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ABSTRACT

Purpose: This study aimed to examine the advantages and usefulness of transient 
elastography (Fibroscan®) in diagnosing non-alcoholic steatohepatitis in children 
and adolescents compared to those of abdominal computed tomography and liver 
ultrasonography.
Methods: Forty-six children and adolescent participants aged between 6 and 16 years 
who underwent transient elastography (Fibroscan®) as well as liver ultrasonography or 
abdominal computed tomography were included. Thirty-nine participants underwent liver 
ultrasonography and 11 underwent computed tomography. The physical measurements, 
blood test results, presence of metabolic syndrome, and the degree of liver steatosis and 
liver fibrosis were analyzed, and their correlations with transient elastography (Fibroscan®), 
abdominal computed tomography, and liver ultrasonography, as well as the correlations 
between examinations, were analyzed.
Results: Thirty-six participants (78.3%) were boys, and the mean age was 12.29±2.57 years, 
with a mean body mass index of 27.88±4.28. In the 46 participants, the mean values for 
aspartate aminotransferase, alanine aminotransferase, and total bilirubin were 89.87±118.69 
IU/L, 138.54±141.79 IU/L, and 0.77±0.61 mg/dL, respectively. Although transient elastography 
(Fibroscan®) and abdominal computed tomography grading had a statistically significant 
positive correlation with aspartate aminotransferase and alanine aminotransferase values, the 
correlations between the results of grading performed by transient elastography (Fibroscan®), 
abdominal computed tomography, and liver ultrasonography were not statistically.
Conclusion: We confirmed that each examination was correlated with the results of some blood 
tests, suggesting the usefulness and possibility of diagnosis and treatment of steatohepatitis 
mediated by transient elastography (Fibroscan®) in the department of pediatrics.
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INTRODUCTION

The number of patients with liver fibrosis and steatosis has greatly increased owing to the 
increased incidence of obesity and lack of exercise in modern society [1,2]. It is difficult to 
determine the exact prevalence of non-alcoholic fatty liver disease (NAFLD) in children, but it 
is estimated to be widespread, affecting up to one-third of all children worldwide [3]. Indeed, 
NAFLD has been reported in 10–80% of children who undergo liver function tests, and in 
15–44% of children who undergo liver ultrasonography [3-5].

As in adults, the early diagnosis and treatment of hepatic fibrosis and steatosis in children is 
important considering the risk of developing chronic liver disease. Until recently, liver biopsy 
was the standard when a definitive differential diagnosis was required. However, since liver 
biopsy is an invasive test, involving the piercing of the liver with a special needle, and carries 
the risk of complications, it is considered a difficult test to be performed on children [6,7].

Transient elastography (TE) (Fibroscan®) is a method to non-invasively and rapidly evaluate 
the degree of liver elasticity and steatosis, measuring the liver elasticity in both adults and 
children. TE (Fibroscan®) can perform liver stiffness measurement (LSM) to identify liver 
fibrosis and measure the controlled attenuation parameter (CAP) to identify the degree of fat 
accumulation in the liver. In previous studies, LSM has been proven as a reliable evaluation 
index for evaluating fibrotic liver disease, while CAP has been proven as an effective 
evaluation index for diagnosing hepatic steatosis [8-11].

In our previous study, we confirmed that LSM is correlated with aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), homeostasis model assessment for insulin resistance 
(HOMA-IR), and AST to platelet ratio index (APRI) in obese children and adolescents, 
while TE (Fibroscan®) was clinically confirmed to be a non-invasive, fast, and safe method 
to diagnose hepatic steatosis and fibrosis in Korean children [12]. Liver ultrasonography is 
highly dependent on the machine and the examiner, which produces a low positive predictive 
value, and may be difficult to perform in severely obese patients owing to the influence of 
edema or other adipose tissue. Additionally, the test sensitivity is lowered when the degree 
of hepatic steatosis is lower than 30% [13]. Conversely, abdominal computed tomography 
(CT) has a lower sensitivity to the measurement of hepatic steatosis compared to liver 
ultrasonography, and carries the burden of radiation exposure, which limits its use in the 
long-term follow-up of pediatric patients [14,15]. In this study, we examined the advantages 
and usefulness of TE (Fibroscan®) in diagnosing non-alcoholic steatohepatitis in children and 
adolescents compared to those of abdominal CT and liver ultrasonography.

MATERIALS AND METHODS

Participants
From June 2018 to June 2020, the TE (Fibroscan®) test was performed on 171 children and 
adolescents aged between 3 and 16 years who visited Konyang University Hospital; all tests 
were successful without failure. Among these, 46 obese children aged 6 to 16 years with a 
body mass index (BMI) greater than the 95 percentiles, considering age and sex, who had a 
liver ultrasound (US) or abdominal CT were included in the study. Of these, 39 participants 
underwent a liver US and 11 participants underwent an abdominal CT scan at the time of TE 
(Fibroscan®) examination. Four participants underwent both a liver US and an abdominal CT.
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Thirty-six participants (78.3%) were boys; the mean age was 12.29±2.57 years, and the mean 
BMI was 27.88±4.28 (Fig. 1). The exclusion criteria were; presence of a liver disease other 
than NAFLD (viral/autoimmune hepatitis, Wilson disease), use of steatogenic drugs, and 
contraindications for CT contrast media.

Methods to evaluate liver fibrosis and steatosis
LSM, which is an indicator of liver fibrosis, can be measured using TE (Fibroscan®) along 
with CAP, an indicator of fat accumulation in the liver. All the children received LSM and 
CAP measurements simultaneously using a 3.5-MHz standard M probe with a diameter of 
7 mm [14-16]. The participants were placed in a straight laying position while the examiner 
placed the probe between the ribs, perpendicular to the right lobe of the liver. If the probe 
was positioned correctly, the LSM result in kPa and the CAP result in dB/m were displayed 
simultaneously. The LSM and CAP were measured 10 times in a row, lesser accurate results 
were deleted, and the average of 10 valid results was calculated. In order to reduce any bias 
caused by intra-examiner differences, only one experienced examiner performed Fibroscan®, 
and only the results falling within less than 30% of the interquartile range were considered 
valid. Each test took an average of approximately 5 minutes. Values were measured using 
the Fibroscan® device (Echosens, Paris, France) according to the manufacturer’s guidelines. 
The CAP scores under 238 dB/m, and those ranging from 238 to 260 dB/m, 260 to 290 dB/m, 
and those higher than 290 dB/m are defined as S0, S1, S2, and S3, respectively. LSM scores 
ranging from 2 to 7 kPa, 7.5 to 10 kPa, 10 to 14 kPa, 14 kPa or higher are defined as F0 to F1, 
F2, F3, and F4, respectively.

Clinical and biochemical parameters
The participants’ height, weight, BMI, blood pressure, heart rate, and waist circumference 
were measured on the same day as that of the Fibroscan® examination. As biochemical 
variables, the serum platelet count; levels of AST, ALT, triglycerides; and total cholesterol 
were measured no more than 1 month before the Fibroscan® examination.

The physical measurements, blood test results, presence of metabolic diseases, and the 
degree of liver steatosis and fibrosis were analyzed. Additionally, their correlations with TE 
(Fibroscan®), abdominal CT, and liver ultrasonography were analyzed.

The degrees of steatohepatitis in liver US examinations were divided into Grade 0 (absent), 
Grade 1 (mild to moderate), and Grade 2 (severe). The grading of liver steatosis is usually 
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JUN. 2018-JUN. 2020
Pediatric patients (3-16 years) visited KYUH (n=171)

Obese
BMI percentile >95%

Patients (6-16 years) examined either liver US

or abdominal CT with Fibroscan (n=46)

Liver US
(n=39)

Abdominal CT
(n=11)

Both liver US and
abdominal CT

(n=4)

Fig. 1. Diagram of the study population. 
KYUH: Konyang University Hospital, BMI: body mass index, US: ultrasound, CT: computed tomography.
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obtained using US features that include liver brightness, contrast between the liver and 
the kidney, US appearance of the intrahepatic vessels, liver parenchyma, and diaphragm. 
Steatosis is graded as follows: Absent (Grade 0) when the echotexture of the liver is normal; 
mild to moderate (Grade 1), in cases of a mild to moderate increase in liver echogenicity with 
slightly impaired appearance of the portal vein wall and the diaphragm; severe (Grade 2), in 
cases of marked increase in liver echogenicity with poor or no visualization of the portal vein 
wall, diaphragm, or posterior part of the right liver lobe [17-19].

Among 39 participants who underwent liver ultrasonography, 5 were Grade 0 (12.8%), 29 
were Grade 1 (74.4%), and 5 were Grade 2 (12.8%). In abdominal CT, grading was defined 
as the difference and ratio of hepatic-spleen attenuation; normal (Grade 0) was defined as 
50–65 Hounsfield units (HUs), which were 8–10 HUs higher than that for a normal spleen. 
Grade 1 was defined as a value lower than 48 HUs, and Grade 2 was defined as that lower than 
40 HUs, or when the difference between liver and spleen attenuation was 10 HUs or more 
[20-22]. Among 11 patients who underwent an abdominal CT scan, 3 patients were Grade 0 
(27.3%), 3 patients were Grade 1 (27.3%), and 5 patients were Grade 2 (45.4%).

Statistical analysis
We used two-sided t-tests for continuous variables and χ2 tests or Fisher’s exact tests for 
categorical variables. Pearson’s and Spearman’s correlation analyses were used to examine 
the correlations between continuous variables. Relationships with p<0.05 were considered 
significant in all inferential tests.

Ethics statement
The present study protocol was reviewed and approved by the Institutional Review Board of 
Konyang University College of Medicine (approval No. 2017-11-012). Signed consent forms 
were obtained from all participants and their parents. The written consent form included 
information regarding the study objectives and the possible adverse effects and discomfort 
associated with the examination. Separate consent forms were provided for the children and 
their guardians. Before the study, consent was obtained from both the child and at least one 
parent who could communicate in Korean.

RESULTS

Demographic and clinical characteristics
Of the 46 obese children in the final study group, 36 (78.3%) were boys, the mean age was 
12.29±2.57 years, and the mean BMI was 27.88±4.28. The mean BMI percentile was 97.6±3.73. 
Blood testing showed that the AST (89.87±118.69 IU/L) and ALT (138.54±141.79 IU/L) values 
were higher than normal reference values (Table 1). There were no specific findings in 
the complete blood count. Additionally, the HbA1c was within the normal range, with an 
average of 5.50±0.38%. The total bilirubin and albumin levels were within the normal range 
(0.77±0.61 mg/dL and 4.46±0.29 g/dL, respectively), while the average fasting glucose value 
was 102.95±18.88 mg/dL, which was slightly higher than normal.

TE (Fibroscan®) results
The mean value of LSM of 46 subjects in the entire study group was 6.68±2.75 kPa, and 
the mean value of CAP was 303.78±43.96 dB/m (Fig. 2). Among a total of 46 patients who 
underwent TE (Fibroscan®), the degree of steatosis was Grade 0 in 2 participants (4.3%), 
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Grade 1 in 5 participants (10.9%), Grade 2 in 7 participants (15.2%), and Grade 3 in 32 
participants (69.6%). The degree of fibrosis was Grade 0 in 21 participants (45.7%), Grade 
1 in 17 participants (37.0%), Grade 2 in 5 participants (10.9%), and Grade 3 in 3 participants 
(6.5%) (Table 2).
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Table 1. Laboratory findings of the study population
Variable Value (n=46)
AST (IU/L) 89.87 (±118.69)
ALT (IU/L) 138.54 (±141.79)
Total cholesterol (mg/dL) 170.91 (±39.65)
Triglyceride (mg/dL) 139.1 (±65.32)
HDL-cholesterol (mg/dL) 46.8 (±10.20)
LDL-cholesterol (mg/dL) 103.9 (±29.59)
Total bilirubin (mg/dL) 0.77 (±0.61)
ALP (IU/L) 266.81 (±123.66)
r-GT (IU/L) 92.79 (±94.62)
Glucose (mg/dL) 102.95 (±18.88)
HbA1c (%) 5.50 (±0.38)
WBC (/uL) 8,300 (±2,256)
Hemoglobin (g/dL) 14.01 (±1.08)
Hematocrit (%) 41.72 (±3.27)
Platelet (103/uL) 320.90 (±91.78)
CRP (mg/dL) 0.69 (±1.36)
Protein (g/dL) 7.39 (±0.43)
Albumin (g/dL) 4.46 (±0.29)
Values are presented as mean±standard deviation or frequency (percentage).
AST: aspartate aminotransferase, ALT: alanine aminotransferase, HDL: high density lipoprotein, LDL: low 
density lipoprotein, ALP: alkaline phosphatase, r-GT: gamma-glutamyl transferase, WBC: white blood cell, CRP: 
C-reactive protein.
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Fig. 2. Fibroscan® results of the study population: LSM and CAP (r=0.174; p=0.247). In obese children and 
adolescents, the LSM is 5–6 kPa, and the CAP is about ≥300 dB/m. Both the LSM and CAP values of the study 
group were relatively high. 
LSM: liver stiffness measure, CAP: controlled attenuation parameter.

Table 2. Grading in transient elastography (Fibroscan®) (n=46)
Grade Fibrosis Steatosis
0 21 (45.7) 2 (4.3)
1 17 (37.0) 5 (10.9)
2 5 (10.9) 7 (15.2)
3 3 (6.5) 32 (69.6)
Values are presented as number (%).
The CAP scores under 238 dB/m, and those ranging from 238 to 260 dB/m, 260 to 290 dB/m, and those higher 
than 290 dB/m are defined as S0, S1, S2, and S3, respectively. LSM scores ranging from 2 to 7 kPa, 7.5 to 10 kPa, 10 
to 14 kPa, 14 kPa or higher are defined as F0 to F1, F2, F3, and F4, respectively.
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Correlations of AST/ALT with Fibroscan®, liver US, and CT grading
When the correlation between TE (Fibroscan®), abdominal CT, and liver US was analyzed, the 
TE (Fibroscan®) and abdominal CT grading showed a statistically significant positive correlation 
with the AST and ALT levels in the blood test results (Table 3, Fig. 3). The CT grading 
showed a statistically positive correlation with ALT levels (r=0.703; p=0.016). However, the 
correlations between the results of grading performed by TE (Fibroscan®), abdominal CT, and 
liver ultrasonography was not statistically significant (Table 4). The results of the Fibroscan® 
according to US and CT grades are shown in Tables 5 and 6, respectively.
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Table 3. Correlation of Fibroscan® results and liver US/CT with clinical traits
Characteristics Grading in liver US Grading in abdominal CT Fibrosis grading in Fibroscan®

Age r=−0.062; p=0.709 r=0.244; p=0.470 r=−0.052; p=0.733
Sex r=0.000; p=1.000 r=−0.134; p=0.695 r=−0.109; p=0.471
BMI r=0.289; p=0.074 r=0.259; p=0.441 r=0.257; p=0.085
AST (IU/L) r=0.145; p=0.378 r=0.720; p=0.013* r=0.600; p=0.000*
ALT (IU/L) r=0.263; p=0.105 r=0.703; p=0.016* r=0.653; p=0.000*
Total bilirubin (mg/dL) r=−0.295; p=0.068 r=0.133; p=0.697 r=−0.123; p=0.417
HbA1c (%) r=0.442; p=0.021* r=0.466; p=0.292 r=0.161; p=0.379
Glucose (mg/dL) r=−0.063; p=0.722 r=0.292; p=0.384 r=0.265; p=0.095
US: ultrasound, CT: computed tomography, BMI: body mass index, AST: aspartate aminotransferase, ALT: alanine 
aminotransferase.
*p<0.05.
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Fig. 3. Correlation of ALT and LSM of Fibroscan® (r=0.747; p<0.001). 
ALT: alanine aminotransferase, LSM: liver stiffness measure.

Table 4. Correlation with Fibroscan® results and liver US/CT grading
Characteristics Grading in liver US Grading in abdominal CT
LSM (kPa) r=0.133; p=0.418 r=0.483; p=0.132
CAP (dB/m) r=0.309; p=0.056 r=−0.042; p=0.903
US: ultrasound, CT: computed tomography, LSM: liver stiffness measurement, CAP: controlled attenuation 
parameter.

Table 5. Values of Fibroscan® results according to liver US grading
Grading in liver US N CAP (dB/m) LSM (kPa)
G0 5 274.8±62.6 5.32±0.89
G1 29 301.55±43.26 7.03±3.29
G2 5 329.2±22.9 6.84±1.15
Values are presented as number only or mean±standard deviation.
Steatosis is graded as follows: Absent (Grade 0) when the echotexture of the liver is normal; mild to moderate 
(Grade 1), in cases of a mild to moderate increase in liver echogenicity with slightly impaired appearance of the 
portal vein wall and the diaphragm; severe (Grade 2), in cases of marked increase in liver echogenicity with poor 
or no visualization of the portal vein wall, diaphragm, or posterior part of the right liver lobe.
US: ultrasound, CAP: controlled attenuation parameter, LSM: liver stiffness measurement.
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DISCUSSION

Non-alcoholic steatohepatitis is the most common liver disease in children and adolescents in 
developed countries, where it is emerging as a major health issue [23-26]. According to the data 
from the Korean National Health and Nutrition Examination Survey (KNHANES) conducted by 
the Korea Centers for Disease Control and Prevention (KCDC), the prevalence of non-alcoholic 
steatohepatitis in Korean adolescents increased from 4.7% in 2010 to 5.9% in 2015 [27]. Non-
alcoholic steatohepatitis can develop from simple steatosis into liver fibrosis, cirrhosis, liver 
failure, and hepatocellular carcinoma, and its early diagnosis and treatment is important in 
high-risk groups with type 2 diabetes or cardiovascular disease [28-32].

A non-invasive test method is essential to diagnose non-alcoholic steatohepatitis in children and 
adolescents at an early stage. Although liver biopsy is the most accurate and definitive diagnostic 
method for non-alcoholic steatohepatitis, studies comparing non-invasive diagnostic methods 
are being conducted due to the invasiveness of liver biopsy [33]. Even though non-invasive tests 
are currently available and reliable, liver biopsy remains the ‘gold standard’ to confirm or exclude 
non-alcoholic steatohepatitis. However, numerous studies have shown that bio-markers alone 
are not sufficient to identify patients with non-alcoholic steatohepatitis [34-37].

This study was the first to confirm that TE (Fibroscan®) and abdominal CT grading showed a 
statistically significant positive correlation with AST and ALT levels in blood tests. A previous 
study showed [38] that in patients with non-alcoholic steatohepatitis, the Fibroscan-AST 
(FAST) score may be an index to determine its activity and fibrosis level, which uses the LSM, 
CAP, and AST indices. In this study, LSM and CAP of TE (Fibroscan®) and AST identified in 
blood tests all showed a positive correlation. In obese children and adolescents, the LSM has 
been shown to generally range from 5–6 kPa, while the CAP is 300 dB/m or more. Thus, both 
the LSM and CAP values of the present study group were relatively high. We were also able to 
find similar results to the study conducted by Loaeza-del-Castillo et al. [39], which confirmed 
that the APRI increased significantly as the degree of desensitization increased in patients 
with non-alcoholic steatohepatitis.

In another study comparing non-invasive diagnostic methods in children and adolescents 
with non-alcoholic steatohepatitis, Serai et al. [40] reported that although US is an 
accessible, inexpensive, and more convenient technique to use in young children, the volume 
of tissue interrogated is small, and US−based techniques may not perform as well in patients 
with severe obesity or ascites, which often accompany fatty liver disease [41].

In the meta-analysis published by Xiao et al. [42], the APRI, fibrosis-4 index (FIB-4), BMI, 
AST/ALT ratio and Diabetes (BARD) score, NAFLD fibrosis score (NFS), Fibroscan®, shear 
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Table 6. Values of Fibroscan® results according to CT grading
Grading in abdominal CT N CAP (dB/m) LSM (kPa)
G0 3 270±34.17 4.86±0.35
G1 3 340±45.03 7.23±1.40
G2 5 307.6±23.02 6.92±1.88
Values are presented as number only or mean±standard deviation.
In abdominal CT, grading was defined as the difference and ratio of hepatic-spleen attenuation; normal (Grade 0) 
was defined as 50–65 Hounsfield units (HUs), which were 8–10 HUs higher than that for a normal spleen. Grade 
1 was defined as a value lower than 48 HUs, and Grade 2 was defined as that lower than 40 HUs, or when the 
difference between liver and spleen attenuation was 10 HUs or more.
CT: computed tomography, CAP: controlled attenuation parameter, LSM: liver stiffness measurement.
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wave elastography (SWE), and magnetic resonance enterography (MRE) were compared. 
Subsequently, MRE and SWE were found to be the most accurate diagnostic methods, while 
NFS and FIB-4 showed the best diagnostic performance. Additional diagnostic methods were 
included compared to those in this study, and the patient group was comparatively analyzed by a 
meta-analysis of 13,294 patients. Although the Fibroscan® M probe showed moderate accuracy, it 
also showed noteworthy advantages in terms of its simple indicators and non-invasiveness.

Even though the APRI alone is not sufficiently sensitive to rule out significant disease, it 
is commonly used to predict significant hepatic fibrosis. The normal range of the APRI is 
0.5–1.5 [43,44]. Among the 46 participants in our study, 35 had a score ≤0.5. Only one child 
was verified with an APRI score of 3.1. In this study, no child scored 4 points on the BARD; 4 
children were confirmed to score 3 points, 12 scored 2 points, 11 scored 1 point and 20 scored 
0 point. In the study of Harrison et al. [44], the BALD scores equaling 0 or 1 were found to 
have a high negative predictive value for advanced fibrosis.

The NFS was used to classify the probability of advanced liver fibrosis as follows: <−1.5, low 
probability; >−1.5 to <0.67, intermediate probability; and >0.67, high probability [45]. In this 
study, 41, 5, and no children showed NAFLD fibrosis scores <−1.5, >−1.5 to <0.67, and >0.67, 
respectively.

This study had several limitations. First, liver biopsy, which is the gold standard method to 
evaluate liver fibrosis, was not performed on patients in this study. Therefore, the accuracy 
of the results of liver ultrasonography, CT, and Fibroscan® could not be clarified. Second, this 
study was conducted in a single university hospital, and the sample was small, which would 
have introduced bias. The limitations also included the fact that the study period was short, 
that the number of patients assigned to the study group was small, and that liver US/CT tests 
were not performed in all participants. Although our previous study compared the Fibroscan® 
test results between the non-obese control group and the obese group; a non-obese control 
group with a liver ultrasonography and CT was not established as the control group in the 
present study [9].

Recently, several studies comparing non-invasive diagnostic methods for non-alcoholic 
steatohepatitis have been conducted. However, most of these studies have been conducted on 
adults, and there are few studies specifically on children and adolescents in Korea.

We studied the correlation between the conventional liver US or abdominal CT scans and TE 
(Fibroscan®) in pediatric non-alcoholic steatohepatitis. Notably, the correlations between 
the tests were not statistically significant; however, it was confirmed that there was a positive 
correlation between the AST/ALT levels of blood tests and the non-invasive tests, including 
the Fibroscan test and abdominal CT scan, which suggests the usefulness and possibility of 
diagnosing hypersteatohepatitis by TE (Fibroscan®). Further large-scale national studies on 
TE (Fibroscan®) in children and adolescents with steatohepatitis and liver fibrosis are needed 
to expand utilization of TE (Fibroscan®) in the near future.
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