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Abstract
Background & Aims: Antiviral therapy can stop 

progression of liver fibrosis and partially reverse it. Non-
invasive methods have shown good diagnostic accuracies for 
the assessment of liver fibrosis. First studies have shown that 
transient elastography (TE) can be used to monitor fibrosis 
after antiviral therapy. Acoustic-Radiation-Force-Impulse 
(ARFI)-Imaging is an elastography method integrated 
in a conventional ultrasound machine. The aim of the 
present study was to demonstrate a significant difference of 
ARFI–values in patients with sustained-virological-response 
(SVR) as compared to patients without. Method: Ninety-
eight patients infected with chronic hepatitis C virus (HCV) 
who had completed antiviral treatment were prospectively 
included in the study and received ARFI-imaging, TE and 
laboratory evaluation. Results: Significantly lower ARFI 
and TE values were observed for 47 patients with SVR 
as compared to 51 patients without SVR (1.37m/s vs. 
2.00,p=0.0021; 4.9 kPa vs. 11.1 kPa,p<0.001), respectively. 
Conclusions: Liver stiffness values and shear wave velocity 
using ultrasound-based elastography methods are different in 
patients with SVR as compared to patients without SVR after 
antiviral therapy for chronic hepatitis C. However, the causes 
of this difference (fibrosis regression, cytolysis, baseline 
fibrosis) remain unclear and require further evaluation in 
future studies. 
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Introduction
The aim of antiviral therapy for chronic hepatitis C is 

virus elimination. Studies have shown that sustained virologic 
response (SVR) after treatment can stop progression of liver 
fibrosis and partially even reverse it. In addition, partial 
regression of liver fibrosis has also been reported in patients 
with non-response and relapse to antiviral therapy with 
pegylated interferon and ribavirin [1, 2]. Furthermore, it is 
well-known that patients with less advanced liver fibrosis 
have a more favourable response to antiviral therapy [3, 
4]. Therefore, assuming an improvement of fibrosis stage 
after treatment and a less advanced fibrosis even before 
treatment, it can be expected that the degree of liver fibrosis 
after antiviral therapy is lower in patients with SVR than in 
patients without SVR.

Liver fibrosis can result in hepatocellular dysfunction, 
expansion of extracellular matrix with distortion of hepatic 
architecture, portal hypertension and finally liver cirrhosis 
[5]. Therefore, an estimation of the degree of liver fibrosis 
is important for the estimation of prognosis, surveillance, 
treatment decision and response in patients with chronic 
liver disease [6, 7]. Besides antiviral medication, antifibrotic 
drugs that directly aim at the reduction of liver fibrosis are 
under evaluation [8, 9]. 

At present, liver biopsy is still most commonly used 
as a reference standard for the assessment of liver fibrosis. 
However, it is an invasive method associated with patient 
discomfort and in rare cases with serious complications [10]. 
The accuracy of liver biopsy is limited due to intra- and 
interobserver variability and sampling errors [11]. Research 
has been focused on the evaluation of non-invasive methods 
for the assessment of liver fibrosis over the last years. To 
date, most studies have evaluated transient elastography 
(TE, FibroScan@, Echosens, France) [12-16] as well as the 
serological fibrosis markers FibroTest (FT) and aspartate-
aminotransferase-to-platelet-ratio-index (APRI) [17, 18]. 
Acoustic Radiation Force Impulse (ARFI)-Imaging (Siemens 
Acuson S2000, Virtual TouchTM tissue quantification, 
Siemens) is a novel ultrasound-based elastography method 
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which is integrated in a conventional ultrasound machine 
and can be performed with conventional ultrasound probes 
during an abdominal ultrasound scan. Results of a recent 
meta-analysis report good diagnostic accuracy of ARFI for 
the assessment of liver biopsy [19]. 

Studies evaluating non-invasive methods during antiviral 
therapy have reported a decline in liver stiffness values 
and serum fibrosis markers in patients with SVR as well 
as in patients with non-response or relapse. However, on 
follow-up, an increase in values is observed predominantly 
in patients without SVR [20-22]. 

The aim of the present study was to evaluate, whether 
similar differences in ARFI values could be observed 
in patients with SVR as compared to patients with non-
response/ relapse following antiviral therapy of chronic 
hepatitis C.

Material and methods 
The aim of the study was the comparison of ARFI-

imaging measurements in patients with sustained viral 
response and patients with non-response or relapse after 
antiviral therapy based on pegylated interferon and ribavirin 
for chronic hepatitis C. Antiviral therapy had to be completed 
at least 6 months before inclusion in the present study. A 
study protocol was prepared and approved by the local 
Ethical Committee. The primary statistical endpoint was to 
demonstrate a statistical difference in ARFI-measurements 
between both study groups: group 1: patients with SVR 
(defined as undetectable HCV RNA in serum more than 6 
months after the end of treatment); group 2: patients with 
non-response (defined as never being HCV RNA undetectable 
during treatment) or viral relapse (being HCV RNA negative 
during treatment and at the end of treatment, but with positive 
HCV RNA after the end of treatment) during a prior therapy 
with pegylated interferon plus ribavirin. 

Between July 2009 and January 2012, 98 patients aged 
≥18 years and infected with chronic hepatitis C virus, 
who received a pegylated interferon and ribavirin-based 
regimen and had completed antiviral treatment at least 6 
months ago, were prospectively included in the study. All 
patients received ARFI-imaging, transient elastography and 
laboratory evaluation on the same day. The examiners were 
blinded to previous liver histology results. Written informed 
consent was obtained from all patients.

Acoustic Radiation Force Impuls (ARFI)-Imaging
Acoustic Radiation Force Impulse (ARFI) imaging 

(Virtual TouchTM Tissue Quantification, Siemens ACUSON 
S2000) involves targeting of an anatomic region to be 
interrogated for elastic properties with a Region - of - Interest 
(ROI) cursor while performing real time B-mode imaging. 
Tissue at the ROI is mechanically excited using short-
duration acoustic pulses with a fixed transmit frequency of 
2.67MHz to generate localized tissue displacements in tissue. 
The displacements result in shear-wave propagation away 
from the region of excitation and are tracked using ultrasonic, 
correlation-based methods [23]. The maximum displacement 

is estimated for many ultrasound tracking beams laterally 
adjacent to the single push-beam. By measurement of the 
time to peak displacement at each lateral location, the shear 
wave speed of the tissue can be reconstructed [23]. The 
shear velocity is estimated in a central window graphically 
displayed with a size of 1 cm axial by 6 mm width. The 
shear wave propagation velocity is proportional to the square 
root of tissue elasticity [24, 25]. Results are expressed in 
m/s. ARFI-imaging is integrated in a conventional high-end 
ultrasound machine (Siemens S2000). 

ARFI-imaging was performed with a curved array at 4 
MHz for B-mode imaging. The examination was performed 
on the right lobe of the liver. An area was chosen where the 
liver tissue was at least 6 cm thick and free of large blood 
vessels. A measurement depth of 1-2 cm below the liver 
capsule was chosen to standardize the examination. Ten 
acquisitions at different locations within the right liver lobe 
were performed on each patient. ARFI-failure was defined 
as not successful ARFI-measurement after 10 attempts. The 
ARFI-imaging examination takes approx. 5 minutes. No 
limitations concerning measurement are known.

transient elastography (tE)
Transient elastography was performed using FibroScan® 

(Echosens, France). FibroScan is a specially developed 
machine enabling the performance of TE using an M-mode 
image for organ and measurement site localization. Transient 
elastography is performed with an ultrasound transducer 
probe mounted on the axis of a vibrator. A vibration 
transmitted from the vibrator towards the tissue induces 
an elastic shear wave that propagates through the tissue. 
These propagations are followed by pulse-echo ultrasound 
acquisitions and their velocity is measured which is directly 
related to tissue stiffness [26]. Details have been published in 
several studies [12-15]. The TE-examination takes approx. 
5 minutes. Ascites and obesity are the main limitations of 
the measurement [27, 28].

The examination was performed on the right lobe of 
the liver through the intercostal space. After the area of 
measurement was located, the examiner pressed the button of 
the probe to start the acquisition. The measurement depth was 
between 25 and 65 mm. As suggested by the manufacturer 
10 successful acquisitions were performed on each patient. 
Only TE-results obtained with 10 valid measurements, 
and with a success-rate of at least 60% were considered 
reliable. FibroScan failure is defined when less than 10 valid 
measurements are obtained. 

Biological parameters
The following biological parameters were recorded 

in each individual patient at the time of ARFI and 
TE measurements: serum alanine aminotransferase, 
albumin, alpha-2 macroglobulin, apolipoprotein A1, 
aspartate aminotransferase, total bilirubin, total cholesterol, 
serum creatinine, haptoglobin, hemoglobin, γ-glutamyl 
transpeptidase, INR, lactate dehydrogenase, and platelet 
count. Enzymatic activity was measured at 37°C in 
accordance with the International Federation of Clinical 
Chemistry standards.
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Fibrotest, a commercially available modified serum 
fibrosis test (BioPredictive, Paris, France) was performed 
in each patient and computed at the Biopredictive website 
(www.biopredictive.com) [29]. Security algorithms requiring 
the exclusion of patients at high risk for false-positive or 
false-negative Fibrotest results were respected [30, 31].

Liver histology
Liver histology was not part of the present cross sectional 

study. Nevertheless, all patient charts were checked for 
previous liver histology results. For 45 patients (46%) results 
of previous liver histology were available. Liver fibrosis 
stages were evaluated semi-quantitatively according to the 
Metavir scoring-system [32]. Liver fibrosis was staged on a 
F0-F4 scale: F0-no fibrosis, F1-portal fibrosis without septa, 
F2-portal fibrosis with few septa, F3-numerous septa without 
cirrhosis, F4-cirrhosis. Histological staging was performed 
prior to the inclusion in the present study; therefore, the 
pathologist was blinded to the results of the present study. 
The mean length of the included liver biopsies was 17mm 
(range 10-25mm).

statistical analysis
Statistical analysis was performed with BiAS for 

Windows, version 9.10, epsilon 2010, Frankfurt, Germany. 
For TE and ARFI-imaging the median of all 10 measurements 
per subject was calculated and used for further analysis. 
Values of TE and ARFI-imaging were not normally 
distributed and therefore expressed as median-values. 
Correlations were assessed by Spearman’s correlation 
coefficient. Since ARFI and TE-values were not normally 
distributed comparison of group 1 and 2 was performed using 
the non-parametric Wilcoxon-Mann-Whitney U-Test (two-
sides, level of significance α=5%) for quantitative values and 
two-sided Fisher´s exact test for qualitative characteristics. 
Furthermore, the comparison between group 1 and 2 was 
analyzed with a non-parametric test (van Elteren Test) 
stratified for pre-treatment histological results.

Sample size calculation was also based on the assumption 
of assessing the primary endpoint with a non-parametric 
test (Wilcoxon-Mann-Whitney U-test, two-sided, level of 
significance α=5%). According to previous study results 
published for TE and FT, it was assumed, that patients with 
SVR (group 1) have a probability of at least 70% to achieve 
a better test result than patient without SVR (group 2). The 
inclusion of 44 patients in each group could therefore reach 
the primary endpoint with a statistical power of  90%. Taking 
into account a drop-out rate of approx. 5% due to ARFI-
measurement failure, an overall sample size of 94 patients 
was calculated with 47 patients per group.

Results 

A total of 98 consecutive patients (mean age 54 ± 11 
years; age range 26-77 years) were included in the study. 
ARFI imaging, TE and Fibrotest were performed on the 
same day in all patients. 

The group of patients with non-response/relapse was 

significantly older, and comprised more males than the 
SVR group of patients. No significant difference was 
found between both groups concerning the ethnicity, BMI, 
genotype, duration of liver disease, duration between end of 
antiviral therapy and study inclusion. 

For 45 patients (46%), results of previous liver histology 
prior to antiviral therapy were available, and no significant 
difference was found between the group with SVR and the 
group with non-response/relapse concerning histological 
fibrosis stage.

Aspartate aminotransferase, ALT, GGT, bilirubin, INR 
were significantly higher and platelet count significantly 
lower in the group of patients with non-response/relapse as 
compared to patients with SVR. Patients’ characteristics and 
laboratory values are shown in detail in Table I.

Ten ARFI values were successfully obtained in all 98 
patients with a median shear wave velocity of 1.60 m/sec. 
ARFI values were significantly lower in the group of 
patients with SVR as compared to patients without SVR 
(non-responder/relapse) (Table II, Fig. 1). 

Fig 1. Bar diagram of median ARFI values in the overall patient 
groups and in the subgroup of patients with SVR and patients with 
Non-Response/Relapse. The difference between the two subgroups 
was statistically significant (p=0.0021).

Ten valid TE measurements were obtained in 93 of 98 
patients with a failure rate of 5%. In addition, 2 patients 
were excluded due to a success rate of less than 60%. 
Therefore, 91 patients could be analysed concerning TE 
in the present study. Also for TE, Fibrotest and APRI a 
significant difference was observed between both groups 
with significantly lower TE values in the group of patients 
with SVR. Details are shown in Table II and Fig. 2. 

From 96 patients laboratory values were available to 
calculate Fibrotest. However, one patient showed signs of 
haemolysis and was therefore excluded. Therefore, Fibrotest 
was analyzed in 95 patients (46 in the group of patient with 
SVR and 49 in the group of patients with non-response/
relapse) (Table II).

A significant correlation could be found between all non-
invasive markers: ARFI with TE (r=0.64, p=0.00000020), 
ARFI with APRI (r=0.51, p=0.00000018), ARFI and 
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Fibrotest (r=0.54, p=0.000000030), TE with APRI (r=0.74, 
p=0.00000020), TE and Fibrotest (r=0.73, p=0.00000020), 
and Fibrotest with APRI (r=0.81, p=0.00000020).

table I. Patients’characteristics

Characteristics All Patients (n= 98) SVR (n= 47) Non-Response/ 
Relapse (n=51)

p-value

Patient age (years) 
Mean ± SD (range) 
Median

54 ± 11 (26-77) 
55

50 ± 10 (30-70) 
51

57 ± 11 (26-77) 
58

0.0028

Male gender, n (%) 52 (53) 18 (38) 34 (67) 0.0081

Caucasian ethnicity, n (%) 92 (94) 43 (91) 49 (96) 0.42

HCV genotype, n (%) 
1a 
1b 
2 
3 
4

32 (33) 
51 (52) 
3 (3) 
9 (9) 
3 (3)

12 (26) 
25 (53) 
3 (6) 
6 (13) 
1 (2)

20 (39) 
26 (51) 
0 (0) 
3 (6) 
2 (4)

0.20 
0.84 
0.11 
0.30 
1.00

Known duration of liver disease (years) 
Mean ± SD (range) 
Median

13 ± 9 (2-41) 
11

12 ± 9 (1.5-32) 
10

14 ± 8 (3-41) 
12

0.085

Time between end of treatment and study 
inclusion (weeks), mean ± SD (range)

138 ± 116 (24-516) 120 ± 95 (24-310) 36 ± 31 (24-516) 0.41

Patients with previous liver biopsy, n(%) 
F0
F1 
F2 
F3 
F4

45 (46) 
3 (7) 

15 (33) 
14 (31) 
6 (13) 
7 (16)

26 (55) 
2 (8) 

12 (46) 
6 (23) 

3 (11.5) 
3 (11.5)

19 (37) 
1 (5) 
3 (16) 
8 (42) 
3 (16) 
4 (21)

0.057

Time between liver biopsy and study inclusion 
(years), mean ± SD (range)

4.2 ± 2.3 (1.5-9) 3.5 ± 2.2 (1.5-9) 4.9 ± 2.4 (1.5-9) 0.13

HCV-RNA (IU/mL), mean ± SD (range) negative 3,844464 ± 7,253096 
(24900-47,500000)

<0.000001

AST (U/l), mean ± SD (range) 58 ± 51 (15-273) 28 ± 10 (19-71) 86 ± 57 (15-273) <0.000001

ALT (U/l), mean ± SD (range) 59 ± 56 (6-343) 27 ± 16 (6-71) 89 ± 62 (12-343) <0.000001

GGT (U/l), mean ± SD (range) 75 ± 97 (9-535) 35 ± 55 (9-366) 112 ±112 (15-535) <0.000001

Total bilirubin (mg/dl), mean ± SD (range) 0.83 ± 0.99 (0.1-5.6) 0.64 ± 0.70 (0.1-4.7) 1.01 ± 1.17 (0.2-5.6) 0.0045

INR, mean ± SD (range) 1.13 ± 0.32 (0.89-3.5) 1.02 ± 0.07 (0.89-1.34) 1.22 ± 0.41 (0.92-3.5) <0.000001

Platelet count (x103/mm3), mean ± SD (range) 194 ± 81 (37-376) 240 ± 66 (71-376) 153 ± 71 (37-321) <0.000001

BMI (kg/m2), mean ± SD (range) 26 ± 4 (15-38) 26 ± 5 (15-38) 26 ± 4 (16-33) 0.78

SVR = sustained virological response; SD= standard deviation; INR= international ratio

Fig 2. Bar diagram of median TE values in the overall patient 
groups and in the subgroup of patients with SVR and patients with 
Non-Response/Relapse. The difference between the two subgroups 
was statistically significant (p<0.000001).

In the overall study population no significant correlation 
was found for the time interval between the end of antiviral 
therapy and study inclusion on the one hand and ARFI 
(r=0052, p=0.61), TE (r=-0.02, p=0.84), Fibrotest (r=0.095, 
p=0.36), and APRI (r=0.19, p=0.062) on the other hand. Also 
no significant correlations concerning the same variables 
were found in the two subgroups. 

For 45 patients, results of previous liver histology was 
available. The mean time interval between liver biopsy 
and study inclusion was 4.2 years. No liver histology was 
available in any patient after antiviral therapy. Therefore, 
in a subanalysis (Table III) TE, ARFI and Fibrotest were 
compared between the groups using published cut-off for 
non-invasive fibrosis assessment. Hereby, no significant 
difference in liver stiffness values for TE and shear wave 
velocity for ARFI could be observed between the group of 
patients with SVR as compared to patients without SVR. 
However, using the Fibrotest, significantly lower levels 
were found in the group of patients with SVR as compared 
to the group of patients without SVR. Details are shown in 
Table III.
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table II. ARFI, TE, Fibrotest and APRI results

Characteristics All Patients SVR Non-Response/ Relapse p-value

Transient Elastography (kPa) 
Mean ± SD 
Median 
Range

n=91 
13.35 ± 15.64  

6.50 
1.80-69.10

n=43 
6.81 ± 6.77 

4.90 
1.80-37.40

n=48 
19.63 ± 18.79 

11.10
3.30-69.10

<0.000001

ARFI (m/s) 
Mean ± SD  
Median 
Range

n=98 
1.95 ± 0.96 

1.60 
0.60-6.86

n=47 
1.67 ± 0.83 

1.37 
0.60-4.70

n=51 
2.21 ± 1.00 

2.00 
0.60-6.86

0.0021

FibroTest 
Mean ± SD 
Median 
Range

n=95 
0.48 ± 0.30 

0.47 (F1-F2) 
0.03-0.99

n=46 
0.29 ± 0.22 

0.24 (F0-F1) 
0.03-0.90

n=49 
0.66 ± 0.36 
0.72 (F3) 
0.08-0.99

<0.000001

APRI 
Mean ± SD  
Median  
Range

n=98 
1.10 ± 1.41 

0.41 
0.17-7.03

n=47 
0.33 ± 0.27 

0.27 
0.17-2.00

n=51 
1.81 ± 1.65 

1.26 
0.22-7.03

<0.000001

ARFI= Acoustic Radiation Force Impulse Imaging; TE= transient elastography; APRI= aspartate-aminotransferase-to-platelet ratio

table III. Comparison of ARFI, TE, Fibrotest results in both groups after 
stratification according to pre-treatment liver histology results

Characte-
ristics

Patients with liver biopsy p-
value

TE (n=44, SVR n=26, Non-Response/Relapse n=18) 
Fibrosis stages ≤ 1, 2, 3, ≥4: n=10, 8, 13, 13

0.081

ARFI (n=45, SVR n=26, Non-Response/Relapse n=19) 
Fibrosis stages ≤ 1, 2, 3, ≥4: n=10, 9, 13, 13

0.591

Fibrotest (n=43, SVR n=25, Non-Response/Relapse n=18) 
Fibrosis stages ≤ 1, 2, 3, ≥4: n=10, 8, 13, 12

0.0056

ARFI= Acoustic Radiation Force Impulse Imaging; TE = transient 
elastography

Discussion

Previous histological studies have shown that antiviral 
therapy can stop progression of liver fibrosis and partially 
reverse it [1, 2]. Furthermore, fibrosis stage is an important 
predictor of antiviral response [3, 4]. Therefore, fibrosis 
stage can be expected to be favourable in patients with SVR 
compared to patients without SVR.

With the development of non-invasive methods for the 
assessment of liver fibrosis the acceptance of liver biopsy by 
patients infected with chronic hepatitis C is decreasing. In 
addition, non invasive methods have not only shown good 
diagnostic accuracies for the assessment of liver fibrosis 
[12-16, 19], but have also shown similar results to liver 
biopsy for the prediction of long-term survival [33-35]. In 
the present cross-sectional study, we could demonstrate that 
patients with SVR after antiviral therapy with pegylated 
interferon-alfa and ribavirin have significantly lower liver 
stiffness values and serum fibrosis markers measured non-
invasively as compared to patients with non-response or 
relapse. In addition, to our knowledge this is the first study 
demonstrating the feasibility of ARFI for this indication.

Few studies have evaluated transient elastography 
during and after antiviral therapy [21, 22]. Vergniol et al 
[21] evaluated TE and Fibrotest in a French study with 416 
patients infected with chronic hepatitis C, of which 112 
received antiviral therapy. While TE and Fibrotest values 
were significantly higher in the treatment group before 
and after treatment than in untreated patients at baseline 
and after 1 year, no significant difference was observed 
between treated and untreated patients at the end of follow-
up. Transient elastography and Fibrotest values dropped in 
all treated patients independent of their virological response 
and the only factor independently associated with a drop in 
TE values was antiviral therapy. Ogawa et al [22] performed 
a study with 145 Japanese patients infected with chronic 
hepatitis C and performed TE at baseline, at the end of 
antiviral therapy, and at 48 and 96 weeks after the end of 
antiviral therapy. TE values fell in all treated patients during 

antiviral therapy; however they decreased significantly more 
in SVR patients as compared to non-SVR patients. After 96 
weeks TE values fell further in patients with SVR, while TE 
values increased again in patients without SVR. This again 
supports the fact that TE is influenced by necroinflammatory 
activity in the liver, which decreases during antiviral therapy, 
so that actual fibrosis measurement is only possible during 
long term follow-up. In the present study, the significant 
difference between patients with SVR and patients with 
non-response/relapse supports this assumption, since the 
mean time duration between the end of antiviral therapy and 
inclusion in the present study was 138 weeks. No significant 
correlation could be found between TE and ARFI values with 
the mean time duration between end of antiviral therapy and 
inclusion in the present study. Nevertheless, no statement can 
be made concerning the reason for the different liver stiffness 
measurements and shear wave velocities between the group 
of patients with SVR and the group of patients without SVR. 
Possible reasons beside reduction in fibrosis, are reduction in 
necroinflammatory activity, cytolysis or baseline difference 
in histology. Therefore, larger studies including multivariate 
analysis are required to further clarify this assumption.

The advantage of ARFI-imaging as compared to TE is 
that the measurement site can be visualized with B-mode 
ultrasound and this allows more exact measurement of 
liver tissue by excluding small non-parenchymatous areas 
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within the measurement site. ARFI can be performed at 
different measurement sites in the left and right liver lobe 
which might even enable a better overall estimation of liver 
fibrosis gaining a better overall distribution of liver stiffness. 
This assumption needs further investigation; optimally, 
multiple biopsies would be needed from different locations 
to compare liver histology directly with ARFI-imaging 
performed at different locations within the liver. Another 
advantage to TE is that ARFI can be performed in obese 
patients, as well as in patients with ascites, and therefore 
more patients can be evaluated with this method. Also in the 
present study 5% of measurement failures were observed for 
TE, while all patients could be successfully evaluated with 
ARFI. In addition, patients with chronic hepatitis C require 
regular ultrasound examinations at least once per year. Since 
ARFI is integrated in a conventional ultrasound machine, 
ARFI and ultrasound examination could be performed with 
the same machine. 

A limitation of the present study is that it was performed 
as a cross-sectional study and not as a longitudinal one. 
No baseline non-invasive liver fibrosis assessment was 
available. It is well known that advanced liver fibrosis 
is a predictor of poor treatment response [3, 4], and the 
present study is not powered to discriminate this influence. 
However, histological fibrosis measurement prior to study 
inclusion was available in 46% of patients in the present 
study and was not significantly different between the two 
study groups. As the time difference between liver biopsy 
and study inclusion was 4 years, fibrosis progression would 
be expected with an estimated rate of 0.085-0.120 fibrosis 
stages on the METAVIR scoring system per year [36] in 
both groups. Future larger longitudinal studies with baseline 
assessment of liver stiffness, as well as measurement over 
a period of up to five years should be performed to further 
elucidate the association of changes in liver stiffness and 
shear wave velocity with liver fibrosis changes. In addition 
TE and ARFI were measured at different locations within 
the liver and are therefore not directly comparable. However, 
different measurement locations were chosen on purpose for 
ARFI since histological liver fibrosis distribution is unequal 
within the liver parenchyma.

Conclusion 

Liver stiffness values using TE, shear wave velocities 
using ARFI and serum fibrosis marker values were 
significantly lower in patients with SVR as compared to 
patients without SVR after antiviral therapy for chronic 
hepatitis C. However, the cause of this difference (fibrosis 
regression, cytolysis, baseline fibrosis) remains unclear and 
requires further evaluation in future studies. 
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