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ABSTRACT
OBJECTIVES

To determine the prognosis of patients with biliary atresia (BA) after two years of 

native liver survival (NLS) and to identify prognostic factors for continued NLS after 

two years of age.

METHODS

We retrospectively analysed perioperative, laboratory and outcome parameters of 

all BA patients in The Netherlands between January 1987-June 2015 with NLS of at 

least two years. We compared parameters between patients who continued to have 

their native liver (NLS+) to those who did not, either by transplant or death (NLS-).

RESULTS

We included 100 patients. Upon a median follow-up of 16.4 years, NLS ended in 

37% by liver transplantation (LTx) and in 6% by (pre-transplant) mortality. NLS rates 

at 5, 10, 15, 18 years of age were 89, 72, 60, 54%, respectively. Corresponding 

overall survival rates were 98, 90, 87, 87%, respectively. Six months post-Kasai, 

NLS+ patients had higher clearance of jaundice (COJ) rate, significantly lower total 

and direct serum bilirubin, aspartate-aminotransferase and alkaline phosphatase 

levels, compared with NLS- patients (each P<.05). Cox regression could only assess 

a significant effect of COJ on continued NLS. Main indications for LTx after the age 

of two were irreversible jaundice and portal hypertension.

CONCLUSIONS

Eighty-seven per cent of patients with two-year NLS reach adult age, and more 

than 50% with their native liver. However, a pre-transplant mortality of 6% exists 

among patients who reach the age of two years with their native livers. Early life 

parameters, other than COJ, did not have a significant effect on continued NLS after 

two years of age.
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INTRODUCTION
The initial treatment to restore bile flow in patients with biliary atresia (BA) consists 

of the Kasai portoenterostomy (KPE). Despite KPE, BA results in liver transplantation 

(LTx) or death in 40- 50% (1, 2) of patients before the age of two years. Factors 

correlated with native liver survival (NLS) up to the age of two or four years (3-6) 

include for example, the presence of BA associated malformations, age at KPE and 

postoperative use of antibiotics or ursodeoxycholic acid (UDCA). (3, 7-15) Also, risk 

factors for liver failure after 20 years of age have been described.(16). We recently 

demonstrated that LTx for BA after the age of two years is rare. (17) These findings 

suggested that the prognosis after reaching the age of two with a native liver seems 

rather favourable. Yet, neither the NLS beyond the age of two years nor factors 

associated with it have been characterized in detail.

In the present study, we analysed the follow-up of BA patients that had reached the 

age of two years with their native liver. To offer insight in the long-term prognosis of 

these patients, we examined whether early-life factors impacted continued NLS after 

two years of age. We aimed to increase our understanding in indications and timing 

of LTx in BA patients after two years of NLS. We also aimed to provide clinically 

useful information for healthcare professionals when counselling the child’s parents 

or caretakers.

METHODS
This nationwide, retrospective cohort study was performed in accordance with 

the guidelines of the Medical Ethical Committee of the University Medical Centre 

Groningen (2017/056). From the Netherlands Study group on Biliary Atresia Registry 

(NeSBAR) database we included all patients with confirmed BA who reached the age 

of two years with their native liver. We excluded patients who were listed for LTx at 

time of their second birthday.

BA was confirmed by means of surgical exploration and intraoperative 

cholangiography when needed. We analysed patient data (gestational age, sex, 

presence of congenital malformations), perioperative and follow-up parameters, i.e. 

age at KPE, post-operative use of antibiotics/UDCA, clearance of jaundice (a total 

serum bilirubin <20μmol/L within six months), (age at) LTx and (age at) pre-transplant 

death. We examined early life laboratory parameters (prior to and at six months 

post-KPE,) i.e. total serum bilirubin (TSB), direct serum bilirubin (DSB), aspartate 

transaminase (ASAT), alanine transaminase (ALAT), gamma-glutamyltransferase 
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(GGT), alkaline phosphatase (AP), platelet count and prothrombin-time (PT). We 

calculated the AST to Platelet Ratio Index (APRI) score at six months after KPE ((AST/

AST ULN)/platelet count)*100), which is used to non-invasively detect liver fibrosis 

and cirrhosis.(18) We compared the aforementioned parameters between patients 

who continued to survive with their native liver (NLS+) during follow-up and those 

who did not, either by transplant or death (NLS- ).

We based indications for LTx on previously described indications by Sundaram et 

al.(19), i.e. irreversible jaundice, failure to thrive (despite aggressive nutritional support 

/ metabolic bone disease resulting in recurring fractures), bacterial cholangitis, 

complications of portal hypertension (therapy-resistant variceal bleeding / significant 

ascites and episodes of spontaneous bacterial peritonitis), severe pruritus, pulmonary 

vascular disorders, hepatorenal syndrome (HRS) and hepatic malignancy.

Paediatric LTx has been performed in our hospital since 1983. During the last 

decades, several improvements have been made in post-transplant care. Also, 

the living-related LTx-program has been introduced in 2002. To assess a possible 

influence of these and other developments, we divided patients into two cohorts 

for survival analyses: those who underwent KPE before 2002 and those who have 

undergone KPE since 2002.

Statistics

Continuous data are expressed as medians [ranges] and compared with the Mann-

Whitney U test, unless stated otherwise. Categorical data were compared with the 

Chi-square or Fisher’s exact test, as appropriate. For survival analysis we constructed 

survival curves and tables using the Kaplan Meier method. Curves were compared 

with the log-rank test. We used Cox regression analysis to assess the effect of 

early-life parameters on continued NLS after two years of age, whilst correcting for 

sex, centre where the KPE was performed and when the KPE was performed (i.e. 

<2002 or ≥2002). In case of missing data, patients were excluded from analysis of 

the concerning parameter. All statistical analyses were performed with IBM SPSS 

Statistics for Windows, Version 23.0 (Armonk, NY).
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RESULTS
Patient characteristics

In total 271 patients, born between January 1987 and June 2015, were registered in 

the NeSBAR database. Of these patients, 100 (37%) reached the age of two years 

with their native liver and were included in this study (coincidently this round number, 

Table 1). Median follow-up was 16.4 [2.1-30.1] years. Median age at KPE was 56 

[20 – 128] days. Clearance of jaundice within six months post-KPE was achieved 

in 76/99 (77%) and was unknown in one patient. Ultimately, 37/100 (37%) patients 

received LTx at a median age of 90 [30 – 346] months). Pre-transplant mortality rate 

was 6% (median age 86 [25-220] months) (Table 1).

Parameter All patients
n=100

NLS+
n=57

NLS-
n=43 P

Male, n (%)
n available

48 (48)
100

30 (53)
57

18 (42)
43 0.29

Term, n (%)
n available

85 (93)
91

50 (93)
54

35 (95)
37 0.71

Congenital malformation, n (%)
n available

17 (17)
98

11 (20)
56

6 (14)
42 0.77

Age KPE, d [range]
n available

56 [20-128]
100

57 [27 – 128]
57

54 [20-106]
43 0.44

AB post-operatively, n (%)
n available

64 (64)
100

37 (65)
57

27 (63)
43 0.83

Clearance of jaundice, n (%)
n available

76 (77)
99

52 (91)
57

24 (57)
42 <0.001

Age listing for LTx , mo [range]
n available

77 [9-233]
31

139 [130 – 147]
2

77 [9-233]
29 0.34

LTx, n (%)
n available

37 (37)
100

N/A
57

37 (86)
43

Age LTx, mo [range]
n available

90 [30-346]
37 N/A 90 [30-346]

37

Pre-LTX mortality, n (%) 6 (6) N/A 6 (14)

Age at pre-LTx death, mo [range]
n available

86 [25-220]
6 N/A 86 [25-220]

6

Total FU, yr [range]
n available

16.4 [2.1-30.1]
100

206 [27 – 351]
57

169 [25-361]
43 0.47

Table 1. Characteristics of patients surviving two years with native liver and (at two years) not listed for LTx (n=100). 
The group is divided into patients who underwent LTx or died after two years (NLS-) versus those who did not 
(NLS+) (p value for comparison between NLS- and NLS+).
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Laboratory studies and clearance of jaundice

We compared laboratory parameters prior to KPE and at six months post-KPE 

between NLS+ and NLS- patients. Preoperative levels of TSB were slightly lower 

in the NLS+ group (Table 2). At six months post-KPE, TSB, DSB, ASAT, AP and 

PT levels were lower in the NLS+ group. The platelet count was lower in the NLS-

group (Table 2). Lastly, the APRI score at six months was significantly higher in the 

NLS- group.

We regarded levels of TSB, DSB, ASAT and AP as clinically relevant. A Cox regression 

was run with these variables to assess the effect on continued NLS after two years 

of age whilst correcting for sex, KPE treatment centre and year of KPE. No variable 

significantly impacted continued NLS after two years of age.

In univariate analysis, clearance of jaundice had occurred significantly more frequent 

in patients with continued NLS after two years of age (Table 1). We performed a Cox 

regression and found that patients who did not clear their jaundice had a nearly 14-

fold (HR 13.6, 95%CI 2.38-77.80 p=0.003) increased chance of either LTx or death at 

any point during the study period, compared to patients that did clear their jaundice.

Parameter
Pre-KPE NLS+ [range] NLS- [range] P

Parameter 6 
months 
post-KPE

NLS+ [range] NLS- [range] P

TSB, 
µmol/L
n available

150 [78 – 314]
56

179 [60-264]
41

0.01
TSB, 
µmol/L
n available

6 [1 – 74]
40

18 [7-221]
31

<0.001

DSB, 
µmol/L
n available

112 [41 – 287]
52

129 [40-250]
39

0.06
DSB, 
µmol/L
n available

5 [1 – 55]
29

15 [3-161]
25

0.001

ASAT, IU/L
n available

148 [28 – 646]
54

160 [26-635]
40

0.84 ASAT, IU/L
n available

90 [31 – 242]
39

112 [53-390]
32

0.04

ALAT, IU/L
n available

109 [15 – 634]
54

96 [18-537]
39

0.90 ALAT, IU/L
n available

91 [20 – 315]
39

86 [27-296]
31

0.74

GGT, IU/L
n available

519 [92 – 2816]
52

558 [56-2365]
37

0.93 GGT, IU/L
n available

281 [18 – 1063]
41

304 [56-1788]
32

0.23

AP, IU/L
n available

418 [107 – 964]
49

545 [128-934]
38

0.07 AP, IU/L
n available

388 [145 – 2508]
35

510 [191-1605]
26

0.02

PT, sec
n available

13.0 [10.3 – 59.6]
27

15.0 [10.0-20.0]
14

0.16 PT, sec
n available

11.9 [9.7 – 14.5]
18

13.1[11.9-19.0]
10

0.04

Platelet 
count, x109/L
n available

288 [91 – 603]
37

182 [42-400]
28

0.002

APRI
n available

.39 [.10 – 1.77]
35

.82 [.26 – 4.36]
28

0.001

Table 2. Laboratory parameters prior to Kasai surgery (pre-KPE) and at six months after Kasai surgery (six months 
post-KPE) of patients surviving two years with native liver and without listing (n=100). The patients were subdivided 
into those who underwent LTx or died after two years (NLS-) versus those who did not (NLS+). (p value for 
comparison between NLS- and NLS+).
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Indications for and timing of liver transplantation

Indications for LTx were irreversible jaundice (n=24, age 87 [31-236] months), severe 

nutritional compromise / failure to thrive (n=5, age 78 [35-119] months), bacterial 

cholangitis (n=9, age 83 [30-205] months), complications of portal hypertension 

(n=18, age 105 [33-236] months), severe pruritus (n=1, age 236 [n/a] months), 

hepatopulmonary syndrome (n=2, 172 [149-196] months), hepatorenal syndrome 

(n=1, age 66 [n/a] months) and unknown (n=3, age 300 [186-346] months)(multiple 

indications per patients possible). Complications of portal hypertension occurred 

in 12/17 (71%) of patients that cleared their jaundice within six months and in 6/17 

(35%) of patients that did not clear their jaundice within six months (p=.004). There 

were no statistically significant differences in other indications.

At 5, 10, 15 and 18 years of age the percentage of transplanted patients was 9, 24, 

36 and 42%, respectively. The percentage of patients with native liver survival at 

5, 10, 15 and 18 years of age were 89, 72, 60 and 54% respectively (Figure 1). To 

test whether these percentages differed over the study period, we compared the 

cohort that underwent KPE before 2002 with the cohort from 2002 onwards. There 

were no statistically significant differences between the two cohorts in either LTx 

or NLS rates.

Figure 1. Native liver survival in all patients alive with native liver at two years of age (n=100, black 
line), in patients that underwent Kasai surgery prior to 2002 (n=69, dotted line) and in patients that 
underwent Kasai surgery in 2002 or later (n=31, grey line). Native liver survival was compared between 
patients that underwent Kasai surgery prior to 2002 and in 2002 or later.

In patients who underwent KPE prior to 2002, LTx rates at 5, 10 15 and 18 years 

of age were 6, 23, 33 and 40%, respectively. NLS rates at 5, 10, 15 and 18 years 

of age were 91, 72, 63 and 57% respectively (Figure 1). In patients that underwent 
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KPE in 2002 or later, LTx rates at 5, 10 and 15 years of age were 17, 26 and 47%, 

respectively. NLS rates at 5, 10 and 15 years of age were 83, 74 and 45% respectively 

(Figure 1). Due to lack of follow-up percentages at 18 years were not available in 

this group. Median age at LTx was 106 [35-346] months in patients who underwent 

KPE prior to 2002 vs. 35 [30-149] months in patients that underwent KPE in 2002 

or later (P=.006).

Patients without clearance of jaundice

In total, 23 patients did not achieve clearance of jaundice within six months after 

KPE. The median TSB at six months was 44 [20-221] μmol/L. These patients had a 

total median follow-up of 14 [2-30] years. Of these 23 patients, 17 (74%) patients 

ultimately underwent LTx (median age 76 [30-200] months). Five out of 23 (22%) 

patients that did not achieve clearance of jaundice succumbed during follow-up; 

four (80%) died after LTx and one patient died before (screening for) LTx. At the end 

of a median follow-up of 18 [9-27] years, five (22%) patients without initial clearance 

of jaundice survived with their own liver. At last follow-up, the median TSB was 32 

[14-38] μmol/L.

Pre-transplant mortality

In total, despite two years of NLS, 6 patients (6%) succumbed during follow-up, 

at a median age of 86 [25-220] months. Causes of death were hepatic malignancy 

(n=1), hepatopulmonary syndrome (n=1), (unrelated) high-energy trauma (n=1) and 

sepsis (n=1). Two patients died while listed for LTx. Causes of waiting list mortality 

were hepatopulmonary syndrome (n=1) and sepsis (n=1).

In patients combined, overall survival rates at 5, 10, 15 and 18 years of age were 98, 

90, 87 and 87%, respectively. In patients that underwent KPE prior to 2002, overall 

survival rates at 5, 10, 15 and 18 years of age were 97, 87, 85 and 85% respectively. 

In patients that underwent KPE in 2002 or later, overall survival rates at 5, 10 and 

15 years of age were 100, 100 and 92% respectively. There were no statistically 

significant differences in overall survival between the two cohorts.

Counselling on LTx, NLS and mortality

At the time of two years of NLS, the predicted chance of a patient with BA to require 

an LTx prior to adulthood is 42%. After five years of NLS, this chance of LTx has 

decreased to 36%. After ten and fifteen years of NLS, the chances of requiring an 

LTx before the age of 18 years are 24% and 9% respectively. (Figure 2)
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In terms of native liver survival; at the time of two years of NLS, the chance of a 

BA patient to reach adulthood with his or her native liver is 54%. After five years of 

NLS, the chance of reaching adulthood with his or her native liver is 61%. After ten 

and fifteen years of NLS, the chances of reaching adulthood with his or her native 

liver are 75% and 90% respectively. At the time of two years of NLS, the chance of 

a BA patient to survive up to adulthood is 87%. After five years of NLS, this chance 

is 89%. After ten and fifteen years of NLS, these chances are 97% and 100% 

respectively. (Figure 2)

Figure 2. Probability of follow-up events when patients reach 2, 5, 10 and 15 years of native liver 
survival. The figure depicts probabilities of liver transplantation prior to 18 years of age (circle), probability 
of native liver survival at 18 years of age (square) and probability of survival at 18 years of age (triangle)

DISCUSSION
This nationwide cohort analysis offered insight in the prognosis with respect to 

NLS and mortality of BA patients who have reached at least two years with their 

native liver. Our data indicate that roughly 90% of patients with two-year NLS 

reach adulthood, of which over 50% with their native liver. Irreversible jaundice or 

complications of portal hypertension were the main indications for transplantation 

after two years of age.

Besides clearance of jaundice, we could not identify multivariate prognostic factors 

in our patient group (with NLS of at least two years) at the stage before the age of 

two years, such as age at KPE or laboratory parameters at six months after KPE. 

Nio et al. described an association between age at KPE and liver failure, after 20 

years of age. (16) In our study age at KPE did not differ between patients with and 

patients without NLS at the end of follow-up. Not surprisingly, our data confirms that 
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clearance of jaundice is strongly related to NLS (2,5,28,29), as well in multivariate 

analysis. Interestingly however, five patients who did not initially achieve clearance 

of jaundice, survived with their native liver up to the end of follow-up. At least three 

cleared their jaundice during follow-up, suggesting - surprisingly - that late clearance 

of jaundice can indeed occur. Pre-KPE TSB levels were higher in patients who did 

not continue to have NLS (NLS- group) compared to those who did (NLS+ group).

At six months post-KPE, patients with continuing NLS had lower TSB, DSB, ASAT 

and AP levels. To our knowledge AP-levels have not yet been described as being 

a predictor for continued NLS. Also, GGT levels did not differ between our patients 

groups, despite the lower TSB levels in the NLS+ group. While these levels were 

significantly different in univariate analyses, we could not detect a significant relation 

between TSB, DSB, ASAT or AP levels and continued NLS after two years of age 

upon multivariate regression analysis. Clearance of jaundice was however strongly 

associated with continued NLS within this model. We found significant differences 

in platelet count and PT between the NLS+ and NLS- group. These levels were 

all within normal range and therefore do not seem clinically relevant. The APRI 

score at six months in NLS+ patients was significantly lower than in NLS- patients 

and moreover, the score was <0.50. This indicates that in NLS+ patients, cirrhosis 

might not have been present at six months, as a score <0.50 has a strong negative 

predictive value for cirrhosis. Our results might indicate that early-life factors, other 

than COJ, do not predict NLS after two years of age. Other predictors should be 

studied in the future, such as the role of gut dysbiosis and impaired gut wall integrity 

(20), ongoing cytomegalovirus infection at time of the KPE and biochemical and 

clinical characteristics (e.g. portal hypertension, spleen size, failure to thrive) at the 

age of two years (data of which were unfortunately not available in this cohort).(21)

Surprisingly, we did not find a significant ‘era-effect’ on NLS between patients that 

received a KPE before or after 2002. However, we did observe a lower NLS rate in 

the latter cohort and also, patients from this group received LTx six years earlier than 

the first cohort. Survival analysis did not provide significant differences, what, we 

assume, is attributable to the missing data in the group after 2002 (at this moment 

>50% still has their native liver). It thus still could be that the tendency to transplant 

patients at a younger age has not (yet) lead to significant era effect due to relatively 

low number of patients.
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Indications for and timing of liver transplantation

The most common indication for LTx after two years NLS was irreversible jaundice, 

followed by complications of portal hypertension, recurrent cholangitis and failure 

to thrive. This observation was in line with a study from Japan in which irreversible 

jaundice was also the main indication for LTx.(22) In the second decade of life 

hepatopulmonary syndrome was the main indication for LTx.

A relatively high percentage of patients who reached the age of 2 years with native 

liver died during follow up before transplantation: 6%. Causes of death were 

sepsis, hepatic malignancy and severe hepatopulmonary syndrome precluding 

transplantation. These patients might have benefitted from earlier referral for LTx 

screening. Previously, we showed that pre-transplant mortality for biliary atresia in 

our country was considerable, 26% between 1987 and 1996,(23) what was a strong 

motivator for the present day centralized BA care. Recently, Eurotransplant Registry 

data of BA patients between 0 and 5 years from five countries showed a waiting list 

mortality of 7.9% at two years after listing.(17) This mainly concerned patients who 

were below one year of age at the moment of listing. Our present study shows that 

waiting list mortality in patients older than two years of age at the moment of listing 

is 4%. However, waiting list mortality should ideally be null so early referral for LTx 

screening and the need to increase the availability of donors are still relevant issues.

Strengths and limitations

We minimized the risk of selection bias by using data from our nationwide database, 

in which all BA patients treated in our country are registered. Also, our study has 

a relatively large cohort of patients with an extended follow-up and very little 

loss to follow up. Nevertheless, we are aware of several limitations. Due to its 

retrospective character, our study inevitably encountered missing data. Next, even 

though our present subgroup from our total BA patient cohort is large (of fortuitously 

100 patients), our study might not have had the numbers to address statistical 

significance in several analyses. Furthermore, our cohort spans over a long period 

of time. BA care (e.g. peri-KPE and LTx regimens) has undergone major changes 

over the last three decades.

Conclusion

Almost 90% of patients with two-year native liver survival reach adulthood, and over 

half of all patients do so with their native liver. Irreversible jaundice and complications 

of portal hypertension were the main indications for LTx in these patients. Early-life 

factors and parameters from before the age of two do not seem to reliably predict 

2
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NLS after two years of age, except for clearance of jaundice. Further studies to these, 

now unknown predictors should be conducted. Irrespective of this, our data clearly 

indicate that, for a BA patient reaching the age of two with its native liver means a 

milestone that marks a generally good prognosis up to reaching adulthood.

We gratefully thank the other members of the Netherlands Study Group for Biliary 

Atresia Registry; J.H. Escher, L.W.E. van Heurn, R.H.J. Houwen, A. Kindermann, B. 

Koot, C. Sloots, I. de Blaauw, G. Damen and D.C. van der Zee, as well as W. de Vries 

and M. den Dulk for their invaluable help with collection of the data.
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