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ABSTRACT

Background/Aims: Two-dimensional shear-wave (2D-SWE) elastography is one of the noninvasive methods for the evaluation of liver
fibrosis. The purpose of this study is to investigate the changes in liver stiffness (LS) by employing 2D-SWE as well as its correlation
with noninvasive fibrosis markers in patients with chronic hepatitis C (CHC), who are undergoing direct-acting antiviral (DAA) therapy.
Materials and Methods: The researchers included all the patients with CHC who are scheduled for DAA treatment in this study. 2D-SWE
measurements were performed at baseline, end of treatment (EOT), and 12 weeks after the treatment. According to the latest EFSUMB guide-
lines, elastography measurements were performed during the ultrasonographic evaluation and recorded in kilopascals (unit). The correlation
between biochemical and viral responses, and noninvasive fibrosis scores (FIB-4, AST-to-platelet ratio index (APRI)) was also evaluated.
Results: This study employed 230 patients who underwent treatment with DAAs between September 2016 and September 2017. How-
ever, 131 patients were able to complete the study, of which 48 (36.6 %) were male and 83 (63.4 %) were female. The mean age was 65.0
(£11.18) years. Both EOT and sustained viral response (SVR) had the same rate of 99.2% (130/131). The SWE measurement (mean) val-
ues at pretreatment, EOT, and 12 weeks after treatment was 12.92, 10.45, and 9.07 kPa, respectively (p<0.05), whereas the APRI scores
were 0.76, 0.39, and 0.30, respectively (p<0.05). Additionally, the FIB-4 scores at pretreatment, EOT, and 12 weeks after treatment were
2.98, 2.43, and 2.03, respectively (p<0.05). The results of liver stiffness measurements (LSM) were similar in all the groups of cirrhotic,
noncirrhotic, treatment-experienced, and treatment-naive patients.

Conclusion: DAA treatments in the patients with CHC led to almost a complete SVR and a considerable decrease in LS in a short time.
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INTRODUCTION

The hepatitis C virus (HCV) is a primary cause of chron-
ic liver disease globally with substantially high morbidity
and mortality rates (1). Approximately 70-80 million in-
dividuals are chronically infected with HCV worldwide.
Chronic hepatitis C (CHC) causes an increased accumu-
lation of fibrous tissues in the liver, thereby resulting in
cirrhosis, portal hypertension, hepatic insufficiency, and
hepatocellular carcinoma (2). Hepatic fibrosis increases
with the progression of disease. The stage of liver fibro-
sis needs to be evaluated in patients with CHC, especially
for prognosis, disease management, and determination
of the optimal treatment response (3-5). Although liver
biopsy is still the gold standard method for the evaluation
of inflammation and fibrosis, it is an invasive procedure
that is not preferred by patients (6, 7). Additionally, the
obtained piece in this test represents a small portion of

the liver, which can increase the possibility of sampling
errors. Therefore, noninvasive assessment methods were
developed for the evaluation of liver fibrosis. These pro-
cedures include some blood-based methods such as
AST to platelet ratio index (APRI), FIB-4, and so on (8,
9). Noninvasive fibrosis serum markers and ultrasonog-
raphy-based elastography methods [shear-wave elas-
tography (SWE)] have gained prominence for the eval-
uation of liver fibrosis in chronic liver diseases with viral
etiologies (5, 10). Elastography (SWE) is a method that is
used to estimate the biomechanical features associated
with elastic restoring forces generated in the tissues in
response to the applied shear stress. A force generated
manually (by pressing on or vibrating the skin over the
organ) or electromechanically (by an ultrasound probe)
causes a reversible micron-level change in the shape of
the tissue at a constant depth. Hard tissues are displaced
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less than soft tissues, and these tissue displacements can
be measured by employing elastographic methods (11).
The first elastographic method used for the evaluation of
liver fibrosis is transient elastography (TE) (12). TE is quite
sensitive in identifying and excluding cirrhosis in patients
with chronic liver diseases of different etiologies (12).
Recently, other forms of SWE methods, apart from TE,
have emerged as assessment tools of liver fibrosis. Some
studies have shown that 2D-SWE has a higher applica-
bility than the reference elastography method and is less
affected by inflammation and steatosis, especially in the
early stages of fibrosis (13, 14).

Nowadays, the treatment of HCV has evolved from in-
terferon (IFN)-based therapies to oral administration
of drugs, known as direct-acting antiviral (DAA) agents.
These drugs directly target the virus-specific proteins and
have revolutionized the treatment of chronic HCV (15).
The purpose of this study is to investigate the changes
in liver stiffness (LS) by employing 2D-SWE as well as its
correlation with noninvasive fibrosis markers in patients
with chronic hepatitis C (CHC), who are undergoing di-
rect-acting antiviral (DAA) therapy.

MATERIALS AND METHODS

This is a prospective, cross-sectional cohort study. The
researchers of this study invited all patients scheduled
for DAA treatment with CHC diagnosis at their clinic. The
researchers included both the patients with and with-
out cirrhosis along with naive and experienced patients
undertaking the administration of IFN and protease in-
hibitors (Boceprevir or Telaprevir) in this study. Exclusion
criteria were as follows: patients with ascites or chronic
renal failure and patients who did not wish to participate
study. Although ascites do not interfere with 2D-SWE
measurement (unlike with TE), patients with ascites
were excluded from this study to avoid conflict. In addi-
tion, the researchers also excluded patients with alcohol
consumption of more than 80 g/day, severe fatty liver,
hepatotoxic drugs, autoimmune hepatitis, primary biliary
cirrhosis, hemochromatosis, or Wilson's disease in this
study. The Ethical Committee granted their approval for
this study and forms of informed consent were obtained
from the patients before being included in the study.
Patients were grouped as cirrhotic, noncirrhotic, treat-
ment-naive, and treatment-experienced. Furthermore,
the patients were also grouped according to the started
treatment regimen [ledipasvir/sofosbuvir (L/S) combina-
tion or ritonavir, ombitasvir, paritaprevir, and dasabuvir
(3D) combination]. Biochemical and virologic parameters
(HCV RNA, ALT, serum albumin, etc.) were obtained in ev-

ery three months, and noninvasive fibrosis markers (FIB-
4 and APRI scores) were calculated. 2D-SWE measure-
ments were performed at baseline, end of treatment, and
three months after the treatment. Ultrasound examina-
tions and elastography measurements were performed
by using ultrasonography device with shearwave feature
(Aplio 500, Toshiba, Tokyo, Japan). According to EFSUMB
criteria, the same practitioner (SY) took the elastography
measurements during the ultrasonographic evaluation
of these patients. The patients undertook fasting for at
least 6-8 h fasting, which was followed by 10-min rest.
They laid on their back, and the right intercostal space for
the right lobe of liver was examined for anomalies (11).
An SWE measuring window on the monitor was placed
on 1-3 cm below the capsule within the liver tissue. The
practitioner achieved ten measurements in the kilopascal
unit, and their mean was recorded as the valid measure-
ment. The correlation between the biochemical and viral
parameters was also evaluated.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS)
version 21 (IBM Corp.; Armonk, NY, USA) was employed
for statistical analyses, and a p value less than 0.05 was
accepted as valid for this study. The repeated measures
ANOVA test was used to evaluate the changes in LSM,
APRI, and FIB-4 measurements at different time intervals
(at pretreatment, end of treatment, and 12 weeks after
treatment cessation). The LSM and other variables (APRI
and FIB-4) were investigated by using histograms to de-
termine their normal distribution. Because all parameters
were normally distributed, Pearson test was used to cal-
culate their correlation coefficients and their significance.

RESULTS

The researchers invited 230 patients who were admin-
istered with DAA agents in the department between
September 2016 and September 2017 to participate in
this study. Patients with ascites (eight patients) were
excluded. In total, 43 patients did not agree to partic-
ipate in the study; the most probable reason was not
to attend the time-consuming, repetitive LSMs. Finally,
179 patients agreed to participate. However, only 131
patients attended the LSM on time and completed the
study (Figure 1). The mean age of the patients was 65.0
(£11.18) years. Of the total 131 patients, 48 (36.6%) pa-
tients were male and 83 (63.4%) were female; 51 pa-
tients were treatment naive, 61 had experienced treat-
ment with PEG-IFN, and 19 had experienced treatment
with protease inhibitor and PEG-IFN. Of the total 131
patients, 28 patients were cirrhotic and 103 were non-
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Figure 1. Flow chart of the patients. A total of 230 patients with
CHC, who were treated with DAAs, were included, and a total of 131
patients completed the study. CHC: Chronic hepatitis C; DAA: direct-
acting antivirals; SWE: shear-wave elastography.

cirrhotic. Apart from two patients (one genotype 2 and
one genotype 4), all patients (n=129) had HCV genotype
1. The initial HCV RNA mean in the overall group was
2.35x108+5.36x108 IU/mL. Moreover, 94 patients were
treated with a combination of ledipasvir/sofosbuvir and
37 with a combination of ritonavir, ombitasvir, paritapre-
vir, and dasabuvir (3D). Ribavirin was added to the treat-
ment for 23 patients. DAA regimes were administered in
55 and 76 patients for 12 and 24 weeks, respectively. The
mean serum alanine aminotransferase (ALT) levels in the
overall group at pretreatment, EOT, and 12 weeks after
the treatment cessation were 34.6, 19.6, and 14.6 |U/L,
respectively (p<0.05; Table 1). The mean serum aspar-
tate aminotransferase (AST) levels in the overall group
at pretreatment, EOT, and 12 weeks after the treatment
cessation were 38.5, 22.5, and 19.5 IU/L, respectively
(p<0.05; Table 1). There was an increase in the serum al-
bumin level, whereas the serum total bilirubin had a sta-
tistically insignificant decrease (Table 1). At the end of
the DAA treatment, the viral response was achieved in
130 of 131 patients (99.2%), and the SVR after 12 weeks
of treatment cessation was the same. Similarly, APRI and
FIB-4 scores showed considerable improvement with
treatment (Tablel, Figures 2, 3).

Results of LS measurement

A notable decrease was observed in the LS measure-
ments of patients receiving DAA therapy, which was also
sustained in the subsequent measurements (Table 2, Fig-
ures 4-6). The change in FIB-4 and APRI results shared a
correlation with the LSM. Table 3 and 4 present the cor-
relation coefficients between LSM (kPa) and FIB-4 and
APRI scores, respectively.

Table 1. Serum AST, ALT, albumin levels, and APRI and FIB-4 scores at pretreatment, EOT and 12 weeks after the treatment.

Parameter Pretreatment EOT 12 weeks after treatment p

ALT (U/L) 34.6 19.6 14.6 <0.05
AST (U/L) 38.5 225 195 <0.05
Serum bilirubin (mg/dL) 0.76 0.63 0.61 0,07
Serum albumin (mg/dL) 4.09 417 4.29 <0.05
Platelet Count (x1000/mm?) 181 194 193 <0.05
Mean APRI (all groups) (n=131) 0.76 0.39 0.30 <0.05
Mean APRI (cirrhotic) (n=28) 1.32 0.66 0.46 <0.05
Mean APRI (noncirrhotic) (n=103) 0.61 0.31 0.25 <0.05
Mean FIB-4 (all groups) (n=131) 2.98 2.43 2.03 <0.05
Mean FIB-4 (cirrhotic) (n=28) 5.31 4.65 3.54 <0.05
Mean FIB-4 (noncirrhotic)(n=103) 2.35 1.82 1.61 <0.05

EOT: end of treatment: ALT: Alanine Aminotransferase: AST: Aspartate Aminotransferase
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Table 2. Liver stiffness measurements, overall and in the subgroups, at pretreatment, EOT, and 12 weeks after the treat-
ment cessation.

Liver stiffness (kPa) Liver stiffness (kPa) Liver stiffness (kPa)

Subgroups (pretreatment) (EOT) (12 weeks after treatment) p

Over all (n=131) 12.92 10.45 9.07 <0.05
Cirrhotic (n=28) 16.13 12.60 10.98 <0.05
Noncirrhotic (n=103) 11.94 9.79 8.48 <0.05
Ledipasvir/Sofosbuvir treatment (n=94) 13.64 10.71 9.38 <0.05
3D treatment (n=37) 10.38 9.51 7.93 <0.05
Treatment naive (n=51) 12.56 10.44 8.61 <0.05
Treatment experienced (n=80) 13.09 10.45 9.28 <0.05

EOT: end of treatment: kPa: kilo pascal
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Figure 6. Liver stiffness measurements (kPa) by time for individuals.

Table 3. Pearson correlation coefficient values for liver
stiffness measurements (kPa) and FIB-4 results at the time
point of pretreatment, EOT, and 12 weeks after the EOT.

Liver Stiffness (kPa) and FIB-4  correlation coefficient p

pretreatment 0.499 <0.05
EOT 0.314 <0.05
12 weeks after the EOT 0.329 <0.05

kPa: kilo pascal: FIB-4: fibrosis 4: EOT: end of treatment

Table 4. Pearson correlation coefficient values for liver
stiffness measurements (kPa) and APRI results at the time
point of pretreatment, EOT, and 12 weeks after the EOT.

Liver Stiffness (kPa) and APRI  correlation coefficient p

Pretreatment 0.246 <0.05
EOT 0.214 <0.05
12 weeks after the EOT 0.300 <0.05

kPa: kilo pascal: APRI: AST to platelet ratio: EOT: end of treatment

DISCUSSION

We observed a considerable decrease in LS in patients,
who responded to DAA therapy, right after the treatment
in a relatively short time. This improvement sustained in
patients with SVR after the treatment. This decrease was
preserved in both cirrhotic and noncirrhotic subgroups.
LS alteration after antiviral treatment has already been
published in several studies by using various elastography
techniques. A previous study evaluated the effects of
treatment on LS in patients with CHC who received PEG-
IFN and were assessed by TE. Additionally, this treatment
induced a considerable decrease in LS (16).

TE had been employed for the evaluation of LS for several
years. Today, there are several ultrasonographic real-time
SWE-based (ARFI, point SWE, 2D-SWE, and 3D-SWE)
systems. The comparison of these systems revealed that
they are all same in LS assessment, even the diagnostic
performance for 2D-SWE was better than for TE (14, 17-
19).

In addition, 2D-SWE measurement is more convenient
than TE because it images LS in real time, is not limited
to a single location, and is accompanied by a higher frame
rate of B-mode ultrasonographic imaging (13, 14). Apart
from this, shear-wave penetrations of several centime-
ters are needed as surface mechanical sources to create
shear waves in TE, unlike ultrasound-based 2D-SWE LSM,
in which shear waves are generated by US beams (11). In-
stead, the 2D-SWE LSM with a clearer and real-time view
of the region of interest in liver tissue may be expected to
be more useful than TE in this regard.

This study showed that the decrease in mean LSM (kPa)
was also consistent with the improvements in viral and
biochemical responses along with APRI and FIB-4 scores.
This normalization of APRI and FIB-4 scores is most-
ly correlated with ALT and AST, which are the determi-
nants of these scores (20, 21). Because these scores are
non-invasive, reproducible, and well correlated with clin-
ical results, they are generally accepted in the evaluation
of liver fibrosis (22).

A very similar study (just like ours) from Japan (23), in a
similar way, reported that there was a notable improve-
ment in LS and fibrosis markers with the administration
of daclatasvir-asunapravir in patients with CHC.

The main limitation of our study is the lack of the simul-
taneous liver biopsies accompanying the elastographic
measurements for LS. Because liver biopsy was not per-
formed in this study, it was difficult to suggest that the
correction in elastography was accompanied by a histo-
logical improvement. A successful antiviral therapy was
expected to improve liver fibrosis and, then, accordingly
decrease LSM. In SWE, the measurement of LS is also
determined by inflammation and congestion, apart from
liver fibrosis. Therefore, the reduction in LSM may also be
due to both decreased liver fibrosis and/or inflammation.
This observation explains the similarity in LSM between
the cirrhotic and noncirrhotic groups in this study.

The patients in this study were mostly female. No statis-
tically significant difference in age was observed between
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females (67.7+10.7 years) and males (60.4+10.3 years)
(p=0.874). No statistically significant difference between
female and male patients was found during their SWE
measurements (13.2, 9.7, and 6.5 kPa for females, and
11.3, 9.1, and 5.4 kPa for males; p=0.456). Studies have
shown that body mass index and gender do not affect
measurements (11).

In conclusion, DAA agents have revolutionized the treat-
ment of CHC and obtained a higher SVR. Once again, this
study shows that this response was associated with an
improvement in LS. This may be particularly crucial for
the patients with a high risk of hepatic decompensation
and HCC development.
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