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Abstract

AIM: To evaluate liver stiffness measurement (LSM) using non-invasive transient elastography (Fibroscan) in comparison with liver biopsy for assessment of liver fibrosis in children with biliary atresia (BA).

METHODS: Thirty-one children with BA admitted to the Department of Pediatric Surgery of Beijing Child​ren’s Hospital from March 2012 to February 2013 were included in this study. Their preoperative LSM, liver biopsy findings, and laboratory results were studied retrospectively.

RESULTS: The grade of liver fibrosis in all 31 patients was evaluated according to the METAVIR scoring system, which showed that 4 cases were in group F2, 20 in group F3 and 7 in group F4. There were 24 non-cirrhosis cases (F2-F3) and 7 cirrhosis cases (F4). In groups F2, F3 and F4, the mean LSM was 9.10 ± 3.30 kPa, 11.02 ± 3.31 kPa and 22.86 ± 12.43 kPa, respectively. LSM was statistically different between groups F2 and F4 (P = 0.002), and between groups F3 and F4 (P = 0.000), however, there was no statistical difference between groups F2 and F3 (P = 0.593). The area under the receiver operating characteristic curve of LSM for ≥ F4 was 0.866. The cut-off value of LSM was 15.15 kPa for ≥ F4, with a sensitivity, specificity, positive predictive value and negative predictive value of 0.857, 0.917, 0.750 and 0.957, respectively. 

CONCLUSION: Fibroscan can be used as a non-invasive technique to assess liver fibrosis in children with BA. The cut-off value of LSM (15.15 kPa) can distinguish cirrhotic patients from non-cirrhotic patients. 
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Core tip: This study was designed to evaluate liver fibrosis using non-invasive transient elastography (Fibroscan) in comparison with liver biopsy in children with biliary atresia (BA). According to the METAVIR scoring system, in groups F2, F3 and F4, the mean liver stiffness measurement (LSM) was 9.10 ± 3.30 kPa, 11.02 ± 3.31 kPa and 22.86 ± 12.43 kPa, respectively. The AUC of LSM for ≥ F4 was 0.886. The cut-off value of LSM was 15.15 kPa for ≥ F4, with high sensitivity, specificity, positive predictive value and negative predictive value. In conclusion, Fibroscan can be effectively used as a non-invasive technique to assess liver fibrosis in children with BA. 
INTRODUCTION

Biliary atresia (BA) is a unique pediatric liver disease characterized by progressive inflammatory obliterative cholangiopathy. If left untreated, fibrosclerosing obliteration progresses in both intrahepatic and extrahepatic bile ducts, which inevitably leads to liver cirrhosis[1]. The incidence of BA in Asia is reported to be as high as approximately 1 in 5000 live births[2], and in Western Europe is approximately 1 in 19000-15000 live births[3,4].  

Assessment of liver fibrosis in BA is pivotal in treatment choice, evaluation of the results of the Kasai procedure and assessment of prognosis. Developed in France by Echosens, transient elastography (Fibroscan) is a novel, noninvasive technique which is used to assess the degree of liver fibrosis. The basic principle of Fibroscan involves a one-dimensional transient elastographic wave, which has a distinguishable traveling speed in different media, and can be translated into various degrees of fibrosis. When the liver is hard, the transient elastographic wave travels faster, resulting in a higher Liver Stiffness Measurement (LSM) value (kPa). Current studies concerning the use of Fibroscan seldom include BA patients. Recently, LSM was applied to predict liver related events in BA after Kasai hepatoportoenterostomy[5], especially oesophageal varices[6,7]. This study evaluated the cut-off value for Fibroscan to assess the degree of liver fibrosis in children with BA, and aimed to provide related evidence for the application of Fibroscan in pediatric medicine.

MATERIALS AND METHODS
Patients 

Thirty-one patients (10 males and 21 females) with BA admitted to the Pediatric Surgery Department of Beijing Children’s Hospital from March 2012 to February 2013 were included in this study. Regular blood tests, blood biochemistry tests and LSM were obtained three days before the Kasai procedure. Liver biopsy specimens, obtained during surgery, were well-preserved. The Japanese Society of Pediatric Surgery divided BA into three types: Ⅰ, atresia of the common bile duct; Ⅱ, atresia of the hepatic duct; and Ⅲ, atresia of the porta hepatis. It was found that all the patients under study had type Ⅲ BA. The age at operation ranged from 34 to 121 d, with a mean age of 75.58 ± 21.84 d.

Assessment of liver fibrosis 

Liver biopsy specimens were obtained from the front right area (5 or 6 segment of the Coinaud segment) of the liver during the Kasai procedure. All samples were preserved at -80  ℃. The 10% neutral formalin-fixed and paraffin-embedded liver biopsy sections were stained with Masson trichromatic stain, which was carried out at the Department of Pathology of Beijing Friendship Hospital Affiliated to Capital Medical University. These sections were assessed using microscopy by two experienced pathologists according to the Metavir scoring system. A third pathologist was consulted when disagreement arose. According to the METAVIR scoring system[8], patients were divided into a non-cirrhosis group (F0-F3) and a cirrhosis group (F4). 
LSM 

Fibroscan (Echosens, France) was used to assess liver stiffness, and an experienced operator was responsible for obtaining the Fibroscan value. A probe (size S) was placed vertically on the skin surface between the right lower ribs. Ten values were then obtained avoiding major vessels. A median value calculated by the Statistics Analyze System was chosen as the final value, and the interquartile median ratio was less than 0.3.

Calculation of aspartate aminotransferase to platelet ratio index

The aspartate aminotransferase to platelet ratio index (APRI) was calculated using the following equation: APRI = [AST (/ULN)/platelet counts (109/L)] × 100, rounded to the third decimal place.

Statistical analysis

The data were analyzed using PASW software version 19.0. One-way analysis of variance was performed for the groups with different degrees of fibrosis. Spearman correlation and Logistic regression analyses were used to determine the relationship between LSM value and pathological grade of liver fibrosis. The accuracy of Fibroscan in differentiating fibrosis from cirrhosis was assessed using the area under the receiver operating characteristic (ROC) curve (AUC). An AUC between 0.7 and 0.9 represented a moderate accuracy, while that above 0.9 represented a high accuracy. The Youden index enabled selection of the optimal threshold value between liver fibrosis and liver cirrhosis, and predicted the upper limit of sensitivity and specificity of the different tests. A P value < 0.05 was considered statistically significant.

RESULTS

General information

Before the Kasai procedure, all 31 patients underwent Fibroscan elastography and the success rate was 95.16% ± 6.54%. According to the METAVIR scoring system, no cases were classified in group F0 or F1, 4 cases were in group F2, 20 in group F3, and 7 in group F4. Thus, 24 cases were in the non-cirrhosis group (F0-F3) and 7 cases were in the cirrhosis group (F4). In groups F2, F3 and F4, the mean LSM was 9.10 ± 3.30 kPa, 11.02 ± 3.31 kPa and 22.86 ± 12.43 kPa, respectively. The APRI was 1.76 ± 1.12, 2.34 ± 1.93 and 2.72 ± 2.36, respectively. The blood test results are presented in Table 1.

Relationship between LSM and liver fibrosis grade

The LSM in groups F2, F3 and F4 was analyzed by one-way analysis of variance, which revealed that the average LSM value in each group was statistically different (P = 0.001 < 0.01). Figure 1 is a box-plot of liver fibrosis stage (METAVIR) and LSM. A further comparison between F2 and F4, and between F3 and F4, revealed statistical differences (P < 0.01 for all), while group F2 compared to F3 showed no statistical difference (P = 0.593). Using Spearman rank correlation analysis, a positive correlation between LSM and liver fibrosis stage (R = 0.544, P = 0.002 < 0.01) was observed.

Analysis of LSM value 

LSM value was determined in 24 patients in the non-cirrhosis group (F2-F3) and in 7 in the cirrhosis group (F4). After Logistic regression analysis, the coefficient of regression of the LSM value for diagnosing cirrhosis was 0.367 and the constant was -6.439 (P = 0.021 < 0.05). This regression equation model was tested by 2 analysis (P = 0.056) and was found to be insufficient to demonstrate a significant difference, but it was sufficient to indicate that the regression equation model was suitable as the P value was very close to 0.05. This showed that with increasing LSM value, the probability of cirrhosis increased. 

Cut-off value for cirrhosis 

The AUC of LSM was 0.866 for the diagnosis of liver cirrhosis in group F4. The AUC of APRI was 0.536 (Figure 2). The value which corresponded to the maximum Youden index was considered the optimal threshold value. Therefore, the optimal cut-off values of LSM and APRI to diagnose cirrhosis were 15.15 kPa and 1.855, respectively. The sensitivity, specificity, positive predictive value, negative predictive value and diagnostic accuracy were 0.857, 0.917, 0.750, 0.957, and 0.903 for LSM, and 0.714, 0.583, 0.357, 0.882, and 0.645 for APRI, respectively.

DISCUSSION

As a novel noninvasive technique that allows quan​tification of the degree of liver fibrosis, Fibroscan has been used in adult patients with chronic hepatic diseases. It is not commonly used in children, mainly because there is no suitable probe. However, size S probe has recently been developed by Echosen, France, which can be used in children[9,10]. 

Some studies have suggested that if at least 10 values were obtained using Fibroscan and the success rate was higher than 65%, it was considered reliable[11,12]. In our study, size S probe (Echosen, France) was used in all 31 patients to measure liver stiffness. At least 10 values were obtained for each patient, and the success rate was 95.16% ± 6.54%. 

As a noninvasive technique for assessing the degree of liver fibrosis, Fibroscan has been widely studied in adults, however, no conclusion regarding the cut-off value for different degrees of fibrosis was reached. According to the Metavir scoring system, the LSM cut-off value for F ≥ 2, F ≥ 3 and F = 4 is 6.9-7.9 kPa, 8.8-12.5 kPa and 11.9-19.5 kPa, respectively[13-16]. Based on the pathological stage of the liver specimen (Metavir scoring system) obtained during the Kasai operation, the 31 patients included in the present study were divided into different groups, and using single-factor variance analysis, a significant difference in LSM value was observed between F2 and F4, and between F3 and F4. Furthermore, ROC analysis indicated that the AUC for LSM to diagnose fibrosis or cirrhosis in groups F2, F3 and F4 was 0.259, 0.339 and 0.866, respectively. Although the AUC obtained in this study was smaller than that observed by Sporea et al[13], the overall trend was the same. That is, Fibroscan had a relatively high accuracy in differentiating cirrhosis and non-cirrhosis, although it did not provide sufficient information to determine the degree of fibrosis in non-cirrhosis patients[17]. An analysis of related risk factors for liver cirrhosis using Logistic regression indicated that LSM was the only related risk factor. This indicates that with increased LSM, the possibility of liver cirrhosis is higher. Therefore, we consider that LSM can be an assistant tool to distinguish liver cirrhosis from non-cirrhosis in children with BA.   

In the analysis of the optimal cut-off value for LSM, 15.15 kPa was considered the best value to determine F4 stage. The sensitivity, specificity, positive predictive value and negative predictive value were 0.857, 0.917, 0.750 and 0.957, respectively. Compared with the positive predictive value, a higher negative predictive value indicated that BA children with an LSM value less than 15.15 kPa were less likely to have liver cirrhosis. As there are no studies on the optimal LSM cut-off value for liver cirrhosis in BA, we were unable to make comparisons. However, the cut-off value used in this study was relatively consistent with that in adult studies: 17.3 kPa for viral C cirrhosis[13], 17.5 kPa for nonalcoholic steatohepatitis[18], and 19.5 kPa for alcoholic cirrhosis[16]. 

When comparing Fibroscan (LSM > 15.15 kPa) with the gold standard (pathology) for the diagnosis of cirrhosis, 28 of 31 patients (90.3%) were accurately diagnosed by LSM. While the two techniques were moderately correlated, this was not the expected result. The AUC of LSM used to determine F4 was between 0.7 and 0.9, which was slightly lower than that found in other related studies[19]. The reasons for this may be as follows: (1) the sample size in this study was relatively small. The incidence of BA in mainland China has not yet been reported. This in turn added an obstacle in estimating sample capacity, therefore it is hard to estimate that 31 samples were enough or not. We are already working on a large sample size study, but it needs time; (2) different parts of the liver had different stage of fibrosis, therefore the specimen obtained may not have represented the overall stage of fibrosis. In order to minimize this error, we required that all fibroscan examinations and the liver specimens must be taken on the same location; and (3) LSM was affected by other factors[20-22], such as bilirubin, alanine aminotransferase and hemodynamics. In this study, we had done some statistical analyses about the relation between blood tests (AST, ALT, TBIL, DBIL, IBIL, ALP, GGT, and TBA), operation age and LSM, but there was no statistical significance (Table 1). Thus, we believe that the results of this study is reliable.

In this study, APRI was chosen as a representative noninvasive assessment method and was compared with Fibroscan for the accurate diagnosis of liver fibrosis. APRI was expressed as [AST(/ULN)/platelet counts (109/L)] × 100, which was developed in 2003 by Wai et al[23]. The results suggested that no significant difference in APRI was observed between groups F2, F3 and F4. The AUC to determine liver cirrhosis in children with BA was 0.536, and if the threshold value was 1.855, the sensitivity, specificity, positive predictive value and negative predictive value were 71.4%, 58.3%, 35.7% and 88.2%, respectively, which was obviously lower than the accuracy of the LSM value. These results are consistent with those of a study on the use of APRI and Fibroscan for the assessment of liver fibrosis in hepatitis B virus (HBV)-infected patients by Bonnard et al[24]. However, the results are not consistent with those obtained in a study assessing liver fibrosis and cirrhosis using APRI in children with BA by Kim et al[25]. The reasons for this may be as follows: (1) the primitive statistics in this model were too simple and were easily affected by various related factors; (2) the sample size in both studies was relatively small; and (3) errors may have occurred during blood testing, as the sample from each patient was examined separately and the agents used were not from the same batch. 

In conclusion, Fibroscan has significant value in diagnosing liver cirrhosis in children with BA. A further study with a larger sample size aimed at obtaining accurate cut-off values to determine liver fibrosis and cirrhosis is required. 
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Background

Assessment of liver fibrosis in biliary atresia is pivotal in treatment choice, evaluation of the results of the Kasai procedure and assessment of prognosis. Non-invasive methods for fibrosis assessment, such as Fibroscan, are being accepted more and more, replacing the invasive methods.

Research frontiers

Many studies have been published regarding evaluation of liver fibrosis with Fibroscan in adults, but only a few have been published in biliary atresia. No study was about the cut-off value of liver stiffness measurement (LSM) to distinguish the different levels of liver fibrosis. This study was designed to evaluate liver fibrosis using non-invasive transient elastography (Fibroscan) in comparison with liver biopsy in children with biliary atresia.
Innovations and breakthroughs

This study used Fibroscan to evaluate liver fibrosis in biliary atresia in comparison with liver biopsy histopathology results. The cut-off value of LSM was 15.15 kPa for ≥ F4, with a sensitivity, specificity, positive predictive value and negative predictive value of 0.857, 0.917, 0.750 and 0.957, respectively. 

Applications

Fibroscan can be effectively used as a non-invasive technique to assess liver fibrosis in children with biliary atresia. The cut-off value of LSM (15.15 kPa) can distinguish cirrhotic patients from non-cirrhotic patients.

Terminology

Transient elastography (Fibroscan) is a novel, noninvasive technique which is used to assess the degree of liver fibrosis. The basic principle of Fibroscan involves a one-dimensional transient elastographic wave, which has a distinguishable traveling speed in different media, and can be translated into various degrees of fibrosis. When the liver is hard, the transient elastographic wave travels faster, resulting in a higher LSM value (kPa).

Peer-review

This is a retrospective analysis of transient elastography (Fibroscan) in the assessment of liver fibrosis in children with biliary atresia. This paper was concise, clear, and well-written. The results are interesting and suggest that Fibroscan can be used as a non-invasive technique to assess liver fibrosis in children with biliary atresia.
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FIGURE LEGENDS

Figure 1  Box-plot of liver stiffness measurement for each fibrosis grade (Metavir). 
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Figure 2  Receiver operating characteristic curves of liver stiffness measurement and aspartate aminotransferase to platelet ratio index.
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Table 1  Relevant information of different liver fibrosis stages


�
F2 (n = 4)�
F3 (n = 20)�
F4 (n = 7)�
P-value�
�
LSM (kPa)�
  9.10 ± 3.30   �
11.02 ± 3.31�
  22.86 ± 12.43�
0.001�
�
AST (IU/L)�
  251.25 ± 173.05�
  286.59 ± 147.11�
  328.01 ± 192.54�
0.732�
�
ALT (IU/L)�
  152.50 ± 142.69�
  180.54 ± 109.90�
181.19 ± 92.99�
0.893�
�
TBIL (mol/L)�
176.98 ± 43.13�
184.81 ± 37.06�
194.81 ± 59.87 �
0.791�
�
DBIL (mol/L)�
  89.93 ± 27.46�
  86.21 ± 13.51�
  91.64 ± 27.04  �
0.790�
�
IBIL (mol/L)�
  87.05 ± 16.61  �
  98.60 ± 37.29�
103.17 ± 38.92�
0.773�
�
ALP (U/L)�
471.75 ± 92.69�
  611.37 ± 310.79�
  626.44 ± 245.08�
0.636�
�
GGT (U/L)�
  631.00 ± 522.17�
  736.62 ± 587.59�
  569.89 ± 272.86�
0.756�
�
TBA (mol/L)�
103.73 ± 34.29�
107.07 ± 35.01�
144.09 ± 53.60�
0.105�
�
APRI�
  1.76 ± 1.12�
  2.34 ± 1.93�
  2.72 ± 2.36�
0.741�
�
Age at operation (d)�
  73.00 ± 18.67�
  70.70 ± 20.25�
  91.00 ± 23.49�
0.100�
�
LSM: Liver stiffness measurement; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; TBIL: Total bilirubin; DBIL: Direct bilirubin; IBIL: Indirect bilirubin; ALP: Alkaline phosphatase; GGT: Gamma-glutamyl transpeptidase; TBA: Total bile acid; APRI: Aspartate aminotransferase to platelet ratio index.
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