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Abstract

AIM: To find out if by combining 2 ultrasound based
elastographic methods: acoustic radiation force impulse
(ARFI) elastography and transient elastography (TE),
we can improve the prediction of fibrosis in patients
with chronic hepatitis C.

METHODS: Our study included 197 patients with
chronic hepatitis C. In each patient, we performed, in
the same session, liver stiffness (LS) measurements by
means of TE and ARFI, respectively, and liver biopsy
(LB), assessed according to the Metavir score. 10 LS
measurements were performed both by TE and ARFI;
median values were calculated and expressed in kilo-
pascals (kPa) and meters/second (m/s), respectively.
Only TE and ARFI measurements with IQR < 30% and
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SR = 60% were considered reliable.

RESULTS: On LB 13 (6.6%) patients had FO, 32 (16.2%)
had F1, 52 (26.4%) had F2, 47 (23.9%) had F3, and 53
(26.9%) had F4. A direct, strong correlation was found
between TE measurements and fibrosis (» = 0.741), be-
tween ARFI and fibrosis (+ = 0.730) and also between
TE and ARFI (r = 0.675). For predicting significant fi-
brosis (F = 2), for a cut-off of 6.7 kPa, TE had 77.5%
sensitivity (Se) and 86.5% specificity (Sp) [area under
the receiver operating characteristic curve (AUROC) 0.87]
and for a cut-off of 1.2 m/s, ARFI had 76.9% Se and
86.7% Sp (AUROC 0.84). For predicting cirrhosis (F = 4),
for a cut-off of 12.2 kPa, TE had 96.2% Se and 89.6%
Sp (AUROC 0.97) and for a cut-off of 1.8 m/s, ARFI had
90.4% Se and 85.6% Sp (AUROC 0.91). When both
elastographic methods were taken into consideration,
for predicting significant fibrosis (F = 2), (TE = 6.7 kPa
and ARFI = 1.2 m/s) we obtained 60.5% Se, 93.3%
Sp, 96.8% positive predictive value (PPV), 41.4% nega-
tive predictive value (NPV) and 68% accuracy, while for
predicting cirrhosis (TE = 12.2 kPa and ARFI = 1.8 m/s)
we obtained 84.9% Se, 94.4% Sp, 84.9% PPV, 94.4%
NPV and 91.8% accuracy.

CONCLUSION: TE used in combination with ARFI is
highly specific for predicting significant fibrosis; there-
fore when the two methods are concordant, liver biopsy
can be avoided.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Liver fibrosis evaluation in patients with hepatitis C virus
(HCV) infection is essential for prognosis assessment and
also for a decision regarding therapy. In many centers,
liver biopsy (LB) is the “normal” means of fibrosis assess-
ment. In the last few years, non-invasive methods for the

evaluation of liver fibrosis have become more and more
popular, especially in France and, subsequently, through-
out the world.

Non-invasive methods for liver fibrosis assessment
are: biological (serological) tests' | ultrasound based (elas-
tographic) methods, such as transient elastography (T B,
real time elastography”'? and acoustic radiation force
impulse (ARFI) elastographym'm and magnetic resonance
imaging (MRI) elastography" ', Fach method has certain
advantages: only a few milliliters of blood are requited for
the serological tests, a special “ultrasound” examination is
requited for the elastographic methods and finally, a MRI
examination reveals information about many abdominal
organs and at the same time evaluates the liver stiffness
(LS). All these methods have some disadvantages, the
major one being that they are not 100% sensitive or 100%
specific compared to the LB which is still considered the
“gold standard”.

Some authors have proposed to combine different
noninvasive methods for liver fibrosis evaluation, hoping
to increase the accuracy or maybe to dectease the number
of IBs needed to solve unclear cases'”. Some years ago,
Castera proposed to use only ALT for the evaluation of
liver activity in patients with chronic hepatitis C, and for
fibrosis to combine a FibroTest with a FibroScan. If these
noninvasive tests are concordant, then LB can be avoided.
In this study, when the FibroScan and FibroTest results
agreed, significant fibrosis (F = 2) was confirmed by LB
in 84% of the cases, severe fibrosis (F = 3) in 95% of
cases, and cirthosis (F = 4) in 94% of the cases.

The putpose of this study is to find out if, by com-
bining 2 ultrasound based elastographic methods: ARFI
elastography and TE, we can improve the prediction of
fibrosis severity in patients with chronic HCV hepatitis.

MATERIALS AND METHODS

Patients

We performed a bicentric study in two university hospitals
(Timisoara and Cluj-Napoca) that included 197 patients
with chronic HCV hepatitis (anti HCV antibodies positive,
with or without cytolysis for at least 6 mo, PCR HCV RNA
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Figure 1 Acoustic radiation force impulse measurement in the liver.

positive). In all these patients, in the same session, LS was
evaluated by means of TE (FibroScan™) and ARFI elastog-
raphy, and LB was performed in order to assess the fibrosis
stage. Patients with other causes of chronic hepatitis (HBV
infection, chronic alcohol abuse, cholestatic chronic hepati-
tis, nonalcoholic steatohepatitis, autoimmune chronic hepa-
titis, haemochromatosis, Wilson’s disease) were excluded
from our study. Informed consent was obtained from each
patient included in the study and the study protocol was
approved by the local ethical committee.

TE

TE was performed in all patients with a FibroScan” device
(EchoSens” - Paris, France) by experienced physicians
(more than 500 TE), blinded to the results of LB and
ARFI measurements. In each patient, 10 valid measure-
ments were performed, after which a median value of LS
was obtained, measured in kilopascals (kPa). Only patients
in which LS measurements by means of TE had a suc-
cess rate of at least 60%, with an interquartile range (IQR)
< 30%, were included in our study. The success rate was
calculated as the ratio of the number of successful acquisi-
tions over the total number of acquisitions. IQR is the dif-
ference between the 75th percentile and the 25th percen-
tile, essentially the range of the middle 50% of the data.

ARFl elastography

ARFT elastography was performed in all the patients with
a Siemens Acuson $2000™ 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 increases
with fibrosis. The operator can select the depth at which
the liver elasticity is evaluated by placing a “measuring
box” (10 mm long and 5 mm wide) in the desired place
(Figure 1). The patients were examined in left lateral decu-
bitus, with the right arm in maximum abduction. Scanning
was performed between the ribs in the right liver lobe in
order to avoid cardiac motion (approximately in the place
where we usually perform LB), 1 cm under the capsule,
with minimal scanning pressure applied by the operator,
while the patients were asked to stop breathing for a mo-
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Figure 2 Severity of fibrosis in the studied group.
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Figure 3 Liver stiffness measurements by means of transient elastogra-
phy (A) and acoustic radiation force impulse elastography (B) for various
stages of fibrosis.

ment, in order to minimize breathing motion.

We petrformed 10 measurements in every patient, and
a median value was calculated, the result being measured
in m/s. Only patients in which LS measurements by
means of ARFI had a success rate of at least 60%, with
an IQR < 30%, were included in our study. Operators
were blinded to the results of LB and TE measurements.

LB

LB was performed in all the patients using echoguided
TruCut technique, with a 1.8 mm (14 G) diameter au-
tomatic needle device-Biopty Gun (Bard GMBh), or
echoassisted, 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 patho-
logical interpretation and included in our study. The LBs
were assessed, according to the Metavir score, by a senior
pathologist (one in each center) blinded to the results of
TE and ARFI measurements. Fibrosis was staged on a
0-4 scale: FO-no fibrosis; Fl-portal fibrosis without septa;
F2-portal fibrosis and few septa extending into lobules;
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F3-numerous septa extending to adjacent portal tracts or
terminal hepatic venules and F4-cirrhosis.

Statistical analysis

The data we obtained from our patients were collected
in a Microsoft Excel file, the statistical analysis being per-
formed using MedCalc and GraphPad Prism programs.
The predictors for the stage of fibrosis (ARFI and TE
measurements) were numeric variables, so the mean and
standard deviation were calculated.

Associations between assay results and fibrosis stage
according to the Metavir scoring system (range: 0-4, ordi-
nal scale), were described using the Spearman rank corre-
lation coefficient (7).

The diagnostic performances of ARFI and TE were
assessed by using receiver operating characteristics (ROC)
curves. ROC curves were thus built for the detection of
significant fibrosis (F = 2 Metavir) and cirrhosis (F = 4
Metavir). Optimal cut-off values were chosen to maxi-
mize the sum of sensitivity (Se) and specificity (Sp). Se
and Sp were calculated according to standard methods.
Exact confidence intervals of 95% were calculated for
each predictive test.

RESULTS

Our study group included 197 patients, 119 women and
78 men, mean age 50 £ 9.8 years. On LB 13 (6.6%) pa-
tients had FO, 32 (16.2%) had F1, 52 (26.4%) had F2, 47
(23.9%) had F3 and 53 (26.9%) had F4 (Figure 2).

We obtained valid TE measurements in 187/197 pa-
tients (94.9%) and valid ARFI measurements in 191/197
patients (96.9%).

A direct, strong correlation was found between the
values of liver stiffness evaluated by TE and fibrosis (r =
0.741) (Figure 3A), between the values of liver stiffness
measured by ARFI and fibrosis (» = 0.730) (Figure 3B)
and also between the values of liver stiffness evaluated
by means both of TE and ARFI (»= 0.675).

The predictive values of TE and ARF], alone, for F =
2 and P4, respectively, are presented in Table 1.

By combining the two elastographic methods (values
both for TE and ARFI above the mentioned cut-offs) the
specificity increased, statistically significant as compared
to ARFI (F = 2: 93.3% s 86.7%, P = 0.04; F = 4: 94.4%
v5 85.6%, P = 0.007) but not as compared to TE (F = 2:
93.3% v5 86.7%, P = 0.05; F = 4: 94.4% 5 89.6%, P = 0.12),
of course with lower sensitivity (Table 2), with very good
positive predictive value (PPV) (96.3%) for significant
fibrosis (F = 2 Metavir). By combining the two elasto-
graphic methods for F4, we obtained a very high negative
predictive value (NPV), along with very good PPV and
accuracy (Table 2).

The accuracy of the combined tests (TE + ARFI) was
statistically significant better than ARFI alone for predict-
ing cirrhosis (91.8% ws 83.4%, P = 0.02), but not as com-
pared to TE alone (91.8% »s 91.4%, P = 0.96).
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Table 1 Predictive value of transient elastography and acoustic radiation force impulse alone, for F = 2 and F = 4 (%)

Cut-off AUROC Se Sp PPV NPV  Accuracy
TE 6.7 kPa 0.87 77.5 86.7 94.8 54.9 79.6
ARFI 12m/s 0.84 76.9 86.7 95.7 541 793

Cut-off AUROC Se Sp PPV NPV  Accuracy
12.2 kPa 0.97 96.2 89.6 78.1 98.3 914
1.8m/s 091 90.4 85.6 50.3 95.8 83.4

TE: Transient elastography; ARFI: Acoustic radiation force impulse; AUROC: Area under the receiver operating characteristic curve; Se: Sensitivity; Sp:

Specificity; PPV: Positive predictive value; NPV: Negative predictive value.

Table 2 Predictive value of transient elastography and acoustic radiation force impulse in combination for F = 2 and F = 4 (%)

F=>2 F=4
Cut-off Se Sp PPV NPV  Accuracy Cut-off Se Sp PPV NPV  Accuracy
TE+ ARFI 6.7kPaand12m/s 605 93.3 96.8 41.1 122kPaand 1.8 m/s 849 94.4 84.9 94.4 91.8
TE or ARFI 6.7kPaorl.2m/s 86.1 71.1 90.9 60.3 82.7 122kPaor1.8m/s 96.2 83.3 68 98.3 86.8

TE: Transient elastography; ARFI: Acoustic radiation force impulse; AUROC: Area under the receiver operating characteristic curve; Se: Sensitivity; Sp:

Specificity; PPV: Positive predictive value; NPV: Negative predictive value.

DISCUSSION

Discussions regarding the replacement of LB in the
evaluation of liver fibrosis with non-invasive methods are
currently very active. Arguments in favor of maintaining
LB are: it allows a correct evaluation of fibrosis as well
as of the activity of the disease; it can provide arguments
for the etiology (Mallory bodies, e#) or it can evaluate the
presence and severity of hepatocytes’ fatty infiltration. Ar-
guments against this method are: it is an invasive one (there
is a risk for complications, even if it is low); it is usually
a stressful method for the patients; in some cases, good
quality histological specimens are not obtained and, also,
there are some questions regarding sampling variability.

In some countries, such as France, the non-invasive
methods for fibrosis assessment have replaced the LB in
a large number of cases. To become accepted worldwide,
these non-invasive methods must be very accurate, in or-
der to replace a well recognized method such as LB.

TE measures the liver stiffness of a fragment that is
approximately a cylinder 1 cm in diameter and 4 cm long,
500 times bigger than the specimen obtained by LB. This
examination is more or less blind, but the other method
that we used for the elastographic evaluation of the liver,
ARF], is performed under clear ultrasonographic visual-
ization of the area of interest (the operator being able to
choose the area to be examined).

The criticism, especially of TE, is that it is not able to
differentiate between contiguous stages of fibrosis (FO zs
F1, or F1 s F2). On the other hand, from the point of
view of the clinician, it is important to know if the patient
has only mild fibrosis (probably with no need for treat-
ment in HCV patients), or moderate or severe fibrosis.
And for this purpose, TE is quite a good method (the fol-
lowing AUROCs were reported: 0.79 for F = 2, 0.91 for
F = 3and 0.97 for F = 47,

The other elastographic method, ARFI technology,
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involves targeting an anatomic region to be interrogated
for elastic properties, with the use of a region of-interest
cursor, while performing real-time B-mode imaging, Tis-
sue from the region of interest is mechanically excited by
using short-duration (262 ps) acoustic pulses with a fixed
transmit frequency of 2.67 MHz to generate localized
tissue displacements. The displacements result in shear-
wave propagation away from the region of excitation and
are tracked by using US correlation-based methods"”.
The shear-wave propagation velocity is proportional to
the square root of tissue elasticity. Results are expressed
in meters per second (m/s). The technique is new and
published data suggest that ARFI and TE have a similar
predictive value for fibrosis assessment.

In a study performed by Friedrich-Rust ez al” in which
ARFI was compared to LB and blood markers in 86 pa-
tients with chronic hepatitis (HBV or HCV), the Speat-
man cotrelation coefficients between the histological
fibrosis stage and ARFI, TE, FibroTest and APRI score
were statistically significant: 0.71, 0.73, 0.66 and 0.45 re-
spectively (P < 0.001).

In the study performed by Lupsor e a/'", 112 pa-
tients with chronic hepatitis were evaluated. All the pa-
tients underwent LB (fibrosis stage assessed according to
the Metavir scoring system), ARFI and FibroScan. The
mean ARFI values for different stages of fibrosis were:
1.079 £ 0.150 m/s (FO-F1), 1.504 + 0.895 m/s (F2), 1.520
+0.575 m/s (F3) and 2.552 + 0.782 m/s (F4). The mean
values were statistically significant different only between
F3 and F4. The following cut-oft values wete proposed for
vatious stages of fibrosis: F = 1:1.19 m/s; F = 2:1.34 m/s;
F = 3:1.61 m/s;and F = 4:2m/s.

Since both types of elastographic evaluation are avail-
able in our Department, we tried to see if by combining
them we can improve their predictive value for fibrosis
assessment. Firstly, we evaluated their predictive value
alone for significant fibrosis (F = 2 Metavir) and cir-
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thosis (FF = 4), after which we evaluated their predictive
value in combination. If both methods were concordant
(TE = 6.7 kPa and ARFI = 1.2 m/s), we obtained a high
specificity (93.3%) for predicting significant fibrosis (F =
2), also with a very good positive predictive value (96.8%),
so in those cases there was no need to petform LB before
initiating treatment. In our study group, 152/197 patients
had significant fibrosis (F = 2 Metavir) on LB. TE and
ARFI were concordant for significant fibrosis in 92 of
152 patients. Therefore, we could avoid 60.5% of the LBs
in our group of patients.

Also, by combining the two elastographic methods for pre-
dicting cirthosis (F4) (TE = 12.2 kPa and ARFI = 1.8 m/s),
the results were very good, with 94.4% Sp, 94.4% NPV
and 91.8% accuracy, so the combined methods are excel-
lent for confirming, but also for excluding the presence
of cirrhosis. In our study group, 53 patients had cirrhosis
(F = 4 Metavir on LB). TE and ARFI were concordant
for liver cirrhosis in 45 from the 53 patients with F = 4
on LB (84.9%).

Other published data tried to combine different nonin-
vasive methods for a better evaluation of liver stiffness. In
a study published in 2005 by Castera ez al™ 183 patients
with chronic HCV hepatitis were evaluated by LB, TE,
FibroTest and APRI. The best performance was obtained
by combining FibroScan and FibroTest, with areas under
the ROC curve of 0.88 for F = 2, 0.95 for F = 3, and 0.95
for F = 4. When FibroScan and FibroTest results agreed,
significant fibrosis (F = 2) was confirmed by LB in 84%
of the cases, severe fibrosis (F = 3) in 95% of cases, and
cirrhosis (F = 4) in 94% of the cases.

In another study published in 2010, Castera ef al™
evaluated two algorithms for liver fibrosis prediction:
one combined TE and FibroTest (Castera) and the other
APRI and FibroTest (SAFE biopsy). In all patients a
LB was performed. Significant fibrosis (FF = 2 Metavir)
was present in 76% of patients and cirrhosis (F4) in
25%. TE failure was observed in eight cases (2.6%). For
significant fibrosis, the Castera algorithm saved 23%
more liver biopsies than SAFE biopsy (71.9% vs 48.3%,
respectively, P < 0.0001), but its accuracy was signifi-
cantly lower (87.7% vs 97.0%, respectively; P < 0.0001).
Regarding cirrhosis, the accuracy of the Castera algo-
rithm was significantly higher than that of SAFE biopsy
(95.7% w5 88.7%, respectively; P < 0.0001). The number
of saved liver biopsies did not differ between the two
algorithms (78.8% vs 74.8%, P = NS).

Shahenn™ published a meta-analysis which compared
the performances of TE and FibroTest for the prediction
of liver fibrosis in patients with chronic HCV hepatitis.
Thirteen studies were identified, 9 regarding FibroTest
(1679 patients) and 4 regarding TE (546 patients). In het-
erogeneous analysis for significant fibrosis, the AUROC
curves for FibroTest and TE were 0.81 and 0.83, respec-
tively. At a threshold of approximately 0.60, the sensitiv-
ity and specificity of FibroTest were 47% (35%-59%)
and 90% (87%-92%). For TE (threshold approximately
8 kPa), corresponding values were 64% (50%-76%) and
87% (80%-91%), respectively. However, the diagnostic ac-
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curacy of both tests was associated with the prevalence of
significant fibrosis and cirrhosis in the study populations.
For cirrhosis, the summary AUROCs for FibroTest and
FibroScan were 0.90 and 0.95 (0.87-0.99).

In a study published in 2010 by Cross ez al™ 187
patients with chronic HCV hepatitis were evaluated by
means of LB, TE and the King score. Liver fibrosis was
scored using the Ishak score; significant fibrosis was de-
fined as Ishak fibrosis stage F3-F06, and cirrhosis defined
as Ishak fibrosis I'5-F6. The AUROC:s for TE, the King
score and TE + King score for the diagnosis of Ishak
F3-F6 were 0.83, 0.82 and 0.85, respectively and 0.96,
0.89 and 0.93, respectively, for the diagnosis of cirrhosis
(F = 5 Ishak). The negative predictive values for the
diagnosis of cirrhosis, using the optimal cut-off results
for TE (10.05 kPa), the King score (24.3) and the two
combined (26.1), were 98%, 91% and 94%, respectively.

Our study tried to establish whether the combination
of TE and ARFI could provide some advantages for the
evaluation of significant fibrosis in patients with chronic
hepatitis C in comparison with a single elastographic
method. By combining the two elastographic methods
(values both for TE and ARFI above the mentioned cut-
offs), the specificity increased (of course with lower sensi-
tivity), with very good PPV (96.3%) for significant fibrosis
(F = 2 Metavir). In our study group, 152/197 patients
had significant fibrosis (F = 2 Metavir) on LB. TE and
ARFI were concordant for significant fibrosis in 92 of
152 patients. Therefore, we were able to avoid 60.5% of
LB in our group of patients.

Also, by combining the two elastographic methods for pre-
dicting cirthosis (F4) (TE = 12.2 kPa and ARFI = 1.8 m/s),
the results were very good, with 94.4% Sp, 94.4% NPV
and 91.8% accuracy, so the combined methods are not
only able to confirm, but also to exclude the presence of
cirrhosis.

In conclusion, LS measurements assessed by means
of both TE and ARFI strongly correlate to histological
fibrosis in HCV patients. TE used in combination with
ARFI is highly specific (approximately 93%) for predict-
ing significant fibrosis (F = 2 Metavir), so that in pa-
tients with higher LS measurements than the proposed
cut-offs for both methods, liver biopsy could be avoided.
Also, in patients suspected of having severe fibrosis,
if both methods are concordant, they are very good
for confirming and excluding the presence of cirrhosis

(94.4% Sp, 94.4% NPV).

COMMENTS

Background

Non-invasive methods for fibrosis assessment in chronic hepatitis, such as tran-
sient elastography (TE), are accepted more and more, tending to replace the in-
vasive methods, especially in hepatitis C virus (HCV) chronic hepatitis. In the last
few years, studies were published regarding the use of acoustic radiation force
impulse (ARFI) elastography for fibrosis assessment in chronic hepatitis.
Research frontiers

Studies were published regarding the benefits of combining non-invasive methods
for fibrosis evaluation (serological tests with or without TE), but not regarding a
combination of elastographic methods (TE and ARFI).
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Innovations and breakthroughs

The aim of this study was to find out if by combining ARFI and TE the prediction
of fibrosis in patients with chronic HCV hepatitis can be improved, and the authors
concluded that TE used in combination with ARF! is highly specific for predicting
significant fibrosis; therefore when the two methods are concordant liver biopsy
can be avoided.

Applications

In this study that included 197 patients with chronic C hepatitis, LS measurement
by means of both TE and ARFI strongly correlated to the histological fibrosis. TE
used in combination with ARFI was highly specific (93.3%) for predicting signifi-
cant fibrosis (F = 2 Metavir); therefore in patients with higher LS measurements
than the proposed cut-offs for both methods, liver biopsy could be avoided (positive
predictive value 96.8%).

Terminology

TE (FibroScan) is an ultrasound-based method that uses the transmission of low-
frequency vibrations to create an elastic shear wave that propagates into the liver,
followed by the detection wave propagation velocity, which is proportional to the
tissue stiffness, with faster wave progression occurring through stiffer tissue. ARFI
technology involves targeting an anatomic region to be interrogated for elastic
properties, with the use of a region of-interest cursor, while performing real-
time B-mode imaging. Tissue from the region of interest is mechanically excited
to generate localized tissue displacements. The displacements result in shear-
wave propagation away from the region of excitation and are tracked by using US
correlation-based methods. The shear-wave propagation velocity is proportional
to the square root of tissue elasticity.

Peer review

This is a well written paper that looks at TE (a well studied technology for liver fi-
brosis) and acoustic radiation impulse force (a technology for which there is much
less clinical data). The data is well displayed.
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