and liver enzymes being found with earlier, rather than 
later, ages at diagnosis and at operation. For that reason, 
the multivariate analysis did not find those factors to 
be significant independent correlates of the short-term 
outcome. The only independent factor associated with 
the achievement of jaundice clearance was the prolonged 
provision of a prophylactic antibiotic. Nevertheless, a 
conclusion could not be made that the administration 
of a prophylactic antibiotic secured a better short-term 
outcome. This is because a number of individuals with poor 
outcomes expired prior to the scheduled discontinuation 
of the prophylactic antibiotic at 18-24 months after 
the operation, resulting in an overall shorter duration 
of prophylactic antibiotic usage for the poor-outcome 
group.
	 Postoperative cholangitis, a common and serious 
complication following the Kasai portoenterostomy, has 
been varyingly reported to occur in between 40% and 93% 
of cases.5,10,14-17 Moreover, its occurrence has been found 
to significantly reduce the survival rate of patients with 
either good or inadequate bile flow7,16,17, and repeated 
episodes-especially within the first 2 years of surgery-have 
been associated with a decrease in native liver survival 
and, ultimately, with the need for liver transplantation.18-21  

In the current study, the overall incidence of cholangitis 
was 87.5%, and perioperative intravenous antibiotics 
were universally provided (usually for 1-2 weeks, but 
even longer if the cholangitis worsened). The majority 
of the antibiotics were combinations of third generation 
cephalosporins and metronidazole. A postoperative, 
adjuvant, prophylactic antibiotic was subsequently provided 
to prevent recurrence of the cholangitis, most episodes 
of which typically occur within 12 months of the Kasai 
procedure.16,21,22  Nevertheless, recent trials and systematic 
reviews have yielded inconclusive results for determining the 
effectiveness of prophylactic antibiotics for the prevention 
of cholangitis after the Kasai portoenterostomy.19,22–24  In 
addition, there is no strong evidence that the prolonged 
use of oral prophylactic antibiotics beyond the early 
postoperative period offers any greater protection against 
cholangitis.5,19,23 Still, most experienced institutions provide 
oral prophylactic antibiotics for periods of 6 months 
or longer, similar to the requirements of our hospital’s 
protocol. A randomized control trial by Bu et al.22 found 
that there was a significantly lower rate of recurrent 
cholangitis among patients provided with prophylactic 
antibiotics than that for a historical control group who 
did not receive antibiotics. Although a Dutch national 
cohort by deVries et al.24 did not identify any reduction 
in the cholangitis rate of the prophylactic antibiotic 
group, it did demonstrate that the prophylactic usage 
was associated with a higher, 4-year, transplant-free 
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TABLE 6. Univariate analyses of laboratory and clinical factors related to good long-term outcome (remaining 
jaundice-free with native liver).

Factor                                                                                      Jaundice-free with native liver	                           P-value

	                                                                                   Yes (n = 41)	 No (n = 39)	

Jaundice clearance (n = 53), n (%)	 41 (100%)	 12 (30.8%)	 < 0.001

Age at operation (days), median (min-max)	 77 (31–162)	 99 (21–204)	 0.021

	 < 90 days, n (%)	 26 (63.4%)	 17 (43.6%)	 0.116

	 ≥ 90 days, n (%)	 15 (36.6%)	 22 (56.4%)

	 < 80 days, n (%)	 24 (58.5%)	 13 (33.3%)	 0.027

	 ≥ 80 days, n (%)	 17 (41.5%)	 26 (66.7%)	

Preoperative GGT	 n = 35	 n = 36	 0.765

	 Median (min-max)	 705 (121–2335)	 596 (84–2491)	

Postoperative GGT	 n = 38	 n = 34	 0.250

	 Median (min-max)	 874.5 (114–2345)	 732 (79–3062)	

GGT at 3 months after operation	 n = 26	 n = 26	 0.985

	 Median (min-max) 	 581 (15–1796)	 578 (34–1990)	

GGT at 4 months after operation	 n = 27	 n = 18	 0.926

	 Median (min-max)	 439 (20–2752)	 305.5 (27–2302)	

GGT at 5 months after operation	 n = 21	 n = 15	 0.067

 	 Median (min-max)	 282 (20–2480)	 624 (100–1311)	

GGT at 6 months after operation	 n = 20	 n = 14	 0.069

	 Median (min-max)	 198.5 (18–1990)	 383.5 (70–1280)	

Postoperative steroid administration			   0.495

	 No, n (%)	 3 (7.3%)	 2 (5.1%)

	 Within 7 days, n (%)	 30 (73.2%)	 25 (64.1%)

	 After 7 days, n (%)	 8 (19.5%)	 12 (30.8%)	

Duration of steroid (days), median (min-max)	 28 (0–60)	 28 (0–38)	 0.074

Duration of intravenous antibiotics (days)			   0.674

	 Median (min-max)	 17 (7–42)	 18 (6–63)	

Prophylactic antibiotic (n = 78), n (%)	 40 (97.6%)	 38 (97.4%)	 1.000

Duration of prophylactic antibiotic (months)			   0.006

	 Median (min-max)	 21 (0–88)	 11 (0–144)	

Duration till jaundice clearance (weeks)	 n = 41	 n = 12	 0.006

	 Median (min-max)	 9 (4–72)	 20.5 (9–60)	

Postoperative cholangitis, n (%)	 31 (75.6%)	 39 (100%)	 0.001

Duration till cholangitis (weeks)			   0.368

	 Median (min-max)	 3 (1–29)	 4 (1–144)	

Episodes of cholangitis, median (min-max) 	 1 (0–12)	 3 (1–11)	 < 0.001

Redo-Kasai operation, n (%)	 2 (4.9%)	 4 (10.3%)	 0.426

PTBD, n (%)	 4 (9.8%)	 8 (20.5%)	 0.301

Abbreviations:  GGT, gamma-glutamyl transpeptidase; PTBD, percutaneous transhepatic biliary drainage
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TABLE 7. Univariate and multivariate analyses of all significant factors associated with good long-term outcome, 
plus jaundice clearance and postoperative cholangitis.

Factor 
                                                              Unadjusted OR                                         Adjusted OR

                                                                                (95% CI)	                     
P-value

                 (95% CI)	                 
P-value

Jaundice clearance	 Not applicable		  Not applicable

Age < 90 days	 2.243 (0.915–5.500)	 0.077	 0.700 (0.139–3.536)	 0.666

Duration of prophylaxis antibiotic	 1.009 (0.988–1.030)	 0.391	 0.982 (0.950–1.016)	 0.304

Duration till jaundice clearance	 0.962 (0.920–1.005)	 0.085	 1.000 (0.941–0.062)	 0.998

Postoperative cholangitis	 Not applicable		  Not applicable	

Episodes of cholangitis	 0.703 (0.562–0.880)	 0.002	 0.678 (0.484–0.949)	 0.024

survival rate of 54% compared to 34% for the control 
group. Our protocol of providing a prophylactic antibiotic 
for 18-24 months after the Kasai operation is based on 
several lines of evidence. Firstly, recurrent cholangitis 
frequently occurs during the first 2 years of the Kasai 
procedure. In addition, the auto-anastomosis of the 
internal fistula between the bile ductules in the portal 
plate and the intestinal mucosa matures within 6 weeks of 
the operation.15  Finally, wound maturation takes 18-24 
months in general. Another reasonable approach would 
be to provide protection during the immunosuppression 
phase of concomitant steroids and discontinue their use 
after 1 year, i.e., once the cholangitis risk is significantly 
decreased.19 In the present study, the multivariate analysis 
of the factors associated with jaundice clearance was not 
able to be applied to postoperative cholangitis due to the 
100% involvement of the postoperative cholangitis in the 
group of patients without jaundice clearance (Table 4).
	 In the analysis of the factors associated with a good 
long-term outcome (remaining jaundice-free with the 
native liver for more than 6 months after the operation), 
the only independent factor that was found was the 
lower number of episodes of cholangitis. Interestingly, 
the episodes were not a significant factor related to the 
short-term outcome of jaundice clearance. This is because 
the incidences of cholangitis occurred for a median of 2 
episodes in the group with jaundice resolution as well as 
in the group without jaundice resolution. On the other 
hand, the patients who remained jaundice-free with 
their native liver developed cholangitis for a median of 1 
episode, while those who had a poor long-term outcome 
had a median of 3 episodes of cholangitis throughout 
their follow-up period (adjusted OR, 0.678; 95% CI, 

0.484–0.949; p-value, 0.024). These findings are consistent 
with previous studies which reported that, firstly, an 
increased number of cholangitis episodes negatively 
affected the native liver survival, and secondly, having 
episodes more than 2 years after the Kasai portoenterostomy 
appeared to be a prognostic marker for a future liver 
transplantation.18,20,21

	 In addition to cholangitis, the univariate analysis 
demonstrated other significant factors affecting the 
long-term outcome, namely, an age at operation of less 
than 80 days, the achievement of jaundice clearance, a 
prolonged provision of a prophylactic antibiotic, and a 
shorter duration to attain jaundice clearance. In a long-
term study of native liver patients who had survived 
for more than 20 years after the Kasai operation, Nio 
et al.25 concluded that the age at operation, the early 
development of cholangitis, and the time to jaundice 
resolution were prognostic factors influencing long-
term native liver survival. In contrast, the multivariate 
analysis performed for the current study found that the 
number of cholangitis episodes was the only independent, 
significant factor affecting the long-term outcomes. 
Jaundice clearance was present in 100% of the patients 
who achieved a good long-term outcome, while the 
development of cholangitis was present in 100% of the 
patients who had poor long-term outcomes. Therefore, 
a logistic regression analysis could not be performed for 
the 2 variables, jaundice clearance and the development 
of cholangitis.
	 Consistent with other studies26,27, it is evident from 
the present study that jaundice clearance following the 
Kasai portoenterostomy was essential for long-term 
native liver survival. If the age at the operation is the 
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first controllable factor in the management of biliary 
atresia, surgical technical standardization would be the 
second factor impacting on the resolution of jaundice. 
To maintain a jaundice-free, native liver survival, 
postoperative adjuvant therapy would be the third key 
factor. Our surgical technique was based on the original 
Kasai operation.4 It was modified in accordance with 
the Tohoku University standardization protocol, which 
entails a moderate dissection when transecting the fibrous 
remnants of the porta hepatis in the same plane as the 
liver capsule.26 
	 Another important adjuvant therapy is the provision 
of corticosteroids during the postoperative care period 
following a Kasai portoenterostomy. The results of 
randomized controlled trials3,28,29 and meta-analyses30,31 

have indicated that the administration of moderate- to 
high-dose steroids is beneficial by increasing the rate 
of jaundice clearance during the first 6 months after 
the operation. The majority of those trials found that 
the elevated rate of jaundice clearance occurred only in 
patients operated on at a younger age. Even so, those 
patients did not demonstrate any improvement in their 
long-term, native liver survival rates. The meta-analysis 
by Chen et al.31 also revealed that a longer duration of 
steroid therapy following the Kasai portoenterostomy 
failed to elicit any further beneficial outcomes. Our 
postoperative steroid regimen typically consisted of a 
low dose of oral prednisolone (2 mg/kg/day), which was 
tapered by half each week for 4 consecutive weeks; that 
dosage was provided to 94% of the patients in the current 
study. No differences were evident in either the short- 
or long-term outcomes of the steroid and non-steroid 
groups; however, this was most likely the result of the 
very low number of participants in the non-steroid group. 
Furthermore, variations in the timing of the initiation of 
the steroids did not produce any significant differences 
in the outcomes of the no-steroid, early-steroid, and late-
steroid groups. Nevertheless, at our institution, the use of 
steroids is deemed to be an important adjuvant therapy 
during the postoperative care period. They are also used 
for the treatment of cholangitis after a portoenterostomy, 
given the evident inflammatory process presented and 
the very rare incidence of side effects associated with 
the steroids.
	 The incidences of the salvage procedures (redo-
portoenterostomy and percutaneous biliary drainage) were 
quite low. The redo-portoenterostomy would be provided 
for patients with a history of biliary drainage or jaundice 
clearance after the first portoenterostomy, which later 
developed recurrent jaundice. The percutaneous biliary 
drainage was the intervention for those with recurrent 

jaundice or cholangitis, which imaging proved biliary 
collection or biloma. The analysis of their correlation 
to the long-term outcomes did not demonstrate any 
statistical significance.
	 Finally, the analysis of GGT activity was included in 
the present study to discover any correlation the activity 
might have with bile drainage or any prognostic value 
that would facilitate the prediction of portoenterostomy 
outcomes. Serum GGT has been utilized to indicate 
cholestasis, and an elevated level has been reported to 
be highly accurate in differentiating biliary atresia from 
other causes of neonatal cholestasis.32,33 Interestingly, 
the present study found that the median serum GGT 
level on postoperative day 1 was significantly higher 
for the patients with jaundice resolution than for those 
without (913 and 478 IU/L, respectively; p-value, 0.014). 
Furthermore, in our comparison of the good and poor 
long-term outcomes, the median serum GGT levels on 
postoperative day 1 were 874.5 vs. 732 IU/L, respectively, 
although with no statistical significance. Despite several 
drop-out variables at each time point, the serum GGT 
activity of the patients with jaundice clearance tended 
to peak on day 1 before gradually decreasing below the 
serum GGT levels for the patients who had persistent 
jaundice during months 5 and 6 post-surgery, albeit 
without statistical significance. By contrast, the GGT 
activity of the patients with persistent jaundice tended 
to start in the high 300-500s IU/L and either persist at 
that level or climb to a peak in month 5 after surgery. 
Having examined the correlation between GGT activity 
and the outcomes after the Kasai portoenterostomy, Ihn 
et al.34 reported that a concentration exceeding 550 IU/L 
at month 5 was one of the independent risk factors for 
decreased native liver survival. Our review of the serum 
GGT level did not elicit any statistical significance in both 
the short- and long-term outcome analysis. Nevertheless, 
given appropriate long-term care, a decreasing serum GGT 
level is expected in month 5 for the patients, especially 
in the case of those who achieved a normalized bilirubin 
level within 4 months of the operation. Thus, it is highly 
desirable to collect a larger and more complete set of data 
to analyze the GGT activity in patients with long-term 
native liver survival, even though the results would be 
mainly of prognostic value.
	 With the inherent limitations of a retrospective 
review, this is another descriptive study on the outcomes 
of the treatment of biliary atresia. It is difficult for a 
single center with a limited number of patients to reach 
statistical significance in the analysis of the listed factors. 
Still, the study demonstrated comparable outcomes to 
research by other large-scale centers, with its 66.3% 
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jaundice clearance rate; a 51.3% jaundice-free, native 
liver survival within a mean follow-up duration of 50 
months; and an essentially acceptable treatment regimen. 
Further clarification and collaboration with other centers 
may help standardize the treatment protocol for this rare 
disease.

CONCLUSION
	 The prolonged provision of a prophylactic antibiotic 
as adjuvant therapy during the postoperative care of 
biliary atresia patients after the Kasai portoenterostomy 
was associated with a good short-term outcome (the 
achievement of jaundice clearance). The increased number 
of cholangitis episodes was associated with poor long-
term outcomes, including poor native liver survival. 
Postoperative adjuvant therapy should be standardized 
and maintained for the care of biliary atresia patients to 
improve their outcomes.
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