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Abstract
AIM: To evaluate transient elastography (TE) as a 
noninvasive tool in staging liver fibrosis compared with 
liver biopsy and morphometry in children with different 
chronic liver diseases.

METHODS: A total of 90 children [50 with chronic 
hepatitis C virus (HCV), 20 with autoimmune hepatitis 
(AIH) and 20 with Wilson disease] were included in the 
study and underwent liver stiffness measurement (LSM) 
using TE. Liver biopsies were evaluated for fibrosis, 
qualitatively, by Ishak score and quantitatively by 
fibrosis area fraction (FAF) using digital image analysis 
(morphometry). LSM was correlated with fibrosis and 
other studied variables using spearman correlation. 
A stepwise multiple regression analysis was also 
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performed to examine independent factors associated 
with LSM. Different cut-off values of LSM were calculated 
for predicting individual fibrosis stages using receiver-
operating characteristic curve. Cut-off values with 
optimal clinical performance (optimal sensitivity and 
specificity simultaneously) were selected.

RESULTS: The majority of HCV group had minimal 
activity (80%) and no/mild fibrosis (72%). On the other 
hand, the majority of AIH group had mild to moderate 
activity (70%) and moderate to severe fibrosis (95%) 
and all Wilson disease group had mild to moderate 
activity (100%) and moderate to severe fibrosis (100%). 
LSM correlated significantly with both FAF and Ishak 
scores and the correlation appeared better with the 
latter (r  = 0.839 vs  0.879, P < 0.0001 for both). LSM 
discriminated individual stages of fibrosis with high 
performance. Sensitivity ranged from 81.4% to 100% 
and specificity ranged from 75.0% to 97.2%. When we 
compared LSM values for the same stage of fibrosis, 
they varied according to the different etiologies. Higher 
values were in AIH (16.15 ± 7.23 kPa) compared to 
Wilson disease (8.30 ± 0.84 kPa) and HCV groups (7.43 
± 1.73 kPa). Multiple regression analysis revealed that 
Ishak fibrosis stage was the only independent variable 
associated with higher LSM (P  < 0.0001).

CONCLUSION: TE appears reliable in distinguishing 
different stages of liver fibrosis in children. However, its 
values vary according to the disease type. For that, a 
disease-specific estimation of cut-off values for fibrosis 
staging is worthy.
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Liver fibrosis; Liver stiffness; Morphometry; Pediatrics; 
Transient elastography; Wilson disease
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Core tip: Noninvasive prediction of liver fibrosis is a 
challenging issue especially in pediatric population. 
Liver stiffness, as assessed by transient elastography, 
was reported to be associated with liver fibrosis 
and therefore proposed as a candidate for fibrosis 
prediction. The accuracy of transient elastography 
has been shown to be excellent in a large number of 
adult studies, most of which are concerned with viral 
hepatitis. A few studies have also been performed in 
children. In addition to viral etiology, the current study 
is concerned with noninvasive assessment of fibrosis 
in other etiologies of pediatric chronic liver diseases. 
We compared the liver stiffness measurements with 
both the Ishak fibrosis score and the quantitative 
assessment of fibrosis using morphometry.
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INTRODUCTION
Severity of liver fibrosis and its progression are the 
most important factors for the treatment policy and its 
outcome in children with chronic liver disease. Those 
with more advanced stages of fibrosis are more likely 
to develop cirrhosis[1]. Evidence of significant fibrosis 
is an indication to commence treatment in certain 
conditions, such as chronic hepatitis C[2]. Evaluation 
of treatment efficacy and fibrosis regression in 
autoimmune hepatitis (AIH)[3] and Wilson disease[4] is 
also important. In those with cirrhosis, surveillance for 
gastroesophageal varices is of utmost importance[5].

Liver biopsy has been considered the gold standard 
for evaluating fibrosis. However, it is limited by the 
need for hospital admission and sedation in children. 
The accuracy of liver histology assessment has been 
challenged because of sampling error (1/50000 of the 
liver is sampled with needle biopsy) and up to 30% of 
cirrhotic cases might be missed, especially when the 
liver specimens are small or fragmented[6], in addition 
to serious risks including bleeding[7,8].

Development of reliable and accurate noninvasive 
methods for determining fibrosis stage is important 
across all chronic liver diseases of childhood. Several 
noninvasive methods have achieved acceptance in adults 
during the past decade. Biochemical, hematological 
and serological markers were derived, including the 
aspartate transaminase-to-platelet ratio index (APRI)[9], 
the Forns index[10], the fibrotest[11], the hepascore[12], 
and the Egy-Score[13]. However, most of these fibrosis 
markers have been evaluated only in chronic hepatitis 
C virus (HCV) infected patients.

Serum markers often discriminate higher stages of 
fibrosis, but do not discriminate adequately between 
earlier stages of fibrosis[14-16]. Identifying early stages 
of liver fibrosis is essential to initiate therapy and to 
prevent disease progression. An efficient tool allowing 
the detection of a slight variation in liver fibrosis would 
be essential for antifibrotic trials[17].

During the past few years, liver stiffness mea-
surement (LSM) by the use of transient elastography 
(TE) has become increasingly accepted as a non-
invasive marker of liver disease[18]. The accuracy of 
TE has been shown to be excellent in a large number 
of adult studies[18-21]. A few studies have also been 
performed in children[22-26].

The narrow step changes between categorical Ishak 
or Metavir fibrosis stages are defined by qualitative 
criteria, which may not closely reflect quantitative 
fibrosis changes. Digital image analysis (morphometry) 
allows quantitative assessment of fibrosis area fraction 
(FAF) on picrosirius red stained liver tissue sections. 
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It provides more objective data and detecting smaller 
changes between biopsies particularly in patients with 
early stages of fibrosis[27-29].

We aimed to study the value of transient elas-
tography as a noninvasive tool in staging liver fibrosis 
compared with liver biopsy and morphometry in 
children with different chronic liver diseases.

MATERIALS AND METHODS
Study population
This prospective cross-sectional study included a 
total of 90 children with three different etiologies of 
chronic liver disease (50 with chronic HCV infection, 
20 with AIH, and 20 with Wilson disease). Patients 
were recruited consecutively from the Pediatric 
Hepatology department, National Liver Institute, 
Menofiya University and Pediatric Hepatology and 
Gastroenterology Unit, Mansoura University Children 
Hospital, Egypt in the period between 2012 and 
2014. Those with systemic diseases such as cardiac, 
pulmonary or renal diseases were excluded from the 
study. Patients with ascites or decompensated liver 
disease or those with body mass index more than 
28 were also excluded. A signed informed consent 
was obtained from the parents of the patients before 
enrollment in the study. The study was approved 
by the Research Ethics Committee of National Liver 
Institute, Menofiya University, Egypt.

Etiological diagnosis and group allocation
After complete history taking, thorough clinical 
examination and routine investigations, diagnosis 
of chronic hepatitis C was based on the presence 
of serum anti-HCV antibody (Ab) and persistently 
positive HCV-RNA for six months or more[30,31], 
negative hepatitis B viral markers and absence of 
any associated liver disease; supported by the his-
topathological feature of HCV infection in liver biopsy. 
AIH was defined according to the simplified AIH 
score[32]. Wilson disease was diagnosed by clinical and 
laboratory evidence of chronic hepatitis, the presence 
of low plasma ceruloplasmin level in some patients, 
significant urinary copper excretion with penicillamine 
challenge test, positive Kayser-Flischer ring by slit 
lamp examination, positive staining for copper in liver 
biopsy with absent evidence for any other associated 
liver disease. Severity of liver disease was assessed 
by the pediatric end-stage liver disease (PELD) score 
or the model for end-stage liver disease (MELD) score 
according to the age of the patient[33].

Serum autoantibodies, protein electrophoresis and 
urinary copper excretion
All patients were tested for serum autoantibodies and 
gammaglobulins at presentation. Antinuclear antibody 
(ANA), anti-smooth muscle antibody (ASMA), liver 

kidney microsomal antibody- 1 (LKM1), and anti-
mitochondrial antibody (AMA) were tested by indirect 
immunofluorescence technique using a Fluoro-KitTM 
Combo Pak (All from DiaSorin, Stillwater, Minnesota, 
United States). Protein electrophoresis was performed 
using Titan III Cellulose Acetate Plate and scanned 
using Helena QuickScan 2000 (both from Helena labo-
ratories, Beaumont, Texas, United States). Twenty-
four hours urinary copper was determined by spectro-
photometry (Biosystems, BTS-310)[4].

Serum viral markers and ultrasonography
Hepatitis B surface antigen (HBsAg), anti-hepatitis B 
core immunoglobulin (Ig)M and IgG types were tested 
by enzyme linked immunosorbent assay (ELISA) kit 
(All from Sorin Biomedica Co, Spain). Anti-HCV Ab was 
tested by 4th generation ELISA (Innogenetics, Ghent-
Belgium). Real-time polymerase chain reaction for 
HCV-RNA was performed using COBAS® Ampliprep/
COBAS® TaqMan®, Roche Molecular Systems, Inc., 
Branchburg, NJ, 08876 United States. Ultrasonography 
was performed by using 2-5-MHz curved linear and 
4-8-MHz linear transducers (Xario XG; Toshiba, Tokyo, 
Japan).

Transient elastography
TE was performed by a single operator who was 
unaware of the fibrosis stage or blood biomarkers 
results. TE was performed using the standard M probe 
using the right lobe of the liver through the intercostal 
space. Liver stiffness was measured through a device 
called FibroScan which is composed of an ultrasound 
transducer probe mounted on the axis of a vibrator. 
Vibrations of mild amplitude and low frequency are 
transmitted by the transducer, inducing an elastic shear 
wave that propagates through the underlying tissues. 
Pulse echo ultrasound acquisition is used to follow the 
propagation of the shear wave and to measure its 
velocity in kilopascals (kPa), which is directly related 
to tissue stiffness: the stiffer the tissue, the faster the 
shear wave propagates[34]. Ten successful acquisitions 
were performed on each patient. The success rate was 
calculated as the ratio of the number of successful 
acquisitions over the total number of acquisitions. 
The median value was kept as representative of the 
liver elastic modulus. The LSM was considered reliable 
only if 10 successful acquisitions were obtained, 
with interquartile range ≤ 30% of liver stiffness and 
success rate > 60%. A 10-mm diameter core of tissue 
was measured in depth between 25 mm and 65 mm. 
The liver stiffness was expressed in kPa. A higher kPa 
reflects a stiffer liver and more severe liver fibrosis. 

Liver biopsy and histopathological evaluation
Liver biopsy was performed by percutaneous ultra-
sonography-guided Tru-Cut needle 14 G using local 
anesthesia and sedation. A core of at least 1.5 
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cm length or encompassing five portal areas was 
considered suitable for interpretation. Specimens were 
fixed in formalin, embedded in paraffin and stained 
with hematoxylin and eosin, Masson’s trichrome, 
reticulin, Perl’s stains, Prussian blue and picrosirius red 
(for collagen). Hepatic necroinflammatory activity and 
liver fibrosis were evaluated according to Ishak score. 
Necroinflammatory activity was classified into minimal 
(score A1-A3), mild (score A4-A8), moderate (score 
A9-A12), and severe (score A13-A18)[35]. Fibrosis was 
classified into mild (F1), moderate (F2-F3), and severe 
fibrosis or cirrhosis (F4-F6)[36].

FAF by morphometery
The morphometric assessment of liver fibrosis was 
performed as previously described[3] using the fully 
automated X-Y motorized stage Leica microscope 
(Leica, Cambridge, England) and Leica image processor 
with Leica Qwin software 2004. Liver biopsy assessment 
by Ishak score and morphometry was performed by a 
highly experienced hepatopathologist (KRZ) who was 
unaware of the clinical data or the final diagnosis of the 
patients. Assessment of liver fibrosis was performed 
within a week from serological tests.

Statistical analysis
Values were expressed as mean ± SD or number 
(percentage) of individuals with a condition. For 
quantitative data, statistical significance was tested 
by either independent samples t-test or by the non-
parametric Mann-Whitney U test according to the 
nature of the data. For qualitative data, significance 
was tested by χ2 test or Fisher’s exact test. Correlation 
was tested by Spearman test. A stepwise multiple 
regression analysis was also performed to examine 
independent factors associated with LSM. The final 
model was determined using Pin < 0.05 and Pout < 
0.10. Standardized coefficient (β), R squared (R2) and 
P values of the independent variables are presented. 
The diagnostic value of liver stiffness was assessed 
by calculating the area under the receiver-operating 
characteristic (AUROC) curves. The diagnostic per-
formance was measured as sensitivity, specificity, 
positive predictive value and negative predictive value. 
The cut-off values for optimal clinical performance 
(optimal sensitivity and specificity simultaneously) 
were determined from the ROC curves (The upper 
most left point). Results were considered significant if 
P-value was < 0.05. Statistical analysis was performed 
using SPSS, version 13 (SPSS Inc, Chicago, IL, United 
States).

RESULTS
Study population characteristics
A total of 90 children were recruited to the study 
between 2012 and 2014; 50 children with chronic HCV, 

20 children with AIH (18 patients were type-1 AIH and 
2 patients were seronegative AIH), and 20 children with 
Wilson disease. None of the HCV group had jaundice, 
hepatomegaly or splenomegaly and their liver enzymes 
were significantly lower compared to the other studied 
groups (P < 0.0001 for all) (Table 1). The majority of 
HCV group had minimal activity (80%) and no/mild 
fibrosis (72%). On the other hand, the majority of 
AIH group had mild to moderate activity (70%) and 
moderate to severe fibrosis (95%) and all Wilson 
disease group had mild to moderate activity (100%) 
and moderate to severe fibrosis (100%) (Table 1).

Correlation of LSM with liver fibrosis in liver biopsy
LSM correlated significantly with both FAF and Ishak 
fibrosis scores and the correlation appeared better with 
the latter (Figure 1). The mean value of LSM increases 
successively with higher stages of fibrosis. Comparing 
the individual fibrosis stages in all the patients, a 
significant increase in LSM was found except between 
F0 and F1 and between F5 and F6 (Figure 2A). 
Comparing LSM of each fibrosis stage within different 
etiological groups revealed higher LSM with higher 
fibrosis stages (Figure 2B-D). Comparing FAF in 
different Ishak fibrosis stages revealed a significant 
difference between individual stages except between 
F4 and F5 (P = 0.376) (Figure 3).

Performance of transient elastography in predicting 
individual fibrosis stages
LSM was a good discriminator of any fibrosis (≥ F1) 
from absent fibrosis (F0) (P = 0.039); of fibrosis ≥ F2 
from < F2 (P < 0.0001); of fibrosis ≥ F3 from < F3 (P 
< 0.0001); of fibrosis ≥ F4 from < F4 (P < 0.0001), of 
fibrosis ≥ F5 from < F5 (P < 0.0001) and cirrhosis (F6) 
from < F6 (P < 0.0001) (Table 2). The performance 
of LSM in the etiological subgroups was calculated 
as the AUROC and its P-value, but the number of 
patients in each fibrosis category was too small to 
calculate sensitivity and specificity (Table 3). When we 
compared LSM values for the same stage of fibrosis, 
they varied according to the different etiologies with 
higher values in AIH (16.15 ± 7.23 kPa) compared to 
Wilson disease (8.30 ± 0.84 kPa) and HCV groups (7.43 
± 1.73 kPa) (Table 4).

Correlation of LSM with the studied variables
LSM correlated significantly with age, serum bilirubin, 
hepatocellular enzymes, prothrombin time, activity 
grade and fibrosis stage in liver biopsy; P = 0.011 for 
age, P = 0.013 for alkaline phosphatase, P = 0.002 for 
prothrombin time and P < 0.0001 for the remaining 
studied parameters (Table 5). Subsequently, stepwise 
multiple regression analysis was performed. As a 
result, Ishak fibrosis stage was the only independent 
variable associated with higher LSM (β = 0.855; R2 = 
0.731). Other variables were excluded from the model.

Behairy BE et al . Transient elastography in pediatric liver disease
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FAF according to Ishak scores and correlation of both 
with disease severity
FAF varied significantly with increasing stage of Ishak 
score. There was overlap in the values of FAF in F5 and 
F6 with no significant statistical difference (P = 0.376) 
(Figure 3). PELD/MELD scores correlated significantly 
with both FAF and Ishak score, nonetheless, the 
correlation with Ishak score appeared better than with 
FAF (P = 0.001 and 0.022 respectively) (Figure 4).

DISCUSSION
The current study showed a significant correlation 
between LSM and both the Ishak fibrosis stage and 
FAF with better correlation with Ishak fibrosis stage. 
The close correlation of TE readings with the extent 
of fibrosis suggests that TE is an ideal tool to follow 
liver fibrosis over years. In previous studies, among 
patients with viral hepatitis, the diagnostic performance 
of LSM was best for histologic cirrhosis and was less 
satisfactory for earlier stages of liver fibrosis[19,37-40].

Our results demonstrated that LSM could sig-
nificantly discriminate individual stages of fibrosis 
even the earlier stages (≥ F1) from absent fibrosis 
(F0). Different LSM cut-off values have been proposed 
by different investigators for various stages of liver 
fibrosis. The optimal LSM cut-off for cohorts with 
predominantly chronic hepatitis C patients was 

between 10.4 and 17.6 kPa, and the AUROC for liver 
cirrhosis was 0.93-0.96[19,37-39].

de Lédinghen et al[22] reported a significant 
correlation of LSM with Metavir score in children with 
chronic liver disease but the performance was studied 
only for discriminating cirrhosis bacause F2 and F3 
values were comparable. The better results in our 
study may be due to the wider range of Ishak score (7 
stages) compared to Metavir score (5 stages).

The performance of LSM in discriminating individual 
stages of fibrosis was highly significant (P < 0.0001) 
for stages ≥ F2 with AUROC more than 0.94, and for 
≥ F1 (i.e., discriminating F0) the AUROC was 0.807 
and P = 0.039. The significance for discriminating F0 
was abolished when comparing LSM according to the 
etiology (P = 0.192). F0 was found only in patients 
with chronic HCV in our study, but in none of the other 
studied groups. This may be due to the milder course 
of the HCV disease which induces mild changes in 
the liver with a low level of fibrosis and a low rate of 
progression[41].

The higher LSM values for different Ishak stages 
in AIH patients compared to the other studied 
groups in our study was in agreement with that of 
Fitzpatrick et al[26] and others[42]. In our study, AIH 
patients had higher stages of fibrosis and higher 
grades of inflammatory activity. Increased histologic 
necroinflammation, which is a logical cause of 

Parameter HCV AIH Wilson disease P  value

(n  = 50) (n  = 20) (n  = 20)
Age (yr)   8.50 ± 3.51     8.98 ± 2.98 12.05 ± 4.25  0.003
Sex [male, n (%)] 39 (78)   7 (35) 13 (65)  0.003
Jaundice, n (%) 0 (0) 18 (90)   5 (25) < 0.0001
Abdominal enlargement, n (%) 0 (0)   5 (25) 15 (75) < 0.0001
Liver US, n (%) < 0.0001
      Normal   50 (100) 0 (0) 1 (5)
      Enlarged 0 (0)   20 (100) 13 (65)
      Shrunken 0 (0) 0 (0)   6 (30)
Splenomegaly US, n (%) 0 (0) 16 (80)   20 (100) < 0.0001
Total bilirubin (mg/dL)   0.97 ± 0.24     7.70 ± 3.72   3.37 ± 2.85 < 0.0001
Direct bilirubin (mg/dL)   0.24 ± 0.17     5.58 ± 3.24     1.8 ± 1.30 < 0.0001
Albumin (g/dL)   4.40 ± 0.61     3.71 ± 1.71   3.55 ± 0.71 < 0.0001
Aspartate transaminase (U/L)   27.21 ± 14.75 225.10 ± 21.7   76.59 ± 68.43 < 0.0001
Alanine transaminase (U/L)   29.52 ± 14.93 218.65 ± 14.2   87.05 ± 56.26 < 0.0001
Gamma-glutamyl transpeptidase (U/L)   28.66 ± 13.80     52.50 ± 19.22   51.25 ± 37.89 < 0.0001
Alkaline phosphatase (U/L) 127.82 ± 74.13   122.25 ± 45.03   222.30 ± 134.23 < 0.0001
Prothrombin time (s) 13.2 ± 1.1   14.87 ± 3.13 16.18 ± 5.31  0.003
Activity grade, n (%) < 0.0001
      Minimal (A1-A3) 40 (80)   6 (30) 0 (0)
      Mild (A4-A8)   8 (16)   8 (40) 18 (90)
      Moderate (A9-A12) 2 (4)   6 (30)   2 (10)
Fibrosis category, n (%) < 0.0001
      Absent (F0) 4 (8) 0 (0) 0 (0)
      Mild (F1) 32 (64) 1 (5) 0 (0)
      Moderate (F2-F3) 14 (28)   7 (35)   6 (30)
      Severe (F4-F6) 0 (0) 12 (60) 14 (70)
Fibrosis area fraction (%)   2.72 ± 1.66   17.41 ± 9.24 12.68 ± 4.59 < 0.0001
Liver stiffness (kPa)  5.75 ±1.81     22.13 ± 14.23   20.05 ± 10.57 < 0.0001

AIH: Autoimmune hepatitis; HCV: Hepatitis C virus; US: Ultrasonography.
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Figure 1  Correlation of LSM with fibrosis category by Ishak scores (left panel) and fibrosis area fraction (right panel). A and B: All patients; C and D: HCV 
patients; E and F: AIH patients; G and H: Wilson disease patients.
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increased hepatic fibrosis, may explain the higher 
results of LSM in AIH patients compared with HCV 
and Wilson disease groups. One possible explanation 

for the higher LSM was a stiffer liver during active 
inflammation[1]. 

When we compared LSM for the same stage of 
fibrosis, it varied according to the etiology. This carries 
the possibility that, patients only having mild fibrosis 
would be misdiagnosed as moderate to severe fibrosis 
and even cirrhosis if they had increase histological 
activity. That is why it is better to estimate disease-
specific cut-off values for predicting different stages 
of fibrosis due to the variable nature of liver diseases.  
For that, we checked the performance of LSM in the 
etiological subgroups which showed wide variability 
among the calculated AUROC and their P-values, but 
the number of patients in each fibrosis category was 
too small to calculate sensitivity and specificity. Similar 
to our results, other reports found that LSM was 
associated with the Ishak score in AIH[3,43], in HCV[44,45] 
and in Wilson disease patients[46].

The better correlation of the LSM in our study 
with Ishak scores compared to FAF suggests that 
LSM reflect the pattern (or quality) of fibrosis better 
than the quantity of hepatic collagen deposition. Liver 
diseases involve several types of cell injury, each of 
which leads to wound healing by fibrosis of distinct 

Figure 2  Distribution of liver stiffness measurement according to categorical fibrosis scores. A: All patients; B: HCV group; C: AIH group; D: Wilson disease 
group. Box-and-whiskers plot for liver stiffness measurement. The top and bottom of each box are the 75th and 25th percentiles. The line through the box is the median 
and the error bars are the maximum and minimum. The horizontal bar represents the significance between the designated groups.

Figure 3  Distribution of fibrosis area fraction according to the categorical 
fibrosis scores. Box-and-whiskers plot for liver stiffness measurement. The 
top and bottom of each box are the  75th and 25th percentiles. The line through 
the box is the median and the error bars are the maximum and minimum. The 
horizontal bar represents the significance between the designated groups.
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Table 5  Correlation of liver stiffness with age, laboratory, 
and histopathological parameters of the studied patients

Table 4  Liver stiffness measurement in every fibrosis stage by the disease group

Table 3  Area under receiver operating characteristic curve for liver stiffness in predicting individual Ishak fibrosis stages in the 
different etiological groups

Table 2  Clinical performance of liver stiffness in predicting individual Ishak fibrosis stages in all the patients
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types and location. In chronic hepatitis (seen most 
often in chronic viral hepatitis, as well as in AIH, 
drug reactions, and some metabolic disorders as 

Wilson disease), fibrosis mainly develop from portal 
myofibroblasts and give rise to a dense, stellate, and 
regularly-distributed portal and periportal fibrosis that 
may form septa. On the other hand, fibrosis is mainly 
located in the perisinusoidal space of the centrilobular 
area, and in the wall of the centrilobular vein in 
alcoholic and nonalcoholic steatohepatitis[17,47,48].

Sandrini et al[49] investigated what type of fibrosis 
influences LSM. They found that the area of portal-
bridging fibrosis better correlated with the liver 
stiffness than did the area of whole fibrosis or the area 
of perisinusoidal fibrosis. In the early fibrosis stages, 
there was a significant increase of perisinusoidal 
fibrosis from F0 to F2 Metavir, more than that of portal-
bridging fibrosis. In subsequent stages F3 and F4, 
the area of perisinusoidal fibrosis stabilized[49]. Ishak 
scoring system is based on the pattern and extension 
of portal fibrosis, while FAF evaluates the whole 
amount of collagen whether portal or perisinusoidal. 

Ishak fibrosis stage Cut-off (kPa) AUROC P value Sensitivity Specificity PPV NPV

≥ F1 4.75 0.807  0.039      81.4 75.0 98.6      15.7
≥ F2 6.65 0.947 < 0.0001      88.7 86.5 90.4      84.2
≥ F3 8.25 0.960 < 0.0001      89.5 90.4 87.2      92.2
≥ F4 13.0 0.993 < 0.0001 100 96.9 92.9 100
≥ F5 18.0 0.985 < 0.0001 100 97.2 90.0 100
F6 29.5 0.941 < 0.0001      85.7 91.6 46.2      98.7

Ishak fibrosis stage HCV AIH Wilson disease

AUROC P value AUROC P value AUROC P value
≥ F1 0.698  0.192 NA -- NA --
≥ F2 0.870 < 0.0001 1.000 < 0.0001 NA --
≥ F3 0.799  0.049 1.000 < 0.0001 1.000 < 0.0001
≥ F4 NA -- 0.958  0.001 1.000 < 0.0001
≥ F5 NA -- 0.927  0.002 1.000 < 0.0001
F6 NA -- 0.828  0.047 0.837   0.044

Ishak fibrosis stage All patients HCV AIH Wilson disease

(n  = 90) (n  = 50) (n  = 20) (n  = 20)

kPa kPa kPa kPa
F0   5.10 ± 2.61 5.10 ± 2.61 -- --
F1   5.10 ± 1.45 5.13 ± 1.45 3.70 --
F2 7.32 ± 1.4 7.33 ± 1.32   7.50 ± 0.71 6.00
F3   9.88 ± 4.33 7.43 ± 1.73 16.15 ± 7.23   8.30 ± 0.84
F4 18.58 ± 8.57 --   21.43 ± 12.19 15.75 ± 0.96
F5   31.25 ± 10.38 --   36.08 ± 16.19 28.49 ± 4.93
F6 31.71 ± 6.13 -- 32.75 ± 3.63 30.33 ± 9.87

Parameter Correlation

r P  value
Age (yr)  0.267  0.011
Total bilirubin (mg/dL)  0.433 < 0.0001
Direct bilirubin (mg/dL)  0.506 < 0.0001
Albumin (g/dL) -0.419 < 0.0001
Alanine transaminase (U/L)  0.622 < 0.0001
Aspartate transaminase (U/L)  0.559 < 0.0001
Alkaline phosphatase (U/L)  0.261  0.013
gamma-glutamyl transpeptidase (U/L)  0.559 < 0.0001
Prothrombin time (s)  0.322  0.002
Ishak activity grade  0.760 < 0.0001
Ishak fibrosis stage  0.879 < 0.0001

AUROC: Area under receiver operating characteristic curve; PPV: Positive predictive value; NPV: Negative predictive value.

AIH: Autoimmune hepatitis; AUROC: Area under receiver operating characteristic; HCV: Hepatitis C virus.

AIH: Autoimmune hepatitis; HCV: Hepatitis C virus.
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Taken together, this may explain the better correlation 
of LSM with Ishak scores in our study.

In contrast to semiquantitative fibrosis scores that 
rely on the pattern of architectural distortion caused 
by fibrosis, morphometry determines the proportion 
of collagenous tissue in a specimen, regardless of the 
pattern, and provides precise measurements on a 
continuous scale. Within any given semiquantitative 
stage, a wide range of collagen may be present, and 
considerable overlap exists within Metavir and Ishak 
stages[45]. In our study, FAF was largely overlapping 
between F4 and F5 with no significant difference (P = 
0.376).

Biopsy sampling error will always be present to some 
extent, so it must be emphasized that morphometry is 
not appropriate for evaluation of changes in individual 
patients but should be reserved for statistical analysis 
and comparison of changes in large cohorts[45].

The question whether the severity and deterioration 
of liver disease is related to the pattern (quality) or 
to the quantity of fibrosis remains to be answered. 
The PELD/MELD scores were developed to create an 
integrated system of deceased donor liver allocation 
based on the severity of the chronic liver disease[50]. 
In our study, PELD/MELD scores were significantly 
correlated with both Ishak score and FAF but the 
correlation appeared better with Ishak scores (P 
= 0.001 vs 0.022). This may suggest that the 
information about the pattern (or quality) of fibrosis by 
semiquantitative Ishak score is more important than 
the overall amount of fibrosis by FAF in predicting the 
outcome of liver disease.

In the current study, LSM at cut-off values of 4.75, 
6.65, 8.25, 13.0, 18.0, and 29.5 kPa was able to 
discriminate ≥ F1, ≥ F2, ≥ F3, ≥ F4, ≥ F5, and F6 
respectively. Fitzpatrick et al[26] using Metavir score in 
pediatric patients with chronic liver diseases reported 
an LSM cut-off values of 6.1, 6.9, 7.5 and 14.1 kPa 
in discriminating ≥ F1, ≥ F2, ≥ F3, and F4. Other 
studies reported only the discrimination of cirrhosis. de 
Lédinghen et al[22] studied LSM performance in children 

with chronic liver disease. Using Metavir score, they 
reported that LSM was able to discriminate cirrhosis 
with AUROC of 0.88.

Wong et al[1] reported that a cut-off value of 8.4 
kPa was associated with cirrhosis in adults with chronic 
liver disease at a very high sensitivity (93%) and a 
specificity of 79%. On the other hand, a cut-off value 
of 13.4 kPa was associated with high specificity (95%) 
but with low sensitivity (41%). In addition, Wang et 
al[51] reported that values below 6 kPa are considered 
as normal and exclude ongoing liver disease, while 
cut-off values of 8 and 12.5 kPa represent generally 
accepted values for discriminating F3 and F4 fibrosis in 
adults with chronic liver disease.

Staging of fibrosis with biopsy will always carry 
a risk, albeit low, of misclassification thus making 
the term ‘‘best” standard more appropriate than 
‘‘gold” standard for liver biopsy[52]. As liver biopsy 
with its limitations[53] is used as a reference, a perfect 
surrogate will never reach maximal value[52].

Because LSM represents a volume of liver tissue at 
least 100 times bigger than a biopsy sample, a possibility 
that the performance of LSM has been underestimated 
can not be excluded. Yet it represents an efficient, 
noninvasive rapid painless and reproducible tool for 
fibrosis evaluation[54].

The limitation of the present study was the relatively 
small numbers in each of the etiological groups. In 
addition, the paucity of children with no fibrosis (F0) 
made it difficult to differentiate between no and minimal 
fibrosis. Future studies on larger population number 
are advisable.

In conclusion, TE appears reliable in distinguishing 
different stages of liver fibrosis in children with 
different chronic liver diseases. Routine use of this 
technique may significantly decrease the number of 
biopsies performed and provide a reliable method of 
noninvasive monitoring of liver disease progression 
or regression in children. Patients with increased 
necroinflammatory activity tend to have higher LSM 
values. For that, a disease-specific estimation of cut-

Figure 4  Correlation of PELD/MELD scores of all studied patients with categorical Ishak fibrosis scores (A) and fibrosis area fraction (B). PELD: Pediatric 
end-stage liver disease; MELD: Model for end-stage liver disease.
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off values for fibrosis staging is worthy.
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Background
The need for repetition of liver biopsy in patients with chronic liver disease, 
especially in assessing the degree of fibrosis and follow-up of treatment 
protocols, justifies an intensive search for non-invasive alternatives. Of 
these alternatives, liver stiffness measurement, as assessed by transient 
elastography, has been proposed. The accuracy of transient elastography has 
been shown to be excellent in a large number of adult studies. A few studies 
have also been performed in children.

Research frontiers
The natural course of hepatitis C viral infection in children differs from that 
in adults since the infection is relatively benign and induces mild changes in 
the liver with a low level of fibrosis. Progression of liver fibrosis in other liver 
diseases such as autoimmune hepatitis and Wilson disease is somehow faster. 
In patients with no or minimal fibrosis at presentation, treatment could possibly 
be delayed or withheld. On the other hand, patients with significant fibrosis 
progress almost invariably to cirrhosis more rapidly and treatment should be 
strongly considered. The decision to stop treatment in some cases, such as 
autoimmune hepatitis, may necessitate a second liver biopsy.

Innovations and breakthroughs
Most of liver stiffness studies have been conducted only in chronic hepatitis 
C virus infected patients. The current study includes different etiologies of 
pediatric chronic liver diseases. When the authors compared liver stiffness 
values for the same stage of fibrosis, they varied according to the different 
etiologies. Patients with increased necroinflammatory activity tend to have 
higher liver stiffness values. For that, a disease-specific estimation of cut-off 
values is worthy.

Terminology
Hepatic fibrosis is the final common path of liver injury in most chronic liver 
diseases and can lead to cirrhosis, which is responsible for the majority 
of clinical complications. Fibrosis is characterized by excess deposition 
of extracellular matrix components including different collagens and non-
collagenous proteins. The more deposition of extracellular matrix in the liver 
the stiffer it gets. Liver stiffness is directly correlated with the amount of liver 
fibrosis. Digital image analysis (morphometry) allows quantitative assessment 
of fibrosis area fraction in liver tissue sections regardless of the pattern (or 
quality) of fibrosis. It detects smaller changes between biopsies particularly in 
patients with early stage fibrosis.

Peer-review
The authors demonstrated that Ishak fibrosis stage was the only independent 
variable associated with liver stiffness measurement assessed by TE. They 
concluded that TE may be useful for distinguishing different stages of liver 
fibrosis in pediatric patients with chronic liver diseases. Overall impression: 
The authors well demonstrated usefulness of TE for assessing liver fibrosis in 
pediatric patients with different chronic liver diseases.
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