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Abstract

Introduction 

The Aspartate Transaminase to Platelet Ratio Index (APRI) is postulated as non-invasive, 
easily available surrogate marker for the severity of liver fibrosis in adults. We aimed to 
determine whether APRI correlates with severity of fibrosis or (transplant-free) survival in 
children with biliary atresia (BA). 

Methods 

Using a prospective BA database, we identified all pediatric patients who had undergone 
a Kasai portoenterostomy (KPE) at our center. All patients who underwent liver biopsy 
before or during the KPE were eligible to be included in this study. Fibrosis was graded 
none, mild (portal fibrosis without septa), moderate (portal fibrosis with septa), severe 
(bridging fibrosis) or cirrhotic (nodular regeneration). APRI was computed using values 
obtained just before portoenterostomy. The correlations between APRI with grade of 
fibrosis and overall- and transplant free survival were calculated. 

Results 

31 patients were included. Severity of fibrosis was mild (n=7), moderate (n=9), severe 
(n=9) or cirrhotic (n=6) in biopsies. Median APRI according to grade of fibrosis was: mild 
1.26 (0.91 – 5.69), moderate 1.41 (0.74 – 7.18), severe 1.37 (0.80 – 4.02), cirrhotic 1.33 (0.64 
– 4.77). No significant differences were found in APRI for different levels of fibrosis. No 
correlation between APRI and grade of fibrosis was found. (Transplant-free) survival was 
not correlated to APRI.

Conclusion

APRI is not a suitable surrogate marker for liver fibrosis in the pediatric BA patient in the 
onset stage of the disease and does not predict (transplant-free) survival
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Introduction

Biliary atresia (BA) is a rare disease of unknown etiology characterized by the obstruction 
and obliteration of the biliary tree leading to cholestasis. Progressive cholestasis leads to 
liver fibrosis, cirrhosis and eventually to end-stage liver disease (ESLD) eventually requir-
ing orthotropic liver transplantation (OLT) for survival. BA is the most common indication 
for pediatric OLT (1). 

The management and outcome of progressive liver conditions is strongly dependent 
on the severity of liver fibrosis and occurrence of cirrhosis (2). Treatment of BA is surgical 
and is aimed at restoring normal bile flow as soon as possible after diagnosis, thereby 
preventing or postponing liver fibrosis and ESLD. To achieve this, the obliterated extra-
hepatic biliary tree is excised and a Roux Y loop is anastomosed to the portal area of 
the liver. This procedure is called a Kasai portoenterostomy (KPE) (3). Though a KPE can 
successfully restore bile flow, progressive intra-hepatic bile duct obstruction can still lead 
to cholestasis, cirrhosis and ESLD. 

Seventy to 80% of children who undergo an initially successful KPE will eventually 
develop progressive liver fibrosis and cirrhosis requiring OLT for survival (4, 5). Early per-
formance of KPE is important as a greater level of fibrosis prior to KPE has been suggested 
to be associated with decreased survival in BA patients (6, 7).  

Liver biopsy (LB) is the golden standard for the assessment and monitoring of the extent 
of liver fibrosis. Although percutaneous LB is generally considered a safe procedure with 
a low complication rate, an overall mortality rate of 1/1000-1/10000 has been reported 
(8, 9). LB also has certain limitations: the presence of different techniques and scoring 
systems, most of which suffer from inter-observer and sampling variability (10, 11). 

Due to the shortcomings associated with LB, research has been done to find a less 
invasive surrogate marker for liver fibrosis (12). Aspartate transaminase to platelet ratio 
index (APRI), consisting of 2 readily available laboratory results (AST level and platelet 
count), has been shown to successfully predict the degree of fibrosis and cirrhosis in 
chronic liver diseases in adults (13, 14). APRI has only been applied with differing success 
in pediatric liver conditions (15, 16). 

The aim of this study was to determine if APRI can be used as a non-invasive reliable 
tool in estimating liver fibrosis and predicting (transplantation free) survival in children 
with biliary atresia. 

4
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Materials and methods 

Population

Using the prospective BA database of the University Medical Center Groningen, we identi-
fied all pediatric patients who had undergone a Kasai portoenterostomy at our center. All 
patients who underwent liver biopsy before or during the Kasai portoenterostomy were 
eligible to be included in this study. Overall and transplant-free survivals were determined.

Scoring of fibrosis

An experienced pathologist examined the liver biopsy samples and scored the severity 
of fibrosis: none, mild (portal fibrosis without septa), moderate (portal fibrosis with septa), 
severe (bridging fibrosis) or cirrhosis (nodular regeneration) (17). Mild and moderate 
fibrosis was considered non-advanced; severe fibrosis and cirrhosis were considered 
advanced fibrosis. 

Aspartate Transaminase to Platelet Ratio Index

Serum levels of AST and platelet concentrations were recorded at time of KPE. APRI was 
calculated as previously described in the literature (18):

(Patient serum AST/ upper limit of reference level of AST) X 100
  Platelet concentration

Statistics

All collected data were entered into a database and analyzed using SPSS 17.0 (Chicago, 
IL, USA). Data shown are median scores with range unless otherwise stated. Survival was 
calculated at the time of the study for individual patients. The correlations between level 
of KPE-APRI with grade of fibrosis and overall- and transplant free survival were calculated 
using Pearson’s Correlation. Correlations with a coefficient less than 0.30 were considered 
weak. Those between 0.30 and 0.50 were viewed as moderately strong and a correla-
tion coefficient above 0.50 was considered strong (19). A one-way ANOVA was used to 
determine if there were significant differences in KPE-APRI for different grades of fibrosis. 
The diagnostic performance of APRI for the detection advanced fibrosis and cirrhosis 
was assessed using area under the receiver operating characteristics (AUC-ROC) curve 
(values near 1.0 indicate high diagnostic accuracy). Kaplan Meier survival curves were 
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constructed and survival rates were compared using the log rank test for different grades 
of fibrosis. P ≤ 0.05 was considered statistically significant.

Results

In total 37 eligible patients were identified. Complete data was available for 31 (13♂ and 
18♀) patients. Six patients were lost during follow-up (follow-up at different center) or 

had incomplete medical and laboratory records and were subsequently excluded. The 
median age at time of KPE was 59 days (range 33 - 141). Median follow-up was 5.5 years 
(0.1 – 16.3). Patient characteristics are summarized in table 1. Demographics for the six 
excluded patients were comparable to that of the included patients (data not shown), 

The fibrosis stages in biopsies were: mild (n=7), moderate (n=9), severe (n=9) and 
cirrhotic (n=6). There were no biopsies without fibrosis. Median overall APRI at time of 
biopsy was 1.37 (range 0.64 - 7.18). Median APRI according to grade of fibrosis was (figure 
1): mild 1.26 (range 0.91 – 5.69), moderate 1.41 (0.74 – 7.18), severe 1.37 (0.80 – 4.02) and 
cirrhotic 1.33 (0.64 – 4.77). No significant differences were found in APRI for different levels 
of fibrosis (p = 0.89). No correlation between APRI and grade of fibrosis was found (r = 
0.007, p = 0.07). Characteristics according to grade of fibrosis are listed in table 1. 

APRI for non-advanced and advanced fibrosis were not statistically different: non ad-
vanced 1.26 (0.74 – 7.18); advanced 1.37 (0.64 – 4.77), p = 0.70. The AUC-ROC for advanced 
fibrosis was 0.504 (figure 2). The AUC-ROC for cirrhosis was 0.473.

 Median APRI were similar for overall survival [1.26 (range 0.74 - 7.18), n = 21] and death 
[1.39 (0.64 - 3.56), n = 10]. Median APRI were also similar in patients who were still alive 

4

Table 1 | Clinical characteristics of all patients and comparison between different fibrosis 
groups according to histological findings at time of KPE. Age and APRI are median with range; 
AST and platelet concentrations are mean with 1 standard deviation.

 Overall Mild fibrosis        
Moderate 

fibrosis 
Severe fibrosis Cirrhosis               

Number 31 7 9 9 6

Age at Kasai in 
days

59 (33 - 141) 57 (44 - 82) 62 (33 - 89) 84 (35 - 141) 56 (52 - 106)

Male (%) 13 (42) 2 (29) 5 (56) 4 (44) 2 (33)

AST (U/l)      292 ± 196 277 ± 203 345 ± 246 244 ± 113 305 ± 233

Platelet count 
(10^9/L)

407 ± 120 405 ± 86 431 ± 140 400 ± 152 385 ± 87

APRI
1.37 

(0.64 - 7.18)
1.26 

(0.91 – 5.69)
1.41 

(0.74 – 7.18)
1.37 

(0.80 – 4.02) 
1.33 

(0.64 – 4.77)
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Figure 1 | Median APRI versus severity of fibrosis.

 Figure 2 | ROC curve to investigate the diagnostic performance of APR for detection of ad-
vanced fibrosis. AUC is 0.504 
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with native liver [1.40 (0.80 - 5.06), n = 9], in patients who underwent liver transplantation 
[1.18 (0.64 - 7.18), n = 17], and patients who were still alive after OLT [1.17 (0.74 – 7.18) 
(figure 3). 

Neither overall survival (r = 0.13; p = 0.48) nor transplant-free survival (r = 0.08; p = 0.67) 
was correlated to APRI. Grade of fibrosis was not correlated to survival (r = 0.16; p = 0.38) 
nor transplant-free survival (r = 0.08; p = 0.67). Table 2 shows overall survival, transplant-
free survival and survival after OLT according to the grade of fibrosis.  

Kaplan Meier survival curves are shown in figure 4.  Overall survival (p = 0.80) and 
transplant-free survival rates (p = 0.92) were not significantly different for grade of fibrosis. 

4
 

Figure 3 | Median APRI versus survival, with or without native liver, and death. 

Table 2 | Overall, transplant-free and post-OLT survival according to grade of fibrosis. APRI are 
shown as median with range. 

All patients
Mild fibrosis Moderate 

fibrosis 
Severe fibrosis 

Cirrhosis 

Number 31 7 9 9 6

APRI
1.37 

(0.64 - 7.18)
1.26 

(0.91 – 5.69)
1.41 

(0.74 – 7.18)
1.37 

(0.80 – 4.02) 
1.33

 (0.64 – 4.77)

Overall survival 
(%)

21 (68) 5 (71) 7 (78) 6 (67) 3 (50)

Alive with native 
liver (%) 

9 (29) 3 (43) 2 (22) 3 (33) 1 (17)

Total OLT (%) 17 (55) 3 (43) 6 (67) 4 (44) 4 (67)

Alive after OLT (%) 12 (71) 2 (67) 5 (83) 3 (75) 2 (50)
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Discussion

BA is a rare disease characterized by the obstruction and obliteration of the biliary tree 
leading to cholestasis and end-stage liver failure requiring OLT for survival in 70-80% of 
the patients. Early detection and treatment of progressive liver fibrosis is essential for 
survival in BA as a greater level of fibrosis prior to KPE might be associated with decreased 
survival in BA patients. 

Despite its known limitation and complications, liver biopsy remains the gold standard 
for the assessment and monitoring of liver fibrosis. Of the numerous surrogate markers 
suggested in the literature, the APRI has been shown to a reliable, cheap and readily 
available method for non-invasive estimation of liver fibrosis in chronic liver conditions 
in adults.  There is little data on the use of APRI in children. The aim of this study was to 
determine if the APRI can be used as a reliable non-invasive tool in estimating the degree 
of liver fibrosis and predicting (transplantation free) survival in children with biliary atresia. 

We found no correlation between APRI at time of KPE and liver fibrosis assessed 
through biopsy. Median pre-KPE APRI was similar for the different severity of fibrosis 

 
Figure 4 | Kaplan Meier survival curves for: A: overall survival per grade of fibrosis; B overall sur-
vival per non-advanced and advanced fibrosis; C transplant free survival per grade of fibrosis; D 
transplant free survival per non-advanced and advanced fibrosis. No statistical differences were 
found for all four survival curves.
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groups. We were also unable to show a correlation between level of APRI and survival 
(with or without native liver).  

Our data could not show a difference in overall and transplant-free survival for differing 
severities of histological fibrosis. This suggests that histological degree of fibrosis at KPE is 
not a good predictor of outcome for BA patients. A lower degree of fibrosis at KPE, in other 
words, is not associated with a better (transplantation-free) survival. Other factors might 
be contributing to survival and outcome (e.g. progressive inflammation and fibrosis of 
the intrahepatic bile ducts). 

These results suggest that the APRI is not a suitable surrogate marker for liver fibro-
sis in the pediatric BA patient in the onset stage of the disease and does not predict 
(transplant-free) survival. It has to be taken into account that the APRI was originally 
developed and validated for the grading and staging fibrosis in chronic hepatitis C adults 
and not for other conditions with possibly different distribution patterns of fibrosis such 
as BA. Whether the APRI could be used for longitudinal monitoring of the development 
of fibrosis during the progressive stage in individual pediatric patients with BA remains a 
subject for further investigation. 

Our results are in direct contradiction to recent work published by Kim et al (20). In a 
similar study design (KPE liver biopsies versus APRI scores) and size of population (n = 
35) Kim proposed that the APRI was an accurate surrogate marker for the assessment of 
hepatic fibrosis in BA patients and could be used without additional risks for the patient. 
Our results do not support the assertion.  We strongly suggest that further research to be 
done before APRI can be clinically applied to BA patients. 

In conclusion, the APRI has been purported to be a simple and readily available sur-
rogate marker for the assessment of liver fibrosis in adult chronic liver disease. In our study 
we were not able to correlate APRI scores with severity of liver biopsy fibrosis at time of 
KPE or (transplant-free) survival in pediatric BA patients.

4
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