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Biliary atresia (BA) is a progressive obstruction and fibro-obliteration of the extrahepatic and
intrahepatic biliary tract that causes cholestatic jaundice in infants, resulting in biliary cirrhosis and even
death in the first year of life if the Kasai procedure is not performed at an earlier age. There are many
prognostic factors that could affect the survival of patients with BA after Kasai surgery, however results
still show some conflicting findings. A retrospective study was conducted using medical records of patients
with BA who underwent Kasai surgery at Dr. Sardjito Hospital, Yogyakarta, Indonesia from June 2012 to
April 2018. Twenty-nine BA patients were involved in our study, with 16 males and 13 females. Log-rank
analysis showed a significant association between survival rate of BA patients with albumin level 1 month
and 3 months after Kasai surgery, with p-values of 0.043 and 0.016, respectively. Interestingly, multivariate
analysis revealed that cholangitis tended to have an association with BA patients’ survival (p=0.09). In
conclusion, the BA patients’ survival might be affected by the presence of cholangitis after Kasai surgery.
Further multicenter studies with a larger sample size are important to verify our results.

INTRODUCTION

Biliary atresia (BA) is a progressive obstruction and fibro-obliteration of the extrahepatic and intrahepatic
biliary tract that causes cholestatic jaundice in infants, resulting in biliary cirrhosis and even death in the first year
if the Kasai surgery is not performed at an earlier age (1, 2). The incidence of BA is reported to occur in 1: 8,000
to 1: 18,000 live births (2, 3), while its incidence in Yogyakarta, Indonesia is 1:7,000 live births (4).

BA needs to be treated promptly early in life to prevent biliary cirrhosis and liver failure (5). The Kasai surgery
is the main surgical action in dealing with BA (6). However, the life expectancy of BA patients after Kasai
procedure in 5 years is only 65% (7). There are many prognostic factors that could affect the survival of patients
with BA after Kasai surgery, however results still show some conflicting findings (7-10). Therefore, we
investigated the association of prognostic factors and the survival rate of patients with BA after Kasai surgery in
an Indonesian population.

MATERIALS AND METHODS

Patient samples

A retrospective study was conducted using medical records of infants with BA who underwent Kasai surgery
at Dr. Sardjito Hospital in Yogyakarta, Indonesia from June 2012 to April 2018. Our study was approved by the
Institutional Review Board of the Faculty of Medicine, Public Health and Nursing, Universitas Gadjah Mada/Dr.
Sardjito Hospital (KE/FK/1088/EC/2017).

We analyzed 29 BA patients during our designated study period with 16 male and 13 female patients, with the
median of age at Kasai surgery of 103 (Interquartile range - IQR, 86-131) days.

Prognostic factors

We evaluated and correlated the following prognostic factors and the survival rate of patients with BA after
Kasai surgery: gender, age at Kasai surgery, presence of cholangitis, portal hypertension, and esophageal varices,
total bilirubin and albumin levels 1 month and 3 months after Kasai procedure. We defined the survived patient as
5-year survival rate.

We divided total serum bilirubin (TB) levels at 1-month and 3-months post-Kasai samples into normal (<2
mg/dL) and abnormal (>2 mg/dL) according to a previously published study (11). We divided serum albumin
levels at 1-month and 3-months post-Kasai samples into normal (>3.5 g/dL) and abnormal (<3.5 g/dL).
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Moreover, we also defined postoperative jaundice-free ratio as TB postoperative day 30 and preoperative
(TB30/TBO) ratio. Its cutoff value was determined by receiver operating characteristics (ROC) curve.

Statistical Analysis

The data were presented as frequencies. Univariate analysis using Fisher exact test was performed to identify
the association between prognostic factors and BA patients’ survival rate, followed by multivariate analysis using
logistic regression. Survival analysis using Kaplan Meier test method and log-rank test were utilized to analyze
patients' cumulative survival.

RESULTS

Baseline characteristics
We ascertained 29 BA patients with the overall survival after Kasai operation of 51.7% (Table I).

Association between prognostic factors and BA patients’ survival

First, we analyzed the association of BA patients’ characteristics with their survival rate. We found that only
albumin level at 3 months after surgery was significantly associated with 5-year survival rate (OR=28.33 [95%
Cl=1.30-617.96]; p=0.013) (Table I).

Table 1. Association between prognostic factors and BA patients’ survival after Kasai surgery.

Prognostic Factor Dead (h, %) Survived (n, %) OR (95% CI) p
Gender
=  Male 6 (20.7) 10 (34.5) 0.38 (0.08-1.69) 0.27
=  Female 8 (27.6) 5(17.2) Reference
Age at Kasai surgery
= <60 days 1(3.4) 1(3.4) 1.08 (0.06-19.05) 1.0
= >60days 13 (44.8) 14 (48.3) Reference

Albumin level 1

month after surgery

= <35g/dL 8 (29.6) 4 (14.8) 4 (0.80- 20.02) 0.13
= >35g¢g/dL 5(18.5) 10 (37) Reference

Albumin level 3

months after surgery

= <35g/dL 8 (42.1) 4 (21.1) 28.33 (1.30-617.96) 0.013"
= >35¢/dL 0 7 (36.8) Reference

Total bilirubin level 1

month after surgery

= >2mg/dL 12 (41.4) 11 (37.9) 2.18 (0.33-14.36) 0.65
= <2mg/dL 2(6.9) 4 (13.8) Reference

Total bilirubin level 3

months after surgery

= >2mg/dL 7(35) 7(35) 5 (0.46-54.52) 0.32
= <2mg/dL 1(5) 5 (25) Reference

Cholangitis

= Present 10 (34.5) 6 (20.7) 3.75 (0.80-17.72) 0.14
= Absent 4(13.8) 9(31) Reference

Portal hypertension

= Present 7(24.1) 4(13.8) 2.75 (0.58-12.98) 0.26
= Absent 7(24.1) 11 (37.9) Reference

Esophageal varices

= Present 0 1(3.4) 0.50 (0.02-8.38) 1.0
= Absent 14 (48.3) 14 (48.3) Reference

*, significant (p<0.05); BA, biliary atresia; Cl, confidence interval; OR, odds ratio.

Multivariate analysis of prognostic factors for BA patients’ survival
Interestingly, multivariate analysis revealed that cholangitis tended to have an association with the BA patients’
survival (p=0.09) (Table II).
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Table I1. Multivariate analysis of prognostic factors for BA patients’ survival.

Prognostic Factor OR (95% CI) p
Gender 1.30 (0.45-36.86) 0.88
Albumin level 1 month after surgery 0.83 (0.01-41.95) 0.63
Total bilirubin level 1 month after surgery - 1.0
Total bilirubin level 3 months after surgery 1.56 (0.13-18.92) 0.62
Cholangitis 0.74 (0.21-2.69) 0.09
Portal hypertension 0.52 (0.17-1.63) 0.20

BA, biliary atresia; Cl, confidence interval; OR, odds ratio.

Kaplan-Meier (log rank) test

We compared the survival curves between groups using the Kaplan-Meier method (Fig. 1). Interestingly, log-
rank test showed a significant association between 5-year survival rate of BA patients with albumin levels 1 month
and 3 months after Kasai surgery, with p-value of 0.043 and 0.016, respectively (Fig. 1).

. B . umin
5 5
€ € p=0.043"
3 2 <
. p=0a8 o p=
% 5 % 7 3 » & % 3 % 2
- Overall Survival (Months) ’
Overall survival (Month) (Merite) Overall survival (Month)
D 1 E o] 1 mhlubma:lman:hF
3. P=0.016" ~ . p=o.22
5 3 " L
@ H =0.67 H
5 H r H
E H
3, ] 5
L) % P 3 3 £ i
Overall Survival (months) Gverall Survival (months)
Overall Survival (Month)
G 1 H ]

p=0.99
p=0.55

Cum Survival
Cum Survival
Cum Survival

Fig. 1. Kaplan-Meier analysis for association between prognostic factors: A) Gender; B) Age at Kasai surgery; C) Albumin
level at 1 month after surgery; D) Albumin level at 3 months after surgery; E) Total bilirubin level at 1 month after
surgery; F) Total bilirubin level at 3 months after surgery; G) Cholangitis; H) Portal hypertension; I) Esophageal varices;
and BA patients’ survival. Log rank test showed that albumin levels 1 month and 3 months after surgery had a significant
association with the survival of BA patients after Kasai surgery, with p-value of 0.043 and 0.016, respectively.

Furthermore, the cutoff value of TB30/TBO for this study was 0.92 (sensitivity 76.9%, specificity 61.5%, and
area under curve 0.72 [95% CI1=0.52-0.92]). Log-rank test did not reveal a significant association between 5-year
survival rate of BA patients after Kasai surgery with TB30/TBO0 (p=0.07).

DISCUSSION

We were able to show that the albumin levels 1 month and 3 months after operation can predict the BA patients’
survival rate following Kasai surgery. Patients with albumin level of <3.5 g/dL at 1 month and 3 months after
surgery had a higher risk (~4 and ~28-fold, respectively) for poor prognosis compared with those with albumin
level of >3.5 g/dL (Table 1). These findings were consistent with previous reports that serum albumin levels of
BA patients <3.5 mg/dL at 3 months after Kasai surgery was a poor prognostic indicator for native liver survival
(12, 13). Low albumin causes ascites, resulting in increased mortality of infants with chronic liver disease. The
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presence of ascites implies liver decompensation and has a higher risk for bacterial peritonitis and hepatorenal
syndrome adding to the risk for mortality due to liver failure (14).

Cholangitis is one of the most common complications after Kasai surgery occurring in 40-93% of cases (15,
16). The incidence of cholangitis in our study was similar to these reports with approximately 55%. Interestingly,
our study revealed that cholangitis is an indicator of poor prognosis for patients after Kasai procedure. This finding
was compatible with previous studies (15, 17). The incidence of cholangitis has been strongly associated with
preoperative nutritional status of BA patients after Kasai procedure (18). Therefore, it might be necessary to
perform additional studies to clarify the effect of preoperative nutritional status on BA patients’ survival after
surgery.

Total bilirubin level after Kasai surgery has been shown to be a significant prognostic factor for native liver
survival in BA patients (7, 11-13, 19). However, our study failed to show their association, which might be due to
the small sample size, becoming a limitation of our report. Further study with a larger sample size is necessary to
support the hypothesis.

Most of our patients underwent Kasai surgery at more than 60 days of age. Although not significantly correlated
with the age when the Kasai surgery was performed, the survival rate of BA patients in our report was only 51.7%.
It has been proved that earlier age of operation has a good prognosis for BA patients’ survival (3, 20, 21). However,
this hypothesis is not always confirmed (13, 22, 23). Ramos-Gonzales et al. (13) presented that only total bilirubin
> 2mg/dL and albumin < 3.5g/dL at 3 months after Kasai operation were significant predictors for transplantation
need in future, but not age at Kasai nor gender. Thus, the best time for the Kasai surgery to be performed to gain a
better outcome for BA patients is still controversial (3, 13, 20-23).

The frequency of BA was slightly higher in male patients than females (55.2 vs. 44.8%, respectively) in this
study. In contrast, other reports described that BA is more commonly found in female patients (60.3%) than males
(39.7%) (24). In addition, we found that the association between gender and BA patients’ survival was not
statistically significant. This result was supported by previous reports (25, 26).

Our study also did not find any impact of portal hypertension and esophageal varices on BA patients’ survival.
The results of this study are similar to a previous study which concluded that the presence of portal hypertension
within 1 year postoperatively was not a significant risk factor in predicting initial surgery failure (25). However,
our study’s results differed from previous studies (27-29). Most BA children will develop progressive liver fibrosis
resulting in portal hypertension (27). Esophageal varices are one of the portal hypertension manifestations,
including splenomegaly, hypersplenism and ascites. These complications will cause significant morbidity and
mortality of BA patients (27).

There are several weaknesses of our study. First, the small sample size in our study might affect the results of
non-significant association between some prognostic factors and BA patients’ survival after Kasai surgery. Second,
this was a single center study that might not reflect the other pediatric surgical centers in Indonesia.

In conclusion, the BA patients’ survival might be affected by the presence of cholangitis after Kasai procedure.
Further multicenter studies with a larger sample size are important to verify our results.

ACKNOWLEDGEMENTS

We thank all those who provided outstanding technical help during the research. Some results for the
manuscript are from Shiefa Annisa Qisthi, Daniel Simada Pandapotan Saragih, and David Wijaya Sutowo’s theses.

REFERENCES

1. Wildhaber, B.E. 2012. Biliary Atresia: 50 years after the first Kasai. ISRN Surg. Article ID 132089.

Peterson, C. 2006. Pathogenesis and treatment opportunities for biliary atresia. Clin Liver Dis 10(1):73-88.

3. Shneider, B.L., Brown, M.B., Haber, B., Whitington, P.F., Schwartz, K., Squires, R., Bezerra, J.,
Shepherd, R., Rosenthal, P., Hoofnage, J.H., and Sokol, R.J. 2006. A multicenter study of the outcome of
biliary atresia in the United States, 1997 to 2000. J Pediatr 148(4): 467-74.

4. Gunadi, Gunawan, T.A., Widiyanto, G., Yuanita, A., Mulyani, N.S., and Makhmudi, A. 2018. Liver
transplant score for prediction of biliary atresia patients’ survival following Kasai procedure. BMC Res Notes
11: 381.

5.  Agm, M., Tiimgér, G., Alkan, M., ()zden, (3., Satar, M., and Tuncer, R. 2016. Clues to the diagnosis of
biliary atresia in neonatal cholestasis. Turk J Gastroenterol 27: 37-41.

6. Hartley, J.L., Davenport, M., and Kelly, D.A. 2009. Biliary Atresia. Lancet 374(9702): 1704—13.

7.  Chusilp, S., Sookpotarom, P., Tepmalai, K., Rajatapiti, P., Chongsrisawat, V., Poovorawan, Y., and
Vejchapipat, P. 2016. Prognostic values of serum bilirubin at 7th day post-Kasai for survival with native
livers in patients with biliary atresia. Pediatr Surg Int 32(10): 927-31.

8. Kelly, D.A., and Davenport, M. 2007. Current management of biliary atresia. Arch Dis Child 92(12): 1132-35.

N

E59



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

E60

S.A. QISTHI et al.

Bassett, M.D., and Murray, K.F. 2008. Biliary Atresia. J Clin Gastroenterol 42(6): 720-9.

Sasaki, H., Tanaka, H., Wada, M., Kazama, T., Nakamura, M., Kudo, H. Okubo, R., Sakurai, T., and
Nio, M. 2016. Analysis of the prognostic factors of long-term native liver survival in survivors of biliary
atresia. Pediatr Surg Int 32(9): 839-43.

Shneider, B.L., Magee, J.C., Karpen, S.J., Rand, E.B., Narkewicz, M.R., Bass, L.M., Schwarz, K.,
Whitington, P.F., Bezerra, J.A., Kerkar, N., Haber, B., Rosenthal, P., Turmelle, Y.P., Molleston, J.P.,
Murray, K.F., Ng, V.L., Wang, K.S., Romero, R., Squires, R.H., Arnon, R., Sherker, A.H., Moore, J., Ye,
W., and Sokol, R.J. 2016. Total serum bilirubin within 3 months of hepatoportoenterostomy predicts short-
term outcomes in biliary atresia. J Pediatr 170: 211-7.

Nightingale, S., Stormon, M.O., O’Loughlin, E.V., Shun, A., Thomas, G., Benchimol, E.I., Day, A.S.,
Adams, S., Shi, E., Ooi, C.Y., Kamath, B.M., Fecteau, A., Langer, J.C., Roberts, E.A., Ling, S.C., and
Ng, V.L. 2017. Early posthepatoportoenterostomy predictors of native liver survival in biliary atresia. J
Pediatr Gastroenterol Nutr 64(2): 203-9.

Ramos-Gonzalez, G., Elisofon, S., Dee, E.C., Staffa, S.J., Medford, S., Lillehei, C., and Kim, H.B. 2019.
Predictors of need for liver transplantation in children undergoing hepatoportoenterostomy for biliary atresia.
J Pediatr Surg. 54: 1127-31.

Shanmugam, N.P., Narasimhan, G., and Rajindrajith, S. 2016. Living with biliary atresia: from kasai
portoenterostomy to liver transplantation. Sri Lanka Journal of Child Health. 45(2): 116-22.

Ernest, V.H.L., Saing, H., and Tam, P.K. 2003. Cholangitis after hepaticportoenterostomy for biliary atresia:
a multivariate analysis ofrisk factors. J Pediatr 142: 566-71.

Decharun, K., Leys, C.M., West, K.W., and Finnell, S.M. 2016. prophylactic antibiotics for prevention of
cholangitis in patients with biliary atresia status post-kasai portoenterostomy: a systematic review. Clin
Pediatr. 55: 66-72.

Chen, S.Y., Lin, C.C., Tsan, Y.T., Chan, W.C., Wang, J.D., Chou, Y.J., and Lin, C.H. 2018. Number of
cholangitis episodes as a prognostic marker to predict timing of liver transplantation in biliary atresia patients
after Kasai portoenterostomy. BMC Pediatr 18: 119.

Li, D., Chen, X., Fu, K., Yang, J., and Feng, J. 2017. Preoperative nutritional status and its impact on
cholangitis after Kasai portoenterostomy in biliary atresia patients. Pediatr Surg Int 33: 901-6.

Jain, V., Burford, C., Alexander, E.C., Sutton, H., Dhawan, A., Joshi, D., Davenport, M., Heaton, N.,
Hadzic, N., and Samyn, M. 2019. Prognostic markers at adolescence in patients requiring liver
transplantation for biliary atresia in adulthood. J Hepatol. 71(1): 71-7.

Serinet, M.O., Wildhaber, B.E., Broué, P., Lachaux, A., Sarles, J., Jacquemin, E., Gauthier, F., and
Chardot, C. 2009. Impact of age at Kasai operation on its results in late childhood and adolescence: a rational
basis for biliary atresia screening. Pediatrics 123: 1280-6.

Nio, M., Ohi, R., Miyano, T., Saeki, M., Shiraki., and Tanaka, K. 2003. Five- and 10-year survival rates
after surgery for biliary atresia: a report from the Japanese biliary atresia registry. J Pediatr Surg 38(7): 997—
1000

Wong, K.K., Chung, P.H., Chan, I.H., Lan, L.C., and Tam, P.K. 2010. Performing Kasai portoenterostomy
beyond 60 days of life is not necessarily associated with a worse outcome. J Pediatr Gastroenterol Nutr 51(5):
631-4.

Schoen, B.T., Lee, H., Sullivan, K., and Ricketts, R.R. 2001. The Kasai portoenterostomy: when is it too
late? J Pediatr Surg 36: 97-99.

Andrade, W., Silva, M., Tannuri, A., Santos, M., Gibelli, N., and Tannuri, U. 2018. Current management
of biliary atresia based on 35 years of experience at a single center. Clinics 73(9): 1-5.

Chung, P.H., Wong, K.K., Tam, P.K. 2015. Predictors for failure after Kasai operation. J Pediatr Surg 50(2):
293-6.

Lien, T.H., Chang, M.H., Wu, J.F., Chen, H.L., Lee, H.C., Chen, A.C., Tiao, M.M., Wu, T.C., Yang, Y.J.,
Lin, C.C., Lai, M.W.,, Hsu, H.Y., and Ni, Y.H. 2011. Effects of the infant stool color card screening program
on 5-year outcome of biliary atresia in Taiwan. Hepatology 53(1): 202-8.

Sundaram, S.S., Mack, C.L., Feldman, A.G., and Sokol, R.J. 2017. Biliary atresia: Indications and timing
of liver transplantation and optimization of pretransplant care. Liver Transpl 23: 96-109.

Kumagi, T., Drenth, J.P., Guttman, O., Ng, V., Lilly, L., Therapondos, G., Hiasa, Y., Michitaka, K., Onji,
M., Watanabe, Y., Sen, S., Griffiths, W., Roberts, E., Heathcote, J., and Hirschfield, G.M. 2012. Biliary
atresia and survival into adulthood without trans-plantation: a collaborative multicentre clinic review. Liver
Int. 32: 510-8.

Lykavieris, P., Chardot, C., Sokhn, M., Gauthier, F., Valayer, J., and Bernard, O. 2005. Outcome in
adulthood of biliary atresia: a study of63 patients who survived for over 20 years with their native liver.
Hepatology 41: 366-71.



