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Liver biopsy is the gold standard for the diagnosis and management of various liver
diseases; however, noninvasive diagnostic modalities may help prevent adverse effects
of anesthesia, prolonged hospitalization, sampling error, and other serious complications, particularly in pediatric patients. The aim of this study is to compare the results of
liver biopsy and ﬁbroscan in children with chronic liver diseases. All patients presenting
chronic liver disease admitted in the ward or clinic of Tehran’s Children Medical Center
were enrolled in the study. Required laboratory tests were performed to diagnose the
disease, followed by elastography using ﬁbroscan 402 (M-probe) Echosens machine
and liver biopsy using Menghini technique. Samples were scored by using METAVIR
scoring system. Thirty-two patients were reported (68.8%, female) with autoimmune
hepatitis (18.8%), Wilson disease (12.5%), and glycogen storage disease (12.5%). The
most common pathologic stage and ﬁbroscan result was stage III and F0 (46.9%),
respectively. Association between pathology and ﬁbroscan results was not signiﬁcant.
Nonetheless, age and diagnosis, age and Fibroscan score, and pathology and liver
function test were signiﬁcantly associated with each other. Fibroscan cannot be used as
an alternative to liver biopsy; however, it can be a useful accessory tool.

Introduction
Despite the development of minimally invasive diagnostic
techniques, liver biopsy remains the cornerstone for the
diagnosis and management of liver diseases.1 Examination
of liver tissue is an essential tool for the diagnosis of the
pathological condition and stage, essentially in pediatric
diseases.2 Alterations in tissue morphology can help differentiate between hepatitis, liver cholestasis disease, steatosis,
vascular disorders, and infectious diseases.3 Liver biopsy is
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particularly valuable in the cases of overlapping syndromes,
atypical clinical signs, or those with unknown diagnosis.4
In addition to diagnosis, liver biopsy is now used as a
prognostic tool for a variety of liver diseases providing data
the cause and etiology of the disease and degree of inﬂammation and ﬁbrosis, thereby aiding precise clinical decision.5
Advancements in technology have allowed scientists to
develop noninvasive methods, such that the need for liver
biopsy can be signiﬁcantly reduced.6 Fibroscopy (transient
elastography) is a novel noninvasive method used to evaluate
the degree of liver ﬁbrosis.7 The fundamental principle of
ﬁbroscopy is a one-dimensional transient elastronic wave,
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which measures variations in the liver stiffness in kPa (LSM),
in response to the changes in the speed of transient
elastography.8 In the past few years, ﬁbroscopy has been
more frequently used to evaluate various liver diseases, in
comparison with biopsy and other diagnostic modalities.
Fibrosopy has been suggested for the diagnosis of cirrhosis in
cases where coagulation disorders could preclude biopsy.9
The aim of this study was to measure liver hardness
measurement (LSM) using ﬁbroscopy and compare these
results with liver biopsy to measure the degree of
ﬁbrosis/cirrhosis in pediatric patients.

is, for example 80%, the actual test sensitivity was considered
between 70 and 90%.
With regard to speciﬁcity, 79% of ﬁbroscopy speciﬁcations
were considered by including 30 healthy individuals in the
study, and the estimated ﬁberscope test speciﬁcation was
0.145. That is, if the test feature in the study, for example is
80%, the actual test speciﬁcation would be between 0.945
and 0.655%. This study was approved by the Research Ethics
Board of Tehran University of Medical Sciences (REC.
TUMS:2017.0912).

Data Analysis Method

Materials and Methods
In this research, all the pediatric patients referred to the
gastroenterology clinic of the Children’s Medical Center
Hospital in Tehran during 2015 to 2017 were enrolled. After
obtaining written consent from parents, patients with chronic
liver disease were included in the study. To determine the
cause of underlying illness, in cases where there was no
deﬁnitive diagnosis, further examinations were performed,
such as serologic tests for hepatitis B or C virus, sweat test for
the evaluation of cystic ﬁbrosis, duodenal duct test for the
diagnosis of biliary atresia, assessment of speciﬁc antibodies to
detect autoimmune hepatitis and ceruloplasmin, and urine
copper tests for Wilson’s disease. In other cases, the diagnosis
was proceeded according to the standard criteria of the case.
Cases of thalassemia, cerebrovascular diseases, and neoplasms
were not included in the study.
Elastic examination was performed by Fibroscan Fs402
(including probe model M), Echosens, France. The scan was
performed on the right lobe of the liver while patients were
in the dorsal decubitus position, and the right arm was
placed at maximum abduction. At ﬁrst, liver tissue with a
thickness of at least 6 cm and no large vessels was identiﬁed
by using A-mode sonography. At minimum, 10 images were
prepared according to the manufacturer’s instructions and 6
images were used for the validation, so that less than 30% of
the cases were in the range of 25 to 75th percentile. The
samples were divided into ﬁve stages of the disease based on
the METAVIR scoring system: F0: without ﬁbrosis; F1: port
ﬁbrosis without septum; F2: the presence of port ﬁbrosis and
few septum; F3: abundant septum without evidence of
cirrhosis; and F4 Cirrhosis. Liver biopsy was performed by
using the Menghini technique in accordance to the age of the
patient, using Hepaﬁx needles of 1.2 to 1.6 mm in diameter
(Braun, Melsungen, Germany). The results of liver biopsies
were evaluated by a pathologist, who was uninformed
regarding the results of the ﬁbroscopy and biomarkers.
For each patient, a questionnaire including demographic
characteristics such as age, gender, the underlying cause of
liver disease, pathologic ﬁndings, and elastogram was
recorded. Considering the annual rate of referral to gastrointestinal and liver wards, a sample size of approximately 30
was used to study liver disease by elastography and biopsy.
Considering the sensitivity of 90% of the ﬁbroscopy test in 30
patients, the estimated sensitivity of the ﬁbroscopy test was
approximately 0.107. If the sensitivity of the test in the study
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Data were analyzed by using SPSSv17 software. Quantitative
and qualitative data were reported as standard deviation 
mean and frequency, respectively. Qualitative ﬁndings were
analyzed by Chi-square test and quantitative ﬁndings, using
nonparametric Kolmogorov–Smirnov test. The diagnostic
accuracy of the ﬁbroscopy for cirrhosis (METAVIR score:
F0–F4) was calculated based on the ROC (receiver operating
characteristics) curve.

Results
In our study, 32 patients were examined in total, 10 boys
(31.3%) and 22 girls (68.8%). The mean age and the age range
of the patients were 44.59  70.53 and 5 months to 14 years,
respectively. Patients presented the following liver diseases:
six cases of autoimmune hepatitis (18.8%), two cases of
cholestasis and hepatitis B (6.2%, each), three cases of
extracellular portal hypertension and metabolic disease
(9.4%, each), and four cases of GSD, steatosis and Wilson
disease (12.5%, each), one case of celiac disease, congenital
hepatitis, sarcoidosis, and primary sclerosing cholangitis
(3.1%, each; ►Fig. 1).
Pathological examination of patients showed the following results: four cases of Stage 0 (12.5%), six cases of Stage I
(18.8%), eight cases of Stage II (25%), seven cases of Stage III
(21.9%), ﬁve cases of Stage IV (15.6%), and two cases of
Stage V (6.3%) (►Fig. 2).
Fibroscopic examination of the patients showed 15 cases of
F0 (46.9%), eight cases of F1 (25%), seven cases of F2 (21.9%),
and two cases of F3 (6.3%), whereas liver function test revealed
that 4 cases (12.5%) were normal, 4 cases (12.5%) were 2 times
less than normal, 10 cases (31.3%) were twice as normal, and
14 (43.8%) of them were 2.5 times more than normal. (►Fig. 3).
In 29 cases (90.6%), international normalized ratio was lower
than 1.5, where in three cases (9.4%), it was above 1.5 statistical

Fig. 1 Illnesses of patients studied.
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Table 1 Pearson’s correlations among study variables
1

2

3

4

5

Age
Pathology

0.336a

Fibroscan

0.368

0.217

LFT

0.039

0.479b

0.064

0.205

0.265

INR

0.304

a

0.178

Abbreviations: INR, international normalized ratio; LFT, liver function test.
a
Correlation is signiﬁcant at the 0.1 level (two-tailed).
b
Correlation is signiﬁcant at the 0.05 level (two-tailed).

Fig. 2 Different stages of cirrhosis of the patients studied.

Table 2 The average age of patients based on pathologic
prognosis
n

Mean

Standard
deviation

Minimum

Maximum

GSD

5

38.40

39.25

12

108

Cholestasis

2

6.5

2.12

5

8

Hepatitis B

1

120

Metabolic
disease

3

28

Hepatitis
autoimmune

6

Wilson
Sarcoidosis

120

120

27.71

12

60

84

28.39

48

120

4

72

21.90

48

96

1

120

120

120

Fatty liver

4

90

Fig. 3 Distribution of liver function test results in patients under study.

Sclerosing
cholangitis

1

96

analysis showed that the stage of ﬁbroscan was positively
related with the score in relative terms; however, there was
no signiﬁcant relationship between the two parameters
(p ¼ 0.808). As shown in ►Tables 1 and 2, age was signiﬁcantly
related to the outcomes of ﬁbroscopy (p ¼ 0.038), whereas
pathology was related to LFT status (p ¼ 0.479).

Extra-liver
problems

3

88

Congenital
diseases

1

Celiac
Total

39.79

60

144

96

96

36

144

48

48

48

1

168

168

168

32

70.53

5

168

54.11

44.59

Abbreviation: GSD, glycogen storage disease.

Discussion
Assessing the progression of chronic liver disease (or its recurrence upon treatment) holds clinical importance in the ﬁeld of
hepatology. The severity of ﬁbrosis is the most signiﬁcant
predictor of the status of liver disease, regardless of etiology.
Patients with advanced-stage ﬁbrosis are likely to develop
cirrhosis.10 Evaluating the effectiveness of the treatment,
for example in liver autoimmune disease, is also important.
Several gastrointestinal pathologies are associated with
cirrhosis, that is, hepatocellular carcinoma, hepatic encephalopathy.11 Liver biopsy is now used as a gold standard for
evaluating ﬁbrosis; however, it requires hospitalization and
anesthesia, and sampling error is frequent along with serious
risks such as bleeding.12 Designing accurate and reliable noninvasive method to determine the stage of ﬁbrosis for chronic
liver disease is, therefore, of utmost importance.
In adults, several noninvasive methods are recognized for
the diagnosis of liver ﬁbrosis, including the simple cohortderived markers such as APRI,13 microRNA 122, and Forns,14

and algorithms including extracellular matrix turnover
factors, such as ﬁbrometer,5 ﬁbrotest,15 and hepa-score.16
Serum markers often cannot differentiate sufﬁciently
between the degrees of ﬁbrosis. Over the past 5 to 6 years,
the use of transient elastography (TE) has been accepted
more, as a noninvasive method to evaluate liver disease.17 TE
is performed by the transmission of the vibration through
the chest wall to the liver, using an ultrasound probe with a
vibration transducer. An elastic shear wave is induced in the
liver, and using the Young modulus (E) index, liver elasticity
is determined from the wave velocity. Liver stiffness is
expressed in kilopascals. Accuracy of this method is extensively reported in adult patients;18 however, fewer studies
have been conducted in children.19,20
In our study, 32 patients were studied, of which 68.8%
were females. A study conducted by Fitterpatrick et al,21
similar to our study, showed that the majority of subjects
(60%) were boys. Engelmann’s22 study found that in
girls between 11 and 18 years of age, liver stiffness was
Journal of Child Science
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signiﬁcantly lower than that in boys (4.71 vs. 5.6 kPa). The
average age of patients in our study was 70.53 months
(6 years), while in Fitzpatrick study, it was 13.6 years.
Fibroscopy has been associated with radical variations in the
outcomes due to the diversiﬁcation of the age in the different
studies. Engelmann reported that liver ﬁrmness was signiﬁcantly dependent on age; hence among the children between
0 and 5 years, the mean liver rigidity score was 4.7 kPa. While
in 6 to 11 years old children, it was 4.73 kPa and in children
12 to 18 years of the age, it was 5.1 kPa, thereby suggesting
the implication of ﬁbroscopy in children of different age
groups. The study also reported that from 6 years of
the age, efﬁcient ﬁbroscopy without anesthesia is reliable.
Goldsmith’s study23 reports that data regarding children
under the age of 6 years is scarce and the effects of technical
aspects of ﬁbroscopy such as probe selection and the location
of measurement on the results are unknown. This study
reports an overall success rate of 90%, where 83% of the
patients were under the age of 24 months. In our study, age
had a signiﬁcant effect on the results of ﬁbroscopy.
The diagnosed disease was not signiﬁcantly related with
the score of ﬁbroscopy or pathology, but was statistically
related with age. In the study by Fitzpatrick et al, out of 104
patients, 27 presented autoimmune diseases, 37 had nonalcoholic liver, 16 post-transplant, 8 hepatitis B and C, and 5
had Wilson’s disease. Fibroscopy was most effective in
autoimmune and post-transplant patients. Nonetheless,
our study does not report similar data perhaps due to small
sample size and the dispersion of diagnoses, reducing the
validity of the results for the comparison between the
groups.
The study by Shen et al24 provided comparison between
ﬁbroscan and liver biopsy in BA. In that study, LSM was
statistically different between the two stages F2 and F4. This
difference was also found between F3 and F4, while no such
differences were seen in our study and the relationship
between degrees of ﬁbrosis and pathology was not signiﬁcant. Fewer samples with great variations in the type of
pathology can explain such discrepancies.
Similarly, the type of the pathology and the LFT were
signiﬁcantly related in our study. Higher hepatic ﬁbrosis,
approaching to cirrhosis stage, was associated with impaired
liver function.25,26
Our ﬁndings are based on a small sample size and data
regarding biochemical ﬁndings are not presented. Further
studies are therefore required in this regard comparing other
imaging modalities for the diagnosis of liver ﬁbrosis in
children.
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