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Abstract

AIM: To compare the liver stiffness (LS) measurement
by transient elastography (TE) to the liver biopsy (LB)-
considered the “gold standard” in the evaluation of
patients with chronic hepatitis C.

METHODS: During a period of 12 mo, we evaluated
199 consecutive patients with chronic hepatitis
due to hepatitis C virus (HCV), in which LB and LS
assessments (by means of TE) were performed during
the same session.

RESULTS: Out of 199 patients, a valid measurement
of the LS could not be obtained in 8. The mean value
of LS in the cohort of 191 valid measurements was
8.45 + 4.96 kPa, ranging from 2.3 to 38 kPa. The
mean value of LS in patients with significant fibrosis at
biopsy (161 patients with F = 2 according to Metavir)
was 9.02 = 5.15 kPa, significantly higher than in
patients with no or mild fibrosis (30 patients with F <
2 Metavir): 5.39 = 1.81 kPa (P < 0.0001). For a cut-
off value of 6.8 kPa, the LS had a PPV of 98%, a NPV
of 30.1%, a sensitivity of 59.6% and a specificity of
93.3% for the presence of significant fibrosis (at least
F2 Metavir), with a diagnostic performance of 77.3%
(AUROC 0.773). Using this cut-off value, we reached
the best discrimination between absence of fibrosis/
mild fibrosis (F < 2 Metavir) and the presence of

moderate to severe fibrosis (F = 2 Metavir).
CONCLUSION: In patients with chronic hepatitis due
to HCV, a cut-off value of 6.8 kPa measured by TE can
differentiate between significant fibrosis and absent
or mild fibrosis, with a PPV of 98%, a NPV of 30.1%,
a sensitivity of 59.6%, a specificity of 93.3%, and a
diagnostic performance of 77.3%.
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INTRODUCTION

In the evolution of chronic viral and non-viral hepatitis,
liver fibrosis is a very important factor associated with
prognosis. Hence, it is necessary to evaluate precisely the
severity of fibrosis in those patients, in order to perform
a correct staging and, eventually, to take a decision
regarding the treatment.

Currently, the biopsy examination of the liver is
considered the optimal method to evaluate changes
in fibrosis over timell. Nevertheless, the liver biopsy
(LB) has its shortcomings: the intra- and interobserver
variability™?, the sampling vatiability (as proven in a
study by Ratziu ez @/"), and, last but not least, the fact
that LB is an invasive method, with morbidity and
mortality greater than zero.

Based on these premises, noninvasive methods for
the evaluation of liver fibrosis have been developed
during the last few years in order to replace the LB. The
most promising noninvasive methods are, currently, the
FibroTest-ActiTest and the transient elastography (TE)
measured with the FibroScan devicel®7.
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TE is an ultrasound-based method. By using an
ultrasound transducer probe mounted on the axis of a
vibrator, the transmission of low-frequency vibrations
from the right intercostal space creates an elastic shear
wave that propagates into the liver. A pulse-echo
ultrasound acquisition is then used to detect the velocity
of wave propagation. This velocity is proportional to the
liver stiffness, with faster wave progression occurring
through stiffer tissues. Measurement of liver stiffness
(LS) is then performed and measured in kPal’.

The FibroScan assessment of LS was validated as
method of evaluation in chronic hepatitis C. Also, there
are some articles that proved the value of this method in
other chronic hepatopathies, like chronic hepatitis due to
the hepatitis B virus (HBV) infection, hemochromatosis,
primary billiary cirrhosis or non-alcoholic steato-
hepatids®!.

MATERIALS AND METHODS

During a 12 mo period (June, 2007 to June, 2008), all
patients with chronic hepatitis C from the Departments
of Gastroenterology and Hepatology and Infectious
Diseases of Timisoara were investigated in the same
session by means of two methods: LS measurement by
means of TE and LB, in order to compare the value
of that noninvasive method for the assessment of liver
fibrosis. Patients with proven liver cirrhosis (ascites,
jaundice, esophageal varices) were excluded from the
study, as were patients who had another cause of chronic
hepatitis, apart from hepatitis C virus (HCV) (HBYV,
alcoholic hepatitis, ez).

The LS was evaluated by means of TE with a
FibroScan device (Echosens-Paris, France) by three
experienced physicians. Measurements were performed in
the right lobe of the liver through the intercostal spaces
while the patients were lying in dorsal decubitus position
with the right arm in maximal abduction. The tip of the
transducer was covered with coupling gel and placed on
the skin, between the ribs, aiming at the right lobe of the
liver. The operator, assisted by ultrasound A-mode images
provided by the system, located a portion of the liver that
was at least 6 cm thick, free of large vascular structures.
Once the area of measurement had been located, the
operator pressed the probe button to begin an acquisition.
Acquisitions that did not have a correct vibration shape
or a correct follow-up of the vibration propagation were
automatically rejected by the software.

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 of the 10
valid measurements was then calculated by the device
and considered to be the value of LS in that patient.

Only patients in which LS measurements had a
success rate of at least 60%, with interquartile range
(IQR) of all validated measurements less than 30% of
the median values IQR < 30%), were considered for
further analysis.

We performed echoguided LB, with Menghini type
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modified needles, 1.4 and 1.6 mm in diameter. Only
LB fragments of at least 2 cm, including at least 8
portal tracts were considered adequate for pathological
interpretation. The LB was assessed according to the
Metavir score by a senior pathologist. Fibrosis was
staged on a 0-4 scale: FO-no fibrosis; F1-portal fibrosis
without septa; F2-portal fibrosis and few septa extending
into lobules; F3-numerous septa extending to adjacent
portal tracts or terminal hepatic venules and F4-cirrhosis

The statistical analysis was performed using
Microsoft Excel and GraphPad Prism programs. For
the statistical study of quantitative variables, the mean
and standard variation were calculated. The diagnostic
performance of LS measurements was assessed by
using receiver operating characteristics (ROCs) curves.
Connected with any cutoff value is the probability of
a true positive (sensitivity, Se) and the probability of
a true negative (specificity, Sp). The ROC curve is a
plot of Se »s 1-Sp for all possible cutoff values. The
most commonly used accuracy index is the area under
the ROC curve, when values close to 1.0 indicate high
diagnostic accuracy. ROC curves were thus built for the
detection of significant fibrosis (F = 2 Metavir) and
severe fibrosis (F = 3 Metavir). Optimal cutoff values
for LS measurements were chosen to maximize the sum

of Se and Sp.

RESULTS

The study group included 199 patients with chronic
hepatitis C, 138 women and 61 men, with a mean age of
49.79 + 10.98 years. In 8 cases we could not obtain valid
measurements, as we did in the remaining 191 patients
(96%).

The mean value of LS in the subgroup of 191
patients with valid measurements was 8.45 £ 4.96 kPa,
ranging from 2.3 to 38 kPa.

We divided patients according to the degree of
fibrosis, i.e. into a subgroup with significant fibrosis
(F = 2 Metavir, patients who should receive antiviral
therapy) and another one with no or mild fibrosis (F < 2
Metavir, in which antiviral treatment is currently not
recommended).

The mean value of LS in patients with significant
fibrosis (161 patients with F = 2 Metavir) was 9.02 £
5.15 kPa, significantly higher than in patients with no or
mild fibrosis (30 patients with F < 2 Metavir): 5.39 *
1.81 kPa (P < 0.0001) (Figure 1A).

The values of LS in various subgroups of patients,
divided according to fibrosis stage, were (Figure 1B):
5.27 £ 0.83 kPa in 4 patients with FO; 5.41 £ 1.92 kPa in
26 cases with F1; 7.18 £ 2.62 kPa in 97 patients with F2;
9.75 £ 4.63 kPa in 45 cases with F3; and 16.68 £ 8.10
kPa in 19 cases with F4.

The statistical significance of the differences between
the LS in these subgroups was: FO »s F1 P = 0.8081;
FO »s F2 P = 0.1117; FO »s F3 P < 0.0001; FO »s F4 P <
0.0001; F1 »s F2 P = 0.0048; F1 »s F3 P < 0.0001; F1 »s
F4 P < 0.0001; F2 »s F3 P = 0.0011; F2 »s F4 P < 0.0001;
F3 vs F4 P = 0.0002.
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Figure 1 The mean value of LS and AUROC for LS predictive value.
A: Mean value of LS in patients with significant fibrosis (F = 2 Metavir) as
compared to those with no or mild fibrosis (F < 2 Metavir); B: Mean value of LS
according to fibrosis; C: The AUROC for LS predictive value of the presence of
significant fibrosis (at least F2 Metavir).

The statistical analysis of these subgroups showed
that there were no significant differences between the
mean values of LS in the FO #s F1 subgroup (so that the
cases with mild and no fibrosis cannot be differentiated
by means of FibroScan evaluation of LS). The
comparison of the mean values of LS between the other
subgroups showed significant (S) or very significant (ES)
differences.

The mean value of LS in patients with severe fibrosis
(64 patients with F = 3 Metavir) was 11.81 + 6.62
kPa, significantly higher than in patients with at most
moderate fibrosis (127 patients with F < 3 Metavir) 6.76
+ 2.56 kPa (P < 0.0001).

We tried to establish the value of LS measured by
means of FibroScan, which best predicts the presence

of significant fibrosis (F = 2 Metavir) in patients with
chronic hepatitis C.

For a cut-off value of 6.8 kPa, the LS had a PPV
of 98%, a NPV of 30.1%, a sensitivity of 59.6%, a
specificity of 93.3% for the presence of significant
fibrosis (at least F2 Metavir), and a diagnostic
performance of 77.3% (AUROC 0.773) (Figure 1C).

For a cut-off value of 7.2 kPa, the PPV was 97.8%,
the NPV was 28.6%, the sensitivity was 56.5% and the
specificity was 93.3% for the presence of significant
fibrosis (at least F2 Metavir).

For a cut-off of value of 7.5 kPa, the PPV was
98.8%, the NPV was 27.4%, the sensitivity was 52.2%
and the specificity was 96.7%.

DISCUSSION

We compared our results with data from the literature
(Table 1). In a multicentric study coordinated by
Beaugrand? on 494 patients chronically infected with
HCV, who were evaluated in the same session by means
of percutanecous LB and valid FibroScan, a significant
correlation was found (»= 0.57, P < 0.0001) between the
LS and histological fibrosis, with AUROC [confidence
interval (CI) 95%] 0.84, 0.93 and 0.96 for F = 2, F =
3 and F = 4, respectively. This study tried to establish
cut-off values in order to differentiate among various
histological stages. Thus, a cut-off value of 7.5 kPa
differentiates FO1/F234 with a sensitivity of 67%, a
specificity of 87%, a PPV of 86% and a NPV of (8%,
with 76% diagnostic accuracy.

In a study petformed by Foucher ¢z 2/ that
compared LB with LS evaluation by means of FibroScan
in 354 patients with chronic hepatitis C, the cut-off value
was 7.2 kPa, for moderate and severe fibrosis (F234),
12.5 kPa for F34 and 17.6 kPa for cirrhosis.

In a Korean study™, the cut-off values wetre 7.3 kPa
for F = 2, 8.8 kPa for F = 3 and 15.1 kPa for F = 4.
In a study performed in the Netherlands"™, using a cut-
off value of 7.1 kPa, 88% of the patients who did not
have significant fibrosis (F < 2 Metavir) were correctly
identified.

In a study performed in Romanial'dl; on 324
consecutive patients chronically infected with HCV,
evaluated both by TE and LB in the same session, the
LS values were strongly correlated with fibrosis (r =
0.759, P < 0.0005), but also with steatosis (r = 0.255,
P < 0.005), necroinflammatory activity (» = 0.378,
P < 0.0005) and hepatic iron deposition (r = 0.143, P =
0.03). The univariable regression analysis of this study
demonstrated that fibrosis (R? = 0.610, P < 0.0005),
activity (R? = 0.145, P < 0.0005) and steatosis (R? =
0.037, P < 0.002) were correlated with LS. In multiple
regression analysis, all three variable independently
influenced LS: fibrosis (P < 0.0005), activity (P = 0.039)
and steatosis (P = 0.025). The conclusions of this study
showed that fibrosis is the main predictor of LS, but also
that the latter bis influenced by activity and steatosis.

In a study performed by Coco and co-workers!'",
the value of LS was evaluated considering the level of
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Study No. of cases Cut-off value for F2 (kPa)
Ziol et al™ 494 75
Foucher et al™ 354 7.2
Kim et al™ 47 73
Berends et al™ 24 7.1
Lupsor et al" 324 7.4
Present study 199 6.8

aminotransferases. The LS dynamics profiles paralleled
those of ALT, increasing 1.3 to 3 fold during ALT flares.
This study showed that the LS remained unchanged in
patients with stable biochemical activity.

All these studies, coming from different regions
of the world, completed previous studies from
Francel'®%
FibroScan evaluation of LS for the fibrosis assessment
in chronic hepatitis C. This method is not accurate
enough to differentiate among contiguous stages of
fibrosis (especially 0, 1 and 2), but is sensitive enough
to differentiate between the absence and/or mild
fibrosis from significant fibrosis, an essential step for
the decision regarding treatment. In the future, we shall
still find exactly whether histological activity, steatosis or
biological activity (ALT) have an important role in the
assessment of LS by means of FibroScan.

Considering the data presented from our study, the
cut-off value of 6.8 kPa is the most accurate for the
discrimination between absence or mild fibrosis (F <
2 Metavir) and the presence of moderate and severe
fibrosis (F = 2 Metavir), thus allowing us to select the
patients with chronic hepatitis C who should be treated
(knowing that patients with F < 2 Metavir are not
candidates for treatment, since they have mild disease).
In our study, using a cut-off value of 6.8 kPa, the sum
of sensitivity and specificity was the highest.

Based on our results, we may use the FibroScan to
evaluate LS in patients with chronic hepatitis C prior
therapy. By using a cut-off value of 6.8 kPa, we can
differentiate patients who needed to be treated (F =
2 Metavir) from those who, according to most current
guidelines, should not receive treatment (F < 2 Metavir).

The cut-off value of 6.8 kPa in our study had a PPV
of 98%, meaning that we can identify quite accurately
the patients who should be treated (F = 2 Metavir).
For patients with values of LS smaller than 6.8 kPa, we
think appropriate to perform LB, because the NVP is
low (30.1%), and otherwise we could miss patients with
significant fibrosis using only TE. In our cohort of 191
patients with valid measurements of LS, using a cut-off
value of 6.8 kPa, we could avoid LB in 160 patients who
had a LS greater than 6.8 kPa and who could directly
receive treatment, without LLB. On the other hand, a
LB should have been performed only in 31 patients (a
83.8% reduction in the number of LB performed in our
Department during this same interval of time).

Considering the data from the literature and looking
to our own, we could use the TE evaluation of LS in

, demonstrating the value of non-invasive,

www.wjgnet.com

patients with chronic hepatitis C in order to decide
about therapy. All studies show that, by using a cut-off
value of 6.8-7.5 kPa, we could identify accurately enough
the patients who need to be treated (F = 2 Metavir) s
those who should not be treated (F < 2 Metavir), and
this without performing a LB The PPV of 98%
obtained in our study for a cut-off value of 6.8 kPa
suggests that we can quite accurately identify patients
who must be treated (F = 2 Metavir). For patients with
LS smaller than 6.8 kPa, we think appropriate to perform
a LB, because the NPV is low (30.1%) and therefore we
may miss patients with significant fibrosis if only based
on LS measurement.

CONCLUSION

The FibroScan evaluation of LS is 2 method in which
valid measurements can be obtained in the great majority
of scanned patients (96% of the cases). In patients
with chronic hepatitis C, when compared to the LB
considered to be the “gold standard”, LS measurement
by means of TE can differentiate between significant
fibrosis and absent or mild fibrosis. We found that a cut-
off value of 6.8 kPa is the one that best differentiates
absence or mild fibrosis (FF < 2 Metavir) from significant
fibrosis (F = 2 Metavir), with PPV of 98%, NPV of
30.1%, sensitivity of 59.6%, specificity of 93.3% and
a diagnostic performance of 77.3%. In our cohort of
patients, if the cut-off value of 6.8 kPa had been used
for the presence of significant fibrosis, more than 80%
of the LB would have been avoided.

Considering all these facts, the FibroScan evaluation
of LS is a useful non-invasive method for the evaluation
of patients with chronic hepatitis C in clinical practice,
and can replace in many cases the LB for the decision of

therapy.

COMMENTS

Background

In the evolution of chronic viral and non-viral hepatitis, liver fibrosis is a very
important factor associated with prognosis. Hence, it is necessary to evaluate
precisely the severity of fibrosis in those patients, in order to perform a correct
staging and, eventually, to take a decision regarding the treatment. Fibrosis
can be assessed through invasive [liver biopsy (LB)] and non-invasive methods
such as transient elastography (TE) assessment of liver stiffness (LS),
developed in the last few years in order to replace LB.

Research frontiers

The aim of the study was to assess the value of LS measurement by TE as
compared to the LB-considered to be the “gold standard”, in the evaluation of
patients with chronic hepatitis C.

Innovations and breakthroughs

This study concluded that LS measurement by TE can predict the presence of
significant fibrosis (at least F2 Metavir, that requires treatment) in patients with
chronic hepatitis C, confirming previously published studies.

Applications

Transient evaluation of LS could replace in many cases the LB for the decision
of therapy in patients with chronic hepatitis C, if the values of LS are higher
than the established cut-off values for significant fibrosis (6.8-7.5 kPa according
to various studies). The LB should be performed only if the LS is lower than the
cut-off, in order to avoid “missing” patients with significant fibrosis.

Terminology
TE is an ultrasound-based method that assesses the LS as a marker of fibrosis.
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By using an ultrasound transducer probe mounted on the axis of a vibrator, the
transmission of low-frequency vibrations from the right intercostal space creates
an elastic shear wave that propagates into the liver. A pulse-echo ultrasound
acquisition then is used to detect the velocity of wave propagation. This velocity
is proportional to the tissue stiffness, with faster wave progression occurring
through stiffer material. The stiffer the liver, the higher the degree of fibrosis.

Peer review

This paper investigated the usefulness of elastography in assessing the
stage of biopsy-proven fibrosis in patients with chronic hepatitis C. This is a
straightforward study and the authors concluded that this new technique can
predict the presence of severe fibrosis that require treatment.
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