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Abstract
The study evaluated liver stiffness measurement (LSM) using non-invasive trans-

ient elastography (TE) in comparison with liver biopsy for assessment of hepatic
fibrosis in children with chronic hepatitis C (CHC). Thirty children (mean age
10.13±3.4 years) with CHC were subjected to histopathological assessment of liver
biopsy specimens using METAVIER score and LSM using TE (FibroScan) as well
as appropriate laboratory investigations. The results showed a highly significant
stepwise increase of the mean liver stiffness values with increasing histological
severity of hepatic fibrosis with the highest level detected in patients with stage F4
“cirrhosis” and significant differences for F3 and F4 vs. other fibrosis stages. There
were significant positive correlations between LSM and several parameters of ac-
tivity and progression of the chronic liver disease including METAVIER fibrosis
stages (r=0.774, p=0.0001), necroinflammatory activity grades, AST, ALT, total
serum bilirubin, prothrombin time and Child-Pugh grades as well as biochemical
serum fibrosis markers (Fibrotest, Actitest, AST-to-platelet ratio index, Forns in-
dex and hyaluronic acid). The variables significantly negatively associated with the
LSM were platelets count and serum albumin. The highest predictive performance
of LSM was detected for stage F4 “cirrhosis”, followed by F3 “advanced fibrosis”
where accuracy of (96.7%, 85.3%) and AUROC of (1.00, 0.815) were obtained for
these fibrosis stages at cutoff values of 9.5 and 12.5 kPa, respectively. The nega-
tive predictive values to exclude advanced fibrosis and cirrhosis at these cutoffs
were high, whereas positive predictive values were modest.
Key words: Liver stiffness; Transient elastography; Liver biopsy; Chronic hepati-
tis C; FibroScan; Children.

Introduction
Hepatitis C virus (HCV) infection is

a main cause of chronic liver diseases
(CLDs) (Seeff et al. 2002) and the
prognosis of patients with CLDs is de

termined primarily by the extent and
progression of hepatic fibrosis. Hepatic
fibrosis is a wound-healing response to
chronic liver injury, which may lead to
cirrhosis and hepatocellular carcinoma
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(Benvegnu et al, 2004). Follow-up of
appearance and progression of liver
fibrosis is indicated to initiate antiviral
treatment and anticipate the possible
necessity for liver transplantation. Per-
cutaneous liver biopsy followed by
conventional histological analysis re-
mains the standard method for as-
sessing fibrosis. But, liver biopsy is an
invasive and painful procedure that can
have life-threatening complications in
both adults and children, which may
limit its acceptance by patients and
make repetition difficult for difficult-
to-treat patients (Lachaux et al. 1995,
Scheimann et al. 2000). Also, the ac-
curacy of liver biopsy in assessing fi-
brosis can be questioned because of
sampling error and intra- and interob-
server variability that may lead to over-
or understaging of fibrosis (Bedossa et
al. 2003, Colloredo et al. 2003, Regev
et al. 2002). Therefore, there is a need
for alternative noninvasive methods for
evaluating the stage of hepatic fibrosis
and its severity in liver disease (Fon-
tana et al. 2002). Proposed approaches,
including routine biochemical and he-
matological tests, and surrogate serum
fibrosis markers as Fibrotest and aspar-
tate transaminase to platelets ratio in-
dex (APRI), are not accurate enough,
not routinely available, or not validated
for children (Imbert-Bismut et al.
2001, Forns et al. 2002, Wai et al.
2003).

Among other noninvasive methodol-
ogies, transient elastography (Fibro-
Scan®; Echosens, Paris, France) has
been validated first in adult patients
with HCV infection. Transient elasto-
graphy (TE) is a novel, rapid, non-

invasive, and reproducible method for
measuring liver stiffness that deter-
mines the organ elasticity by measur-
ing the velocity of a low-frequency
shear wave going through the liver.
The harder the tissue, the faster the
shear wave propagates (Sandrin et al.
2003). Several studies have demon-
strated that liver stiffness measurement
(LSM) is closely related to fibrosis
stage as assessed by liver biopsy in
adult patients with chronic hepatitis C
(Saito et al. 2004, Ziol et al. 2005,
Castera et al. 2005, Talwalkar et al.
2007). Encouraging results concerning
feasibility and accuracy of TE in liver
fibrosis prediction in a cohort of mis-
cellaneous pediatric CLDs were pro-
vided by De Le´dinghen et al (2007)
who concluded that there is a need for
other studies to evaluate FibroScan
performance in children according to
each cause of CLDs. But, few studies
have examined the evaluation of liver
fibrosis using non-invasive TE (Fibro
Scan) in children with CLDs including
chronic HCV ones (Breton et al. 2009).
Thus, the aim of this prospective study
was to evaluate the diagnostic perfor-
mance of LSM using non-invasive TE
(FibroScan) in comparison with liver
biopsy for assessment of hepatic fibro-
sis in children with chronic HCV infec-
tion and correlation of LSM with clini-
copathological parameters and some
serum fibrosis markers of CLDs.

Patients, Materials and Methods

This prospective study included thir-
ty (30) children suffering from chronic
hepatitis C (CHC) who were selected
from those admitted to the Hepatology
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Unit, Pediatric Department, Tanta Uni-
versity Hospitals from April 2012 to
June 2013. Appropriate laboratory ex-
aminations, liver biopsy (LB) and LSM
using non-invasive TE (FibroScan)
were performed for all children after
obtaining written informed consent
from their parents. Chronic hepatitis C
was defined by the presence of anti-
HCV antibodies and detectable serum
HCV-RNA by PCR (>50 IU/ml) for
over 6 months. Subjects with one or
more of the following conditions were
excluded: co-infection with fascio-
liasis, schistosomiasis or human im-
munodeficiency virus and/or hepatitis
B or delta virus; other causes of CLDs;
or liver surgery or transplantation. Pa-
tients with ascites or obesity, failure to
obtain LSM, uninterpertable liver biop-
sy or children less than 2 years old,
were excluded. The study was ap-
proved by the Postgraduate Clinical
Research and Ethics Committee of
Tanta Faculty of Medicine.

Percutaneous liver biopsy (LB) was
performed in all subjects by an experi-
enced hepatologist, after an overnight
fast, using a disposable automatic core
biopsy 18-Gauge needle (Auto-Vac
biopsy needle, Germany) under con-
scious sedation and ultrasound guid-
ance. The length of each liver fragment
and the number of portal tracts were
recorded and only patients with LB
length ≥15 mm and/or at least 10 portal
tracts were included. Liver specimens
were fixed in formalin and embedded
in paraffin. Sections measuring 4 mm
were stained with Hematoxylin-Eosin
(H&E) and with Masson trichrome,
and reticulin stains for evaluation of

fibrous tissue. All liver specimens were
analyzed by an experienced pathologist
blinded to results of Fibro Scan and
biochemical fibrosis markers. Histolog-
ical features were analyzed using
METAVIR group scoring system that
consists of 5 stages according to the
architectural features of the portal fi-
brosis: F0=no fibrosis, F1=portal fibro-
sis without septa, F2=portal fibrosis
and few septa, F3=numerous septa
without cirrhosis, and F4=cirrhosis.
When there was a disparity between 2
adjacent stages, scores were allocated
for the more advanced stage in all chil-
dren. Significant fibrosis was defined
by presence of F2, F3, or F4 META-
VIR stage and the presence of F3 or F4
stages characterized advanced fibrosis.
The activity grade including the inten-
sity of necroinflammation was scored
as: A0, no histological activity; A1,
mild; A2, moderate; and A3, severe
(METAVIR Cooperative Study Group
1994, Bedossa et al. 1996).

Transient elastography examinations
were performed by a single experi-
enced operator prior to LB, on the
same week of the procedure. Meas-
urements were performed by using the
standard technique, as previously de-
scribed elsewhere (Sandrin et al, 2003,
Castèra et al, 2005, De Le´dinghen et
al, 2007). Only patients with at least 10
valid measurements, with an interquar-
tile range of less than 30% of the medi-
an stiffness expressed in kilopascal
(kPa), and with at least 60% success
rate were included in the final analysis.
According to previous studies on HCV
infection (Ziol et al, 2005, Castèra et
al. 2005), the following cut-off values
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were used: 4.9 kPa for mild fibrosis
(F≥1), 7.1 kPa for significant fibrosis
(F≥2), 9.5 kPa for advanced fibrosis
(F≥3) and 12.5 kPa for cirrhosis (F=4).

Laboratory tests: stool analysis, CBC,
liver and renal function tests, biochem-
ical serum fibrosis markers (Fibrotest,
Actitest, APRI, Forns index and Hyalu-
ronic acid), also virological markers
were assessed prior to LB, on the same
week that LB and TE were performed.
Anti-HCV antibodies were determined
by a commercial ELISA Kits and
HCV-RNA was determined by PCR.

Biochemical serum fibrosis markers:
Fibrotest and Actitest were chosen be-
cause they are the most validated bio-
chemical scores of fibrosis (Imbert-
Bismut et al. 2001). Forns and APRI
indices are simple and free tests based
on the standard blood parameters in-
cluded in standard biological liver
function assessment (Forns et al. 2002,
Wai et al. 2003). Hyaluronic acid (HA)
measurement may be helpful in differ-
entiating non-cirrhotic from cirrhotic
liver, monitoring liver function and
evaluating the extent of liver fibrosis.
Hyaluronic acid was measured by
commercial ELISA Kits (Khan et al,
2007).

Statistical analysis: Continuous varia-
bles were compared using Student's t-
test, the Mann-Whitney test, or the
Kruskal–Wallis test when appropriate.
Categorical variables were compared
using the Chi-square test or Fisher's
exact test. Statistical analysis was per-
formed by SPSS software version 17.0
(SPSS Inc., Chicago, IL, USA). Diag-
nostic performance of TE in children
with CHC was assessed by comparison

with liver histology and by measuring
area under receiver-operating charac-
teristics curve (AUROC). ROC curve
comparisons were performed using the
medcalc software package version 9.3
(MedCalc Software, Mariakerke, Bel-
gium), which employs calculation of
AUROC and 95% confidence intervals.
Commonest used index of accuracy is
AUROC, with values close to 1.0 indi-
cating a high diagnostic accuracy. Di-
agnostic accuracy was evaluated by
comparing sensitivity, specificity, posi-
tive and negative predictive values
(PPV and NPV respectively) of TE
measurement to predict the absence or
presence of mild fibrosis, significant
fibrosis, advanced fibrosis and cirrho-
sis by using the appropriate cut-offs
points, as described above. The proba-
bility of a true positive (sensitivity) and
true negative (specificity) assessment
was determined for selected cutoff val-
ues. A patient was assessed to be posi-
tive or negative according to whether
liver stiffness value was greater than,
less than, or equal to a given cutoff
value. Correlation between variables
was evaluated using the Spearman cor-
relation coefficient. P values of less
than 0.05 were considered significant.

Results

Liver stiffness values in relation to
severity of liver fibrosis (Tab. 1), there
was a highly significant stepwise in-
crease of the mean liver stiffness (LS)
values (p<0.001) with increasing histo-
logical severity of hepatic fibrosis with
the highest value detected in stage F4
(cirrhosis) as follow: 3.33±1.00 kPa for
F0, 5.46±1.09 kPa for F1, 8.13±0.92
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kPa for F2, 11.50±2.16 kPa for F3 and
40.28±18.06 kPa for F4. Significant
differences in LSMs were found when
patients with stage F3 and those with
F4 were compared to patients with oth-
er fibrosis stages (p<0.001). For pair-
wise comparisons of other fibrosis
stages (F0, F1, F2), LSMs did not dif-
fer (P> 0.05). To represent the LSMs
according to the histologic fibrosis
grading, box plots were prepared (Fig.
1A). A steady stepwise increase of the
LS values was observed with increas-
ing severity of hepatic fibrosis. These

findings indicate that the more ad-
vanced the histological fibrosis stages
and liver disease, the stiffer the liver
tissue.

Liver stiffness values in relation to
severity of necroinflammatory activity:
Mean LS values significantly increased
(p<0.001) in accordance with increased
severity of activity grading of chronic
HCV infected children as follow:
6.61±6.82 kPa for A1, 11.14±8.15 kPa
for A2, 30.64±26.25 kPa for A3
(Tab.1, Fig.1B).

Table 1: Relationship between LSM and histological parameters
Histological
parameters

Liver stiffness values (kPa) Kruskal-Wallis test
Median Range Mean±SD 2 P-value

Fibrosis stages
F0 (n=5) 3.70 2.2-4.1 3.33±1.00 26.198 0.0001*
F1 (n=10) 6.10 4.0-6.7 5.46±1.09
F2 (n=7) 8.10 6.9-9.3 8.13±0.92
F3 (n=3) 10.30 10.2-14 11.50±2.16
F4 (n=5) 32.90 19.9-59.4 40.28±18.06
Mann-Whitney
U test
P value

P <0.001* for F4 vs. other stages
P <0.001* for F3 vs. F0,F1,F2 stages

Activity grades
A1 (n=14) 4.60 2.2-29.9 6.61±6.82 17.61 0.0001*
A2 (n=11) 8.10 6.1-32.9 11.14±8.15
A3 (n=5) 14.00 10.2-59.4 30.64±26.25
Mann-Whitney
U test
P value

A1 vs. A2, P=0.013*
A1 vs. A3, P=0.0001*
A2 vs. A3, P=0.003*

*Significant (P<0.05)

There were significant positive corre-
lations (Tab. 2) between LSM and both
of fibrosis stages (Fig. 2A) and necro-
inflammatory activity grades (Fig. 2B)
in children with CHC. The other varia-
bles significantly positively associated
with the FibroScan values were AST,
ALT, total serum bilirubin, prothrom-

bin time and Child Pugh grades as well
as noninvasive biochemical serum fi-
brosis markers including Fibrotest, Ac-
titest, APRI, Forns index and hyaluron-
ic acid (all P <0.05). The variables sig-
nificantly negatively associated with
FibroScan values were platelets count
and serum albumin level (P <0.05).
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These findings indicate that LSM by
FibroScan reflects activity and progres-
sion of the chronic liver disease. There
was progressive elevation of  diagnos-
tic accuracy of LSM (Tab. 3) with in-
creasing stage of liver fibrosis as fol-
low: for F≥1 (mild fibrosis) sensitivity
of 71.4 %, specificity of 65.2% and
accuracy of 60.7% were detected at
cutoff value of 4.9 kPa; for F≥2  (sig-
nificant fibrosis)  sensitivity of 100%,
specificity of 81.5% and accuracy of
73.3% were detected at cutoff value of
7.4kPa; for F≥3 (advanced fibrosis)
sensitivity of 100%, specificity of

81.5% and accuracy of 85.3% were
detected at cutoff value of 9.5 kPa; for
F=4 (cirrhosis) 100% sensitivity,
96.0% specificity and 96.7% accuracy
of were detected at cutoff value of 12.5
kPa.. These results indicate that TE is
an accurate tool for the prediction of
advanced liver fibrosis and cirrhosis.
The NPVs to exclude F3 or greater dis-
ease and cirrhosis were high (100%),
whereas PPVs were modest (60.0%,
83.3%), at cutoff values of 9.5 &
12.5kPa, respectively. So, LSM main
value was to exclude advanced fibrosis
and cirrhosis as a screening test.

Table 2: Correlation between LSM and histopathological parameters as well as
clinicolaboratory variables and serum fibrosis markers

Variables liver stiffness measurement (LSM) (n=30)
r P

Histopathological parameters
Fibrosis stages 0.774 0.0001*
Activity grades 0.539 0.002*
Clinicolaboratory variables
Age (ys) 0.337 0.068
Height (m) 0.315 0.288
Weight(kg) 0.115 0.388
Red blood cells (106/ul) 0.214 0.255
Hemoglobin (gm/dl) 0.175 0.354
Platelets (x103/ul) -0.640 0.001*
White blood cells (x103/ul) -0.260 0.165
Serum ALT ( IU/L) 0.530 0.035*
Serum AST ( IU/L) 0.521 0.035*
Total serum bilirubin (mg/dl) 0.547 0.025*
Direct serum bilirubin ( mg/dl) 0.123 0.519
Total serum proteins (gm/dl) -0.367 0.05
Serum albumin(gm/dl) -0.619 0.001*
Prothombin time (PT)  (sec.) 0.611 0.001*
INR 0.242 0.198
Serum Creatinine (mg/dl) -0.191 0.312
Child-Pugh grades 0.655 0.001*
Biochemical fibrosis markers
Fibrotest 0.773 0.001*
Actitest 0.542 0.005*
APRI index 0.564 0.03*
Forns index 0.762 0.001*
Hyaluronic acid (ug/l) 0.941 0.0001*

*Significant (P<0.05); APRI, AST-to-platelet ratio index; ALT and AST, Alanine and Aspartate   aminotransfer-
ases; r=Correlation coefficient; INR, international normalization ratio.
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Table 3: Predictive performance of LSM for liver fibrosis stages.
Predictive values of

liver stiffness
F ≥1

(F0 vs. F1–4)
F ≥ 2

(F0, 1 vs. F2–4)
F≥ 3

(F0–2 vs. F3-4)
F = 4

(F0–3 vs. F4)
Cutoff value (kPa) 4.9 7.4 9.5 12.5
Sensitivity (%) 71.4 100 100 100
Specificity (%) 65.2 81.5 81.5 96.0
PPVs (%) 38.5 37.5 60.0 83.3
NPVs (%) 88.2 100 100 100
Accuracy (%) 60.7 73.3 85.3 96.7

NPVs, negative predictive values; PPVs, positive predictive values

The area under curve (AUROC) for
liver stiffness (Fig. 3) was 0.031 when
discriminating between F0 vs. F1-4
(F≥1); 0.652 when discriminating be-
tween F0-1vs.F2-4 (F≥2); 0.815 when
discriminating between F0–2 vs. F3-4
(F≥3); and 1.0 when discriminating
between F0-3 vs.F4 (F=4). These re-
sults indicate that the predictive per-
formance of TE show progressive ele-
vation with increasing stage of fibrosis
with the highest performance in cirrho-
sis followed by severe fibrosis, then
significant fibrosis. Thus, TE is an ac-
curate tool for the prediction of ad-
vanced liver fibrosis and cirrhosis.

Discussion
The results of this study confirmed

that TE measurement is an accurate
tool for the non-invasive diagnosis of
liver fibrosis in children with CHC.

The current study showed that there
was a highly significant stepwise in-
crease of LS values with increasing
histological severity of hepatic fibrosis
with the highest level in patients with
F4 (cirrhosis) and a significant positive
correlation was observed between LSM
& METAVIR fibrosis stages (r=0.774,
p <0.001). These results are in  harmo-

ny with that reported by several prior
studies on patients with CLDs of vari-
ous causes including those with CHC,
both in children (De Lédinghen et al,
2007; Breton et al, 2009; Fitzpatrick et
al, 2013) and adults (Foucher et al,
2006; Coco et al, 2007; Ogawa et al,
2007, Lupsor et al, 2008). As in this
study, those authors found a good
agreement between FibroScan results
and fibrosis stages and TE values sig-
nificantly increased with higher fibro-
sis stages. These findings indicate that,
the more advanced histopathological
fibrosis stages and the liver disease, the
stiffer the liver tissue.

These observations that were report-
ed in different studies in patients with
CLDs are reliable, because the stiffness
of a tissue largely depends on the mo-
lecular building collagen blocks (septa)
and on the microscopic structural or-
ganization of these blocks (Fung,
1993). However, several authors have
reported that LSM values may be false-
ly high reaching the cirrhotic range
even in the absence of fibrosis on his-
tology in patients with acute flares of
viral hepatitis (Sagir et al. 2008), se-
vere hepatic necroinflammation (Arena
et al, 2008), extrahepatic cholestasis
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(Millonig et al, 2008), hepatic conges-
tion (Millonig et al, 2010), hepatic am-
yloidosis (Janssens et al, 2010) and
recent food intake within 60 min (Med-
eracke et al, 2009). However, patients
with such conditions were not included
in the present study. Thus, in clinical
practice, each LSM has to be interpret-
ed taking into account the concurrent
clinical presentation of the patient.

The current study showed that signif-
icant differences in LS values were
found when patients with stage F3 and
those with F4 were compared to pa-
tients with other fibrosis stages where-
as for pair-wise comparisons of other
fibrosis stages, LSMs did not differ.
Thus, there was an overlap in the val-
ues determined by TE between fibrosis
stages F0 and F1, and between fibrosis
stages F1 and F2. This result suggests
that TE has utility in distinguishing
between no fibrosis and advanced fi-
brosis or cirrhosis, but has limited val-
ue for detecting mild or moderate fi-
brosis and thus cannot be definitively
used to discriminate between early fi-
brosis stages. These findings are in
harmony with that reported by De
Lédinghen et al. (2007) and Breton et
al. (2009) in children with CLDs of
varying etiology, as well as Ziol et al.
(2005) in adult patients with CHC who
found that fibrosis scores by FibroScan
below 8.8 kPa, were considered as
small as possible without distinction
between F0 and F1or F2.

It is well known that the accumulation
of extracellular matrix is the major de-
terminant of liver stiffness. However, it
is conceivable that cellular edema and
necroinflammatory changes could also

influence TE measurement. This con-
cept is supported by prior studies that
observed increasing values of liver
stiffness in the presence of high grades
of necroinflammatory activity (Coco et
al.2007, Arena et al 2008, Sagir et al.
2008, Lupsor et al. 2008, Myers et al.
2010, Cardoso et al. 2012).  In agree-
ment of these studies, this study
showed a steady increase of TE values
in parallel with the degree of necroin-
flammatory activity in HCV infected
children and a significant positive cor-
relation was observed between the in-
creasing TE values and the degree of
necro-inflamatory activity of liver his-
tology (r=0.539, p=0.002). But, Fitz-
patrick et al. (2013) reported that only
severe inflammation on biopsy had a
statistically significant relation with TE
and lesser degrees of inflammation did
not appear to affect TE reading a pedi-
atric cohort with CLDs. In a study by
Fraquelli et al. (2011), severe/moderate
necro-inflammatory activity was inde-
pendently associated with fibrosis
overestimation in HCV subjects. Nev-
ertheless, the comparison of diagnostic
accuracies of TE in subjects with dif-
ferent grades of necroinflammatory
activity (expressed by different ALT
levels) as assessed by AUROC analy-
sis, showed no influence of ALT ac-
tivity on the overall performance of TE
in predicting significant fibrosis, ad-
vanced fibrosis and cirrhosis (Cardoso
et al, 2012). This discrepancy between
results might be because of different
populations, different etiologies and
number of patients of CLDs studied as
well as differences in the severity of
CLDs in the studied cohorts which had
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an influence on the results (Friedrich-
Rust et.al, 2008; Cardoso et al, 2012).
The use of cut-offs more adapted to the
interference of necroinflammatory ac-
tivity (expressed by higher ALT levels)
on TE measurement, instead of fixed
values, did not improve TE perfor-
mances for estimating liver fibrosis.
However, it needs to be validated in
further studies, in different populations
(Myers et al, 2010; Cardoso et al,
2012).

In the present study, variables signif-
icantly positively associated with the
FibroScan values were AST, ALT, to-
tal serum bilirubin, prothrombin time
and Child-Pugh grades as well as bio-
chemical fibrosis markers including
Fibrotest, Actitest, APRI, Forns index,
and hyaluronic acid. The variables sig-
nificantly negatively associated with
the FibroScan values were platelets
count and serum albumin level. These
results were in agreement with those
obtained by several previous studies on
patients with CLDs of various causes
including those with CHC, both in
children (De Lédinghen et al, 2007;
Fitzpatrick et al, 2013) and adults
(Foucher et al, 2006, Coco et al, 2007;
Ogawa et al, 2007, Zakareya et al,
2010). Those authors found that LSM
was significantly correlated to the
highest number of parameters, includ-
ing total serum bilirubin, prothrombin
time, INR, alkaline phosphatase, -
glutamyl transferase ( -GGT), AST,
ALT, APRI, the Child-Pugh grade
(significant positive), platelets count,
serum albumin (significant negative
correlations) with slight differences
between different studies. The minor

differences between different studies
could be due to different etiologies and
number of patients of CLDs as well as
differences in the severity of CLDs in
the studied cohorts which had an influ-
ence on the results. These results indi-
cate that LSM are related to the biolog-
ical parameters and the major varia-
tions of the biochemical activity of
CLDs suggesting that LSM by Fi-
broScan reflects activity and progres-
sion of the chronic liver disease. Thus,
in clinical practice, each LSM has to be
interpreted taking into account the con-
current biochemical profile of the pa-
tient (Coco et al, 2007). Furthermore,
Breton et al. (2009) reported that LSM
was related to the occurrence of com-
plications of cirrhosis where they
found a significant relationship be-
tween FibroScan results and the pres-
ence of esophageal varices that indi-
cates presence of portal hypertension
syndrome in children with CLDs of
varying etiology.

In this study, it was demonstrated
that the predictive performance of TE
showed progressive elevation with in-
creasing stage of fibrosis with the
highest performance in cirrhosis fol-
lowed by advanced fibrosis, then sig-
nificant fibrosis with AUROCs of 1.00,
0.815 and 0.652, respectively. These
results coincided with that previously
shown in several prior studies on pa-
tients with CLDs of various causes in-
cluding those with CHC, both in chil-
dren (De Lédinghen et al, 2007; Fitz-
patrick et al, 2013) and adults (Castèra
et al, 2005; Ziol et al, 2005; Coco et al,
2007; Ogawa et al, 2007; Sporea et al,
2008; Friedrich-Rust et al, 2008; Wit-
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ters et al, 2009). These authors found
that TE values exhibited an excellent
performance for the diagnosis of ad-
vanced fibrosis and cirrhosis. Contro-
versy in these studies was observed
only for the diagnostic performance in
predicting significant fibrosis which
varied from good to weak. It is possible
that this variation is due to the differ-
ence in the severity of CLDs and sam-
ple size with relatively small numbers
in each of the diagnostic groups (Frie-
drich-Rust et al, 2008). In this study as
well as in most of the previously men-
tioned studies, TE demonstrated high
performance in the detection of ad-
vanced fibrosis and cirrhosis; while TE
performance is less reliable for the de-
tection of early fibrosis stages (F1
&F2) as compared to more advanced
stages of liver fibrosis. Furthermore, it
has been shown that TE exhibits a sim-
ilar performance for predicting signifi-
cant fibrosis and higher accuracy to
identify cirrhosis, as compared to other
non-invasive tests in several previous
studies in which the performances of
TE and of several serum non-invasive
biomarkers of liver fibrosis for predict-
ing the presence of cirrhosis were
compared in patients with CLDs of
various causes including those with
CHC (Coco et al, 2007; De Lédinghen
et al, 2007; Friedrich-Rust et al, 2008;
Castèra et al, 2009).

In the present work, the NPVs to
exclude F3 or greater disease and cir-
rhosis were high (100%), whereas
PPVs were modest (60.0%, 83.3%), at
cut off values of 9.5 and 12.5kPa, re-
spectively. These results coincided
with that reported by Breton et al.

(2009) in children with CLDs.  In addi-
tion, these results coincided with
Castéra et al. (2009) who reported that
the highly validated TE cut-off value of
12.5 kPa exhibited a PPV of 85% to
predict the presence of cirrhosis and a
NPV of 95% to exclude cirrhosis in
adult patients with CHC. Likewise,
Lupsor et al. (2008) and Myers et al.
(2010) reported comparable results in
adult patients with CHC. These results
indicate that the main value of LSM is
to exclude advanced fibrosis and cir-
rhosis as a screening test. However, TE
cannot replace liver biopsy for the di-
agnosis of mild and moderate fibrosis
stages (Myers et al, 2010). In contrast,
Coco et al. (2007) found modest NPVs
(78.8% and 81.6%), and high PPVs
(93.8% & 97.8%), at cutoff values of
8.3 and 14 kPa, respectively.

It was reported that the adoption of
TE as a screening test could potentially
spare two thirds of CLDs patients from
liver biopsies. Moreover, it was stated
that a scoring system combining non-
invasive markers including TE with
some clinical features and biochemical
serum markers may permit reliable dif-
ferentiation of patients with advanced
fibrosis vs. those with mild fibrosis
among CLDs patients, and hence, easi-
er selection of patients with a higher
probability of significant pathology on
liver biopsy (Yoneda et al, 2008). Be-
cause the prevalence of CLDs is high
in many countries, this approach would
be cost saving (Wong et al, 2010).
However, Nobili et al. (2008) reported
that it is unlikely for TE to show a
good performance for screening pur-
poses in unselected pediatric popula-
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tions seen in primary care settings un-
like those highly selected at a special-
ized tertiary care referral center. In
contrast, Wong et al. (2010) reported
that patients recruited at referral cen-
ters likely had more advanced disease
and the NPVs to exclude advanced fi-
brosis and cirrhosis would be even
higher in the primary care setting.

The limitations of the present study
must be recognized. First, liver biopsy
was used as the gold standard. In addi-
tion to sampling error, variability in
histological interpretation may have
contributed to an imperfect gold stand-
ard bias (Mehta et al, 2009). Nowa-
days, liver biopsy is the only reference
standard, and biopsy specimens were
assessed by an expert pathologist. Se-
cond, only a small number of patients
with different fibrosis stages were in-
cluded; additional large scale studies
are necessary. Third, patients recruited
at referral centers likely had more ad-
vanced disease. However, the NPVs to
exclude advanced fibrosis and cirrhosis
would be even higher in the primary
care setting (Wong et al, 2010). Forth,
obese subjects were not analyzed as
LSM is impossible to obtain in this
group. The problem was solved with
the development of probes for obese
subjects (De Lédinghen et al, 2009). In
addition, patients having ascites were
not analyzed as LSM is impossible to
obtain in this group as the elastic shear
waves do not propagate through liq-
uids. However, the presence of ascites
in patients with CLDs indicates the
presence of cirrhosis. Fifth, the rela-
tively small number of subjects recruit-
ed, reflecting the difficulty in obtaining

liver biopsy samples and an accurate
clinical framing even in a specialized
pediatric referral center, may not allow
reaching definitive conclusions as re-
gard the optimal cut-off values (Nobili
et al, 2008). Also, it is expensive and
has some difficulties in children less
than 2 years as a result of their irritabil-
ity and cannot determine the underly-
ing cause of CLDs and only it can fol-
low its progression (Goldschmidt et al,
2013).

Conclusion
Measurement of liver stiffness using

FibroScan is an accurate and clinically
useful technique for the noninvasive
prediction of the severity of hepatic
fibrosis among children with CHC. Its
use for the follow up and management
of those patients could be of great in-
terest and should be evaluated further.
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Explanation of figures
Fig. 1: Box plot of LSM, histopathological fibrosis stages (A) and necroinflammatory activity grades (B)
among patients with CHC.
Fig. 2: Correlation between LSM and histopathological fibrosis stages (A) and necroinflammatory activity
grades (B).
Fig. 3: ROC curves of LSM of enrolled patients as a diagnostic tool for prediction of mild liver fibrosis (A
F > 1), significant liver fibrosis (B F > 2), advanced liver fibrosis (C F > 3) and liver cirrhosis (D F = 4).
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