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Abstract

AIM: To determine whether acoustic radiation force im-
pulse (ARFI) elastography is a reliable method for pre-
dicting fibrosis severity in patients with chronic hepatitis
C virus (HCV) hepatitis.

METHODS: We performed a multicenter study includ-
ing 274 subjects with HCV chronic hepatitis in which we
compared ARFI with liver biopsy (LB). In each patient
we performed LB (evaluated according to the Meta-
vir score) and ARFI measurements (using a Siemens
Acuson S2000™ ultrasound system: 10 valid measure-
ments were performed and median values were calcu-
lated and expressed in meters/second (m/s).
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RESULTS: A direct, strong, correlation (Spearman r =
0.707) was found between ARFI measurements and
fibrosis (P < 0.0001). For predicting the presence of
fibrosis (F = 1 Metavir), significant fibrosis (F = 2),
severe fibrosis (F = 3) and cirrhosis (F = 4), the cut-
off values of 1.19, 1.21, 1.58 and 1.82 m/s were deter-
mined, respectively, liver stiffness measurements had
73%, 84%, 84% and 91% Se respectively; 93%, 91%,
94%, 90% Sp, respectively; with AUROCs of 0.880,
0.893, 0.908 and 0.937, respectively.

CONCLUSION: ARFI measurement is a reliable meth-
od for predicting the severity of fibrosis in HCV patients

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

The evaluation of liver fibrosis is essential in chronic
hepatitis since a decision about treatment is linked, in
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most cases, to the severity of the disease (especially in
chronic hepatitis C), and because the prognosis of the
disease is based on the severity of fibrosis.

Until a few years ago, the evaluation of fibrosis was
made only by liver biopsy (LB), which was considered to
be the “gold standard” for hepatological evaluation'"!, but
in latter years, non-invasive methods (recently developed)
are beginning to replace this invasive procedure.

The disadvantages of LB are: it is an invasive proce-
dure, there are rare, but possible, post-biopsy complica-
tions, it is a stressful medical procedure for many patients
and sometimes, not enough histological material is ob-
tained.

Non-invasive methods for the evaluation of liver
fibrosis using ultrasound waves include: transient elastog-
raphy (TE) (FibroScan)”"; SonoFElastography (real-time
tissue elastography: RT-E)"” and acoustic radiation force
impulse (ARFI) elastographymm. The advantages of ul-
trasound-based methods for liver stiffness (LS) evaluation
are that they ate noninvasive, well tolerated by patients; a
rapid estimation is obtained regarding the disease severity
(a few minutes); and sometimes the elastography module
is integrated in the available ultrasound machine (RT-E
Hitachi and ARFI Siemens). However, it is unknown
whether these non-invasive ultrasound-based methods
are accurate enough to replace, at least partially, LB.

The aim of our study was to determine whether ARFI
elastography is a reliable method for predicting the sever-
ity of fibrosis in patients with chronic hepatitis C virus
(HCV) hepatitis.

MATERIALS AND METHODS

We performed a multicenter study in 3 university hospi-
tals (Timisoara, Bucharest and Cluj-Napoca) that includ-
ed 274 patients, 113 men and 161 women, mean age 50.1
t 11.8 years with HCV chronic hepatitis (all with PCR
HCV RNA +) in which ARFI and LB were compared.

In each patient LB and LS measurements by means
of ARFI were performed, the LB in the previous 6 mo
before entering the study, and none of the patients had
received antiviral therapy.

All patients agreed to participate in this study, which
was approved by the local Ethical Committee.

ARFl elastography

ARFTI elastography was performed in all patients using a
Siemens Acuson S2000™ ultrasound system. The ultra-
sound probe automatically produces an acoustic “push”
pulse that generates shear-waves which propagate into
the liver. Their speed, measured in meters/second (m/s),
is displayed on the screen. The propagation speed in-
creases with fibrosis. The operator can select the depth at
which liver elasticity is evaluated, by placing a “measuring
box” (10 mm long and 5 mm wide) in the desired place
(Figure 1). In all our patients, Virtual Touch Tissue quan-
tification was petformed, using the Acuson system. The
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Figure 1 Correlation between liver stiffness evaluated by acoustic radia-
tion force impulse and the severity of fibrosis assessed according to the
Metavir scoring system. ARFI: Acoustic radiation force impulse.

patients were examined in left lateral decubitus, with the
right arm in maximum abduction. Scanning was pet-
formed between the ribs in the right liver lobe (e.g. seg-
ment 8) (in order to avoid cardiac motion), 1 cm under
the capsule, with minimal scanning pressure applied by
the operator, while the patients were asked to stop breath-
ing for a moment, in order to minimize breathing motion.

We performed 10 measurements in each patient, and
a median value was calculated, the result being measured
in m/s. The time interval between LB and ARFI mea-
surements was less or equal to 6 mo.

LB

LB was performed in all patients using the echoguided
TruCut technique, with a 1.8 mm (14 G) diameter auto-
matic needle device - Biopty Gun (Bard GMBh), or echo-
assisted, using Menghini-type modified needles, 1.4 and
1.6 mm in diameter. Only LB fragments including at least
6 portal tracts were considered adequate for pathological
interpretation and included in our study. The LBs were
assessed according to the Metavir score, by a senior pa-
thologist (one at each center). Fibrosis was staged on a 0-4
point 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 ot terminal hepatic venules and F4 - cirrhosis.

Statistical analysis
The data obtained from our patients were collected in
a Microsoft Excel file, and statistical analysis was per-
formed using the SPSS program. Predictors for the stage
of fibrosis (ARFI measurements) were numeric variables,
thus the mean and standard deviation were calculated.

The ANOVA test was used to compare the mean val-
ues obtained by ARFI for each degree of fibrosis. Asso-
ciations between assay results and fibrosis stage according
to the Metavir scoring system (range: 0-4, ordinal scale),
were described using the Spearman rank correlation coef-
ficient (7).

The diagnostic performances of ARFI elastography
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Figure 2 Predictive value of liver stiffness measurements by acoustic radiation force impulse. A: The presence of fibrosis (F = 1 Metavir); B: The presence of
significant fibrosis (F = 2 Metavir); C: The presence of severe fibrosis (F = 3 Metavir); D: The presence of cirrhosis (F = 4 Metavir).

were assessed using receiver operating characteristics
(ROC) curves. ROC curves were thus built for the detec-
tion of: significant fibrosis (F = 2 Metavir), severe fibro-
sis (F = 3 Metavir) and cirrhosis. Optimal cut-off values
were chosen to maximize the sum of sensitivity (Se) and
specificity (Sp). Se and Sp were calculated according to
standard methods. Exact CI of 95% were calculated for
each predictive test.

RESULTS

Patients and LB evaluation

Our study included 274 patients. Of the 262 patients
with valid ARFI measurements, 29 subjects (11.1%) did
not have fibrosis (FO Metavir on LB), 43 subjects (16.4%)
were classified as F1, 74 subjects (28.2%) as F2, 51 pa-
tients (19.5%) as F3 and 65 patients (24.8%) had liver
cirthosis (F4 Metavir on LB). No serious complications
occurred following LB, and only minor complications,
such as post-biopsy pain were observed.

Stiffness measurements using ARFI
Of 274 patients, valid ARFI measurements were obtained
in 262 subjects (95.6%). Measurements of LS ranged
from 0.67 to 4.15 m/s.

A direct, strong, correlation (Spearman = 0.727) was
found between ARFI measurements and fibrosis (P <

K

3ni§l:ﬂ£ng® WJR | www.wjgnet.com

190

0.0001) (Figure 1).

The mean values of LS assessed by ARFI, according to
the sevetity of fibrosis, were: FO - 0.97 £ 0.19 m/s; F1 - 1.07
+ 013 m/s; F2 - 1.33 £ 048 m/s; F3 - 1.71 £ 0.52 m/s;
F4-2.60 = 0.67 m/s.

The mean LS values for contiguous stages of fibrosis
were statistically significantly different: FO »s F1: 0.97 £
0.19 m/s s 1.07 £ 0.13 m/s (P = 0.01); F1 »s F2: 1.07 £
0.13m/s »s 1.33 £ 0.48 m/s (P < 0.001); F2 »s F3: 1.33
0.48 m/s »s 1.71 £ 0.52 m/s (P < 0.001); F3 »s F4: 1.71
+0.52m/s »5 2.60 £ 0.67 m/s (P < 0.001).

The presence of fibrosis (FF = 1 Metavir) was predict-
ed by a cut-off value of 1.19 m/s, LS measurements had
73% Se, 93% Sp, 99% PPV and 30% NPV, with AUROC
= 0.880 (Figure 2A, Table 1).

The presence of significant fibrosis (F = 2 Metavir)
was predicted by a cut-off value of 1.21 m/s, LS mea-
surements had 84% Se, 91% Sp, 96% PPV and 69%
NPV, with AUROC = 0.893 (Figure 2B, Table 1).

The presence of severe fibrosis (F = 3 Metavir) was
predicted by a cut-off value of 1.58 m/s, LS measure-
ments had 84% Se, 94% Sp, 92% PPV and 88% NPV,
with AUROC = 0.908 (Figure 2C, Table 1).

The presence of cirrthosis (F = 4 Metavir) was pre-
dicted by a cut-off value of 1.82 m/s, LS measurements
had 91% Se, 90% Sp, 77% PPV and 97% NPV, with AU-
ROC = 0.937 (Figutre 2D, Table 1).
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Table 1 The predictive value of liver stiffness evaluated by

acoustic radiation force impulse, for various stages of fibrosis

Fibrosis Cut-off AUROC Sensitivity Specificity PPV NPV
(m/s) (%) (%) (%) (%)
=F1 1.19 0.880 73 93 99 30
=F2 1.21 0.893 84 91 96 69
=F3 1.58 0.908 84 94 92 88
F4 1.82 0.937 91 90 77 97

AUROC: Area under the receiver operating characteristic curve; PPV: Po-
sitive predictive value; NPV: Negative predictive value

DISCUSSION

Virtual Touch™ tissue imaging application implements
ARFI technology for the evaluation of deep tissues, not
accessible to superficial compression elastography tech-

niques. Using image-based localization and proprietary
implementation of ARFI technology, shear wave speed
may be quantified, in a precise anatomical region, focused
on a region of interest, with a predefined size, provided
by the system. Measurement value and depth are also re-
ported and the elasticity results wete obtained in m/s.

Studies comparing LB to the non-invasive methods
of evaluation in chronic liver disease have been pet-
formed in order to assess if these non-invasive methods
are accurate enough to replace LB in the future.

Considering that fibrosis is heterogeneously distribut-
ed in the liver, LB has been criticized in the past, because
it evaluates only a small part of the total volume of the
liver, due to the small volume of tissue sample taken. It
has been proven that liver fragments obtained in the same
session, using laparoscopic biopsy, from the left and right
liver lobe, can have different stages of fibrosis in almost
half of cases assessed" . In addition, it was demonstrated
that the smaller the liver sample, the higher the chance of
sub-evaluating the severity of liver disease™'". Using a
mathematical model, Bedossa’s team!” estimated that the
chance of misdiagnosis in a fragment 2.5 cm in length,
can reach 25% and that the optimal size of a LB sample
is 4 cm (difficult enough to obtain in daily practice).

Also we must not forget that LB is an invasive pro-
cedure, which generates anxiety in the patient and is not
totally risk free. Published data state that serious compli-
cations following diagnostic LB may occur in 1%-5% of
cases' ™" and that the death rate following diagnostic I.B
can reach 1-3/10000 of biopsied cases”™.

In a study performed by Friedrich-Rust”, in which
ARFI was compared to LB and blood markers in 86
patients with chronic hepatitis (B or C), the Spearman
correlation coefficients between the histological fibrosis
stage and ARFI, TE, FibroTest and APRI scores indi-
cated significant correlations: 0.71, 0.73, 0.66 and 0.45,
respectively (P < 0.001). In this heterogeneous batch of
individuals, the Spearman correlation coefficient between
ARFI and LB was quite encouraging: 0.71. Since other
elastographic methods, such as TE (FibroScan), showed
great variability in chronic hepatitis B, we decided to per-
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form this study only in patients with chronic hepatitis C.
In an attempt to avoid LB sampling error, we included in
our study only cases in which the tissue sample obtained
by LB included at least 6 portal tracts.

In the study published by Lupsor and co-workers'"|
112 consecutive patients with chronic hepatitis C were
evaluated by histology (Metavir score), ARFI and TE.
In this study, ARFI was correlated with liver fibrosis (r
= 0.717, P < 0.0001) and necroinflammatory activity (r
= 0.328, P < 0.01), but not with steatosis (» = 0.122, P
= 0.321). In this study, there was a significant increase in
ARFT values in parallel with the increase in fibrosis stage:
1.079 £ 0.150 m/s (FO-F1), 1.504 + 0.895 m/s (F2), 1.520
+ 0.575 m/s (F3), 2.552 £ 0.782 m/s (F4) (P < 0.0001),
but there was a certain degree of ovetlap between the
consecutive stages F1-F2 (P = 0.072) and F2-F3 (P =
0.965). In this study, the cut-off values (m/s) predictive
of each fibrosis stage were: 1.19 (F = 1), 1.34 (F = 2),
1.61 (F = 3) and 2.00 (FF4). With regard to the compari-
son between ARFI and TE, this study found that the
AUROCs were: 0.709 »s 0.902, P = 0.006 (F = 1), 0.851
vs 0.941, P = 0.022 (F = 2), 0.869 »5s 0.926, P = 0.153 (F
= 3) and 0.911 25 0.945, P = 0.331 (F4).

Our study was performed in a large cohort of pa-
tients with chronic viral hepatitis C, and ARFI was well
correlated with liver fibrosis (r = 0.726, P < 0.0001) and
the ARFI values increased in parallel with the stage of
fibrosis. The cut-off values (m/s) predictive for each fi-
brosis stage were: 1.19 (F = 1), 1.21 (F = 2), 1.58 (F = 3)
and 1.82 (F = 4). According to our results, similar to TE,
ARFI is not accurate enough to differentiate between F
= 1 »s F = 2 Metavir. On the other hand, in daily prac-
tice, one of the most important points in chronic hepa-
titis assessment is discrimination between moderate and
severe fibrosis (or cirrhosis), and the use of ARFI was
able to differentiate between these two stages of fibrosis.
One limitation of our study is that only a small propor-
tion of our patients were FO and F1 (11.1% and 16.4%,
respectively), as compared to those with F2 - 28.2%, F3 -
19.5% and F4 - 24.8%.

A recently published study from Japan®" also showed
that ARFI has an excellent predictive value for the non-
invasive assessment of fibrosis, with an AUROC of 0.94
for F2-F4 and F3-F4 and 0.96 for F4. In another Roma-
nian study from 2009" similar very good results were
obtained: AUROC of 0.90 for F = 2 and 0.99 for F = 3
and F4. In 2 German studym], the AUROC:s for F = 2, F
= 3 and F4 were 85%, 92% and 87%, respectively, while
in a French studym, on an intention-to-diagnose basis,
FibroScan and ARFI had similar predictive values for the
diagnosis of significant fibrosis (F = 2), with AUROC:s:
0.791 + 0.049 »50.793 £ 0.046 (P = 0.98).

These latter studies together with the present study,
demonstrate that there is a strong correlation between
histological fibrosis and LS measurements using ARFL
Therefore, the use of ARFI measurements could be an
advantage, being a “real-time” evaluation of LS. It can
also be used in patients in which valid measurements
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of LS by TE could not be obtained (since the location
of ARFI measurements can be chosen under direct US
guidance), and also in patients with ascites. Also, ARFI is
a rapid method of liver fibrosis assessment, totally free
of adverse events, comfortable for the patient and for the
examiner (with a mean duration of approximately 5 min).
Another advantage is the fact that LS can be evaluated
with a device integrated in an ultrasound machine (already
existing in some ultrasound laboratories). Thus, imme-
diately after an ultrasound evaluation of the liver, ARFI
measurements can be obtained, in order that information
regarding the severity of liver fibrosis is available on the
spot.

Some previous studies"”*" showed that TE and
ARFI are equal in the evaluation of moderate and severe
fibrosis. In those cases, ARFI evaluation is the preferred
method, considering that the rate of valid measurements
is superior to TE, that it can be used in patients with
ascites, and that there is no need to buy equipment (Fi-
broScan).

In this quite large cohort of patients, we found that
ARFI measurement is a reliable method for predicting
the severity of fibrosis in HCV patients. However, the
cut-off values for the different stages of fibrosis obtained
must be validated. Further studies, including patients with
other types of hepatopathies (chronic hepatitis B, ASH,
NASH) are needed.
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