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Non-Invasive Reliable Methods to Objectify the Positive 
Influence of Hepatitis C Virus Treatment  

on Liver Stiffness

Florian Berta, c, Jona Theodor Stahmeyerb, Andra-Livia Parpaleaa, Siegbert Rossola

Abstract

Background: Chronic active hepatitis C virus (HCV) infection is a 
major public health problem and causes liver fibrosis (LF) up to liver 
cirrhosis (LC). LF can be estimated by non-invasive, easy handling 
methods. With implementation of new HCV therapies, elimination 
rates of HCV are near 100%, resulting in less clinical complications 
and costs. The aim of our study was to evaluate the positive influence 
of HCV treatment on liver stiffness by non-invasive assessments of 
LF.

Methods: Sixty-two patients with HCV were treated with antiviral 
drug regimes. Serological fibrosis scores and ultrasound elastography 
(acoustic radiation force impulse and shear wave elasticity imaging 
(ARFI-SWEI)) were used for LF assessment on day 0 and 6 months 
after therapy.

Results: Antiviral treatment was successful in all cases. ARFI-SWEI 
measurements showed an improvement of all LF stages. Results of se-
rological markers and scores were heterogeneous. Significant positive 
effects of treatment were seen for aspartate aminotransferase-to-platelet 
ratio index (APRI) and fibrosis-4 (FIB-4) scores, only. Further Pear-
son’s coefficient showed moderate till very high correlations for ARFI-
SWEI and FIB-4/APRI scores.

Conclusion: Today HCV therapy is able to cure HCV. Positive influ-
ences are improvement of LF stages. ARFI-SWEI, APRI and FIB-4 
score are useful, easy handling tools to verify positive influence of 
HCV treatment on LF alone or in combination.
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Introduction

Chronic active hepatitis C virus (HCV) infection is a major 
public health problem and results in significant disease bur-
den for individuals as well as healthcare systems. World-
wide, up to 170 million individuals are infected with HCV, 
representing 2% of the total population [1]. Almost three to 
four million individuals per year become newly infected with 
HCV, with up to 35% developing liver cirrhosis (LC) after 20 
- 25 years of infection [2]. HCV is related to 500,000 deaths 
annually [3, 4].

The prevalence differs in various countries, with the high-
est levels in Asia, North Africa and the sub-Saharan region of 
Africa (i.e., Egypt 14.7%) [5] and lower levels in the Western 
world (i.e., UK and Germany 0.4-0.9 %, German metropolitan 
areas 2.7%, USA 11.1%) [6-9].

Often, HCV infection is asymptomatic and chronic in the 
majority of patients (80%); diagnosis is delayed until more 
advanced stages of fibrosis are present [10]. Until today, six 
different subtypes (genotypes (GTs)) are known [11]. A vac-
cination against HCV does not exist.

Nowadays, screening approaches have become more im-
portant since treatment of HCV has significantly improved. 
Evidence is accumulating that these therapies provide a cost-
effective means to reduce the morbidity and mortality associ-
ated with chronic HCV infection [3, 12]. With implementation 
of triple therapy, elimination rates of HCV increased with sus-
tained viral response near 100% [1, 13].

HCV infection leads to liver fibrosis (LF) up to LC and/or 
hepatocellular carcinoma (HCC) and reduced life expectancy 
[9, 14-18]. Successful treatment of HCV infection stops LF 
progression and partially reverses it [19, 20].

In the past, the diagnosis and follow-up of progressive LF 
by HCV based on histological examination used liver biopsy 
(LB) as “gold standard” [21]. Because this procedure has poor 
tolerance for many patients and is not practicable in common 
medical offices, non-invasive methods like serological mark-
ers and new ultrasound-based methods for daily use especially 
in routine care were of medical interest to evaluate liver dam-
age [22].

The aim of our study was to find out the best non-invasive 
methods alone or in combination to objectify the positive in-
fluence of HCV treatment on liver stiffness for use in routine 
care. To our knowledge, this study is the first one with this 
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kind of concept and ambition. In this context, we compared 
chronological acquired on- and off-treatment patient param-
eters using acoustic radiation force impulse and shear wave 
elasticity imaging (ARFI-SWEI), and serological scores (as-
partate aminotransferase/alanine aminotransferease (AST/
ALT) ratio, fibrosis-4 (FIB-4) index, Pohl’s score and AST-
to-platelet ratio index (APRI)). Especially ARFI-SWEI as the 
only ultrasound-based method used in this context will be cor-
related to serological scores.

Materials and Methods

Patients

Between 2012 until 2016, 62 of patients with documented 
HCV and scheduled for antiviral therapy were included in this 
prospective, observational study. The patients were generated 
as outpatient of the medical Health Center of the Krankenhaus 
Nordwest in Frankfurt (Main). In the above period, out of pa-
tients of nearly 250 treated on HCV, 62 patients were inter-
ested in participating only.

Criteria for selection of all patients who took part in this 
study were positive antibodies for HCV and verifiable virus 
amount over at least 6 months as evidence for chronic active 
infection, only. Patients were included independent of actual or 
in case of prior antiviral HCV therapy. HCV genotypes were 
tested for all patients. The study was conducted in compli-
ance with the Declaration of Helsinki. The institutional review 
board approved the study and the patients were informed of the 
study procedure.

HCV-RNA and genotype

For all participants’ quantification of HCV-RNA using the 
real-time PCR-based COBAS TaqMan 48 HCV High Pure 
System (Roche Diagnostics, Mannheim, Germany) and geno-
typing by Siemens Versant HCV genotype 2.0 assay (Siemens 
Healthcare GmbH, Erlangen, Germany) were performed. Suc-
cess of therapy was estimated 6 months after therapy by HCV 
quantification.

Antiviral therapy

The treatment of the different genotypes regarding kind and 
duration of therapy was adapted to patients medical condi-
tion, fibrosis status of the liver and dependent of treatments 
availability: the combination of pegylated interferon (IFN) 
with nucleoside analog ribavirin (RBV) was available since 
2002, directly acting antivirals (DAAs) like protease inhibitors 
telaprevir (TVR) and boceprevir (BOC) since 2011, polymer-
ase inhibitor sofosbuvir (SOF), protease inhibitor simeprevir 
(SMV), NSA5A-inhibitors daclatasvir (DCV) and ledipasvir 
(LDV) since 2014 [13, 23-25].

The patient characteristics and therapy results are shown 
in Table 1.

Serological markers

Additional blood samples of the participants were taken: AST 
and ALT as well as the platelet count. These parameters were 

Table 1.  Patients Characteristics and Therapy Results

Patients N = 62
Gender (male/female) 37/25
Mean age (years) 50.65 (25 - 81)
Genotype (GT) Therapy
  GT1 (1a/1b/unknown) 44 (10/30/4) RBV/IFN (n = 3), TVR/IFN/RBV (n = 17), BOC/IFN/RBV (n = 2), SOF/

LDV +/-RBV (n = 17), SOF/DCV (n = 3), SOF/RBV (n = 1), SOF/SMV/ 
RBV (n = 1)

  GT2 5 SOF/DCV +/- RBV (n = 2), SOF/DCV (n = 1), SOF/RBV (n = 2)
  GT3 10 RBV/IFN (n = 3), SOF/DCV +/- RBV (n = 6), SOF/IFN/RBV (n = 1)
  GT4 3 SOF/IFN/RBV (n = 1), SOF/RBV (n = 1), SOF/LDV/RBV (n = 1)

Pre-treatment Post-treatment
Mean HCV-RNA (U/mL) 3,070,943 (48,837-12,831,248) 0
ARFI-SWEI
  F0-1 15 (24%) 27 (44%)
  F2 15 (24%) 19 (31%)
  F3 11 (18%) 3 (5%)
  F4 21 (34%) 13 (21%)

ARFI-SWEI: acoustic radiation force impulse and shear wave elasticity imaging; IFN: pegylated Interferon; RBV: ribavirin; TVR: telaprevir; BOC: 
boceprevir; SOF: sofosbuvir; SMV: simeprevir; DCV: daclatasvir; LDV: ledipasvir.
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used for estimating liver damage or LF by scores (Table 2). 
They were checked on day 0 (pre-treatment) and 6 months af-
ter therapy (post-treatment).

LB and its histologic analyses were not the aim of this 
study, neither the estimation of surveillance nor pharmacologic 
side effects of therapy.

Determination of LF

For estimating liver failure and LF, we used the platelet count 
and four established serological scores (AST/ALT ratio, APRI, 
FIB-4 index and Pohl’s score) as well as liver B-mode ultra-
sound in combination with liver stiffness measurement (ARFI-
SWEI).

Results of these methods that were predictive for various 
fibrosis stages were correlated to the histological classification 
of METAVIR (F0-4) based on published literature (METAVIR, 
LF stages F0-1: F0: no fibrosis; F1: portal fibrosis without sep-
ta; F2: few septa; F3: numerous septa without cirrhosis; F4: 
cirrhosis) [25-27].

AST/ALT ratio

The AST/ALT ratio or De-Ritis-Quotient used in estimation 
of various liver diseases for more than 30 years describes the 
relation of AST and ALT. The range of the dimensionless ratio 
is between 0.6 and 0.8. The area under the receiver-operating 
characteristic curve (AUROC) for LF ≥ F3 varies between 
0.68 and 0.78. In daily routine, AST/ALT ratio < 1 reflects 
slightly and ratio > 1 reflects severe liver failure (i.e., cirrho-
sis) [28, 29].

APRI

This index was developed by Wai et al [30]. APRI was pro-
posed as an alternative to biopsy in patients with chronic HCV 
infection and it is calculated as (AST/upper limit of normal 
range)/platelet count (109/L) × 100. A large meta-analysis sug-
gests that APRI can identify HCV-related fibrosis with a mod-
erate degree of accuracy and AUROC scores for the diagnosis 
of significant fibrosis (≥ F2) between 0.77 and 0.83. Values > 
1.5 signify LF certainly values below 0.5 exclude LF. In case 
of LC, threshold value is > 2, and LC is excluded by < 1 [31].

FIB-4 index

This index combines the liver enzymes AST/ALT, platelet 
count and age into the formula: age (years) × AST (U/L)/(plate-
lets (109/L) × ALT (U/L)). The FIB-4 index was specifically 
developed as an alternative to biopsy in patients with human 
immunodeficiency virus (HIV) and chronic HCV infection co-
infection [32]. The AUROC of the FIB-4 index was 0.765 for 
differentiation between Ishak stage 0-3 and 4-6. At a cutoff of 
< 1.45 in the validation set, the negative predictive value to ex-

clude advanced fibrosis (stage 4-6) was 90% with a sensitivity 
of 70%. A cutoff of > 3.25 had a positive predictive value of 
65% and a specificity of 97%. Using these cutoffs, 87% of pa-
tients with FIB-4 values outside 1.45 - 3.25 would be correctly 
classified, and LB could be avoided in 71% of cases.

Pohl’s score

Pohl et al used AST/ALT ratio and platelet counts as predictors 
of degree of fibrosis in HCV infection. These parameters are 
correlated significantly with disease stage (r = 0.190, P = 0.006 
and r = -0.543, P ≤ 0.001). For patients without history of al-
cohol abuse, the correlation between disease stage, AST/ALT 
ratio and platelet counts was r = 0.297, P ≤ 0.001 and r = 0.560, 
P ≤ 0.001, respectively. In these patients, AST/ALT ratio ≥ 1 
in combination with a platelet count of < 150,000/mm3 could 
identify patients with severe fibrosis or cirrhosis (F3 and F4) 
with a positive predictive value of 93.1%. Sensitivity, speci-
ficity and negative predictive value were 41.2%, 99.1% and 
85.0%, respectively. In patients with ALT/AST ratio of < 1 or 
platelet counts of > 150,000/mm3, these laboratory parameters 
cannot predict LF stage [33].

Native ultrasound scan and ARFI-SWEI

Two physicians performed native ultrasound scan and elasto-
graphic measurements independently with an ultrasound unit 
by Siemens AG (Germany), Acuson S 2000, which included 
the Virtual Touch Tissue Quantification (VTQ®) Software for 
ARFI-SWEI technology. The ultrasound unit contains tissue 
harmonic imaging (THI), which resolves the problems related 
to ultrasound in technically difficult patients by providing a 
marked improvement in image quality. We used a 4C1 curved 
transducer with a frequency of 4.5 MHz and mechanical index 
of 1.1 - 1.2.

ARFI-SWEI technology, a point shear wave elastography, 
is a real-time dual display imaging mode and allows a quanti-
tative assessment of tissue stiffness, through measurement of 
shear wave velocity (SWV). The technical principle of ARFI-
SWEI is established and well described by other authors [34].

To optimize the results, we standardized our ARFI-SWEI 
measurement. We did the examination in the morning and the 
patients were without food intake and fasting > 3 h. The patient 
was arranged in dorsal decubitus position, with the right arm 
under his head (maximum abduction). We made ARFI-SWEI 
measurement at the level of the right liver lobe segment VII/
VIII at a depth between 3.5 and 8.0 cm, while the patients were 
asked to stop breathing for a moment. Ten valid measurements 
were performed in every patient, and the ratio between validat-
ed and total measurements as a median value was calculated.

Only procedures with a success rate of at least 60%, and 
with the interquartile range of all validated measurements < 
30% of the median value, were considered reliable. We com-
pared the results of ARFI-SWEI measurements with published 
SWV cutoff values that were predictive for each fibrosis stage 
correlated to the histological classification of METAVIR (F0-
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4): F0-1 < 1.24 m/s, F2 ≥ 1.25 m/s, F3 ≥ 1.60 m/s and F4 ≥ 
2.00 m/s. A distinguishing between F0 and F1 and conclusions 
about the activity of (necro-)inflammation in the liver tissue is 
impossible for ARFI-SWEI and can be estimated by histology 
only.

ARFI-SWEI was done pre- and 6 months post-treatment.

Statistical analyses

Clinical and laboratory characteristics of patients were ex-
pressed as mean and standard deviation (SD) or percentages, 
as appropriate. Pre-post differences were analyzed applying 
the paired t-test or Wilcoxon rank-sum test depending on the 
type of variable. A significance level of P ≤ 0.05 was used. 
Correlation of fibrosis scores was assessed using Pearson cor-

relation. Interpretation of the correlation coefficient (r) was: 
r ≤ 0.35 low/weak correlation, 0.36 - 0.67 modest/moderate 
correlation, 0.68 - 1.0 strong/high correlation and ≥ 0.9 very 
high correlation [35].

For statistical analysis, we used Microsoft Excel (Micro-
soft Corporation, Redmond, Washington, USA) and SPSS 20.

Results

The distribution of the results is shown in Tables 1-3 and Fig-
ure 1. In total, 62 patients with HCV infection took part in 
this study (37 males and 25 females). Mean age was 51 years 
(range: 25 - 81 years; male: 50 years, female: 54 years).

The genotype distribution revealed most frequent GT1 (n 
= 44; GT 1a: n = 10, GT1b: n = 30; unspecified: n = 4), fol-

Table 3.  Correlation of Metric Values: ARFI-SWEI, APRI Score and FIB-4 Index (N = 62)

Pearson (metric)
Baseline 6 months

ARFI-SWEI APRI FIB-4 ARFI-SWEI APRI FIB-4
ARFI-SWEI
  Correlation 1 0.398** 0.535** 1 0.432** 0.457**
APRI
  Correlation 0.398** 1 0.798** 0.432** 1 0.922**
FIB-4
  Correlation 0.535** 0.798** 1 0.457** 0.922** 1

**Correlation significance 0.01. ARFI-SWEI: acoustic radiation force impulse and shear wave elasticity imaging; APRI: aspartate aminotransferase-
to-platelet ratio index; FIB-4: fibrosis-4.

Figure 1. Mean values pre- and post-treatment. ARFI-SWEI: acoustic radiation force impulse and shear wave elasticity imag-
ing; APRI: aspartate aminotransferase-to-platelet ratio index; FIB-4: fibrosis-4; AST: aspartate aminotransferase; ALT: alanine 
aminotransferease.



Articles © The authors   |   Journal compilation ©  Gastroenterol Res and Elmer Press Inc™   |   www.gastrores.org36

Influence of HCV Therapy on Liver Stiffness  Gastroenterol Res. 2021;14(1):31-40

lowed by GT3 (n = 10), GT2 (n = 5) and GT4 (n = 3). The al-
location of drug regimens for the different genotypes is listed 
in Table 1.

The mean viral load pre-treatment was 3,070,943 U/mL 
(48,837 - 12,831,248 U/mL); viral load 6 months post-treat-
ment was not detectable in all participants. Thus, treatment 
was successful for each patient.

Liver elastography (ARFI-SWEI)

As shown in Table 1, 21 of 62 patients (34%) presented elas-
tography results corresponding to LF F4 before initiating an-
tiviral treatment; 6 months post-treatment, eight of these 21 
(38%) patients received an improvement of liver stiffness to 
F2 (n = 5) or F3 (n = 3), while 13 patients still showed F4. 
All patients with initial fibrosis F3 (11) changed to fibrosis F1 
(n = 3) or F2 (n = 8). Ten patients with initial F2 improved to 
fibrosis grade F0-1 and further five patients kept F2. Fifteen 
patients had fibrosis F0-1 pre-treatment and 14 of them were 
also 6 months after therapy, while one female patient changed 
to F2.

In total, the part of patients with F0-1 raised from 24% (n 
= 15) to 44% (n = 27) 6 months after therapy, patients with F2 
from 24% (n = 15) to 31% (n = 19) and the part of participants 
with LF F3 and F4 declined from 18% (n = 11) to 5% (n = 3) 
and from 34% (n = 21) to 21% (n = 13), respectively.

Of all 62 participants, 29 (46.8%) got an improvement of 
LF 6 months after HCV therapy and 32 (51.6%) had no altera-
tion of LF, while one patient got degradation. The mean value 
of ARFI declined from 1.85 m/s (F3) to 1.55 m/s (F2) (Fig. 1).

Platelet count and liver enzymes

The platelet count in all four elastographic groups had big vari-
ability pre- and post-treatment and mean values differed insig-
nificantly (Table 2, Fig. 1).

On the other hand, values for transaminases AST and ALT 
changed significant: 41 of 62 (66.12%) patients had elevated 
AST and ALT values, additional nine (14.52%) had elevated 
ALT, only. Six months after HCV treatment, AST and ALT 
values normalized in all participants except four patients with 
slightly elevated values over the normal range.

Fibrosis scores

For estimation of LF, we used four scores, which were gener-
ated out of the variable’s platelet count, AST, ALT and their 
standard values gender adapted.

AST/ALT ratio

AST/ALT ratio had less validity to predict LF (results not list-
ed in Table 2). Its usage is dedicated for elevated AST and ALT 
values, only and has no significance in context of normal liver 

enzymes values. Six months after therapy, liver enzymes were 
in normal range for nearly all patients and the ratio could not 
be used, while several patients still had elastographic signs of 
LF.

Pohl’s score

The results of this score were heterogeneous. In total Pohl’s 
score indicates a failure of LF post-treatment, which is contra-
dictory to the other results (not listed in Table 2).

Twenty-eight of all patients had no hints of a relevant fi-
brosis by Pohl’s score pre-treatment, but post-treatment 13 pa-
tients only. No statements regarding fibrosis were feasible in 
22 participants pre-treatment and in 35 post-treatment. Pohl’s 
score correlating to advanced fibrosis could be seen in 12 pa-
tients before and in 14 patients 6 months after therapy.

In total eight patients had a verifiable improvement, 28 
had no changing and 26 had deterioration of fibrosis respect-
ing this score.

APRI

Mean APRI value pre-treatment was 1.44 and improved sig-
nificantly 6 months post-treatment (0.44, P < 0.001) (Fig. 1). 
The part of patients with APRI scores < 0.5 increased from 
37% (n = 23) before treatment to 71% (n = 44) after therapy. 
On the other hand, parts of patients with scores between 0.5 - 
1.5 and > 1.5 were falling (32% (n = 20) vs. 29% (n = 18) and 
31% (n = 19) vs. 3% (n = 2)). In 51.6% of the cases (n = 32), 
scores were improving, in 46.8% (n = 29) no changes could be 
observed and in only one case (1.6%) the scores deteriorated, 
revealed by APRI classes.

FIB-4

Mean values of FIB-4 pre- and post-treatment decreased sig-
nificantly, as a hint of overall improvement of LF (3.19 vs. 
2.11, P < 0.001) (Fig. 1). The part of patients with FIB-4 score 
< 1.45 as a negative predictive value of 90% for advanced fi-
brosis rose after therapy from 32% (n = 20) pre-treatment up 
to 47% (n = 29) post-treatment. On the other hand, the part of 
patients with score > 3.25 decreased after therapy from 37% (n 
= 23) to 15% (n = 9) and the portion of patients with scores of 
1.45 - 3.25 climbed up from 31% (n = 19) to 39% (n = 24). In 
total, 38.7% (n = 24) of all patients (n = 62) had an improve-
ment, 56.5% (n = 35) had no changing and 4.8% (n = 3) had a 
deterioration of the score.

Correlation of scores

Pearsońs correlation of metric values for ARFI-SWEI, APRI 
and FIB-4

Table 3 shows Pearson’s coefficient demonstrating a moder-
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ate correlation for ARFI-SWEI and APRI/FIB-4 scores and 
a high correlation for APRI and FIB-4 scores pre-treatment. 
Post-treatment the correlation coefficient rises up to 0.922 as 
a hint for very high correlation, while the correlation between 
ARFI-SWEI and APRI/FIB-4 scores is still moderate. But it 
seems that a linear correlation can be stated.

Discussion

Germany’s HCV prevalence is estimated near 0.9%, and in 
metropolitan up to 2.7% [9]. The majority of patients acquired 
genotype 1 or 3 hepatitis C, like our results confirm [36]. Goals 
of treating HCV are eradicating the virus (SVR) and reduc-
ing morbidity and mortality. Today SVR of therapy is near 
100%. By treating HCV, viral-induced inflammation of liver 
and progress of fibrosis are stopped resulting in improvement 
of liver function [19]. Patients with SVR subsequently devel-
op fewer adverse endpoints such as cirrhosis, decompensation 
and hepatocellular carcinoma (HCC), irrespective of the an-
tiviral combination used. Current German guidelines recom-
mend interferon-free regimens as first-choice treatment [37]. 
Further, evidence is accumulating that DAA therapies provide 
a cost-effective means to reduce the morbidity and mortality 
associated with chronic infection with HCV [20]. In our study, 
all patients achieved SVR of 100% 6 months after therapy. But 
studies show in patients with LF F3 and F4/LC higher risk of 
new HCC occurrence in spite of successful treatment; there-
fore regular follow-ups every 6 months are obligatory [38].

The aim of our study was to objectify the positive influ-
ence of HCV treatment on liver stiffness using non-invasive 
methods using serological parameters like platelet count, AST, 
ALT as well as four different scores (APRI, FIB-4, AST/ALT 
ratio and Pohl’s score), and ARFI-SWEI for evaluating LF. 
Literature search showed limited studies comparing the effi-
cacy of these parameters head to head.

Ultrasound is a simple and non-invasive imaging modal-
ity available worldwide. B-mode imaging allows broad appli-
cations for patients to detect chronic liver diseases and focal 
hepatic lesions. Since over one-decade ARFI-SWEI is used for 
non-invasive assessment of LF and has been correlated to his-
tologic examination extensively in patients with chronic HCV 
infection. Cutoffs of 1.21 - 1.34 m/s predict significant fibrosis 
(F ≥ 2, AUROC 0.85 - 0.89) and virtual touch quantification 
cutoffs between 1.55 and 2 m/s (AUROC 0.89 - 0.93) cirrho-
sis; the method can be influenced by some factors like fast-
ing and operator bias as well as anthropometric characteristics 
(i.e., high body mass index (BMI) or gender) [34]. By stand-
ardizing the procedures, these influences could be minimized.

As our results show, successful treatment of HCV infec-
tion leads to an improvement of ARFI-SWEI results in our pa-
tients in 84% of the cases, better than described in other studies 
with improvement of liver stiffness in just 57% of HCV-in-
fected patients after interferon-free treatment in comparable 
setting [39]. It seems still controversial, whether and to what 
amount fibrosis and cirrhosis are reversible in patients with 
successfully treated HCV, and if improvement of liver stiffness 
measurement may be rather due to reduced necroinflammation 

and less extent to regression of cirrhosis.
Reduced platelet counts indicate high-grade LF (F3) or 

LC. Ikarashi et al found optimal cutoff values for platelet count 
for diagnosis of LC in HCV patients of 12.7 × 104/µL with 
sensitivity of 57.8% and specificity of 88.2% (AUC, 0.863) 
[40]. In our study, platelet counts could not specify F3 fibrosis 
or LC. A statistical significance pre- and post-treatment was 
not available.

Elevation of AST and/or ALT is not seen in patients with 
chronic HCV infection regularly [10]. In our study, 65% of the 
participants had elevated AST and ALT values pre-treatment 
independent of fibrosis stage by ARFI-SWEI. After therapy, 
95% reached normal values (statistically significant). It seems 
that these parameters had no explanatory power in predicting 
LF, a fact described by Karin et al equally [40]. It can be con-
cluded that virological and biochemical responses alone did 
not reflect effects of the treatment on fibrosis grade.

AST/ALT or De-Ritis ratio was developed 50 years ago 
[41, 42] and it was stated that in HCV elevated AST/ALT ratio 
is predictive of long-term complications like fibrosis and cir-
rhosis [29]. In context to our results, this interpretation is far 
too simplistic and the ratio is not sufficient to predict advanced 
liver disease. These findings are congruent to those of Eminler 
et al, who found no significant relationship between degree of 
LF and the AST/ALT ratio, and we think that AST/ALT ratio is 
not useful in estimating the fibrosis stage in HCV patients [43].

Pohl’s score seemed to be the less useable score tested. 
Our results did not show any correlation to LF stages or were 
able to reflect a correlation to HCV treatment and positive in-
fluence on LF as described by Thandassery also [44].

APRI score includes the parameters AST and platelet 
count. According to various studies, APRI could be the best 
simple indirect non-invasive score in estimating LF in context 
with HCV treatment like our study demonstrates. We saw im-
provement of APRI score in 90% of the patients. Similar find-
ings were made by Chen et al with improved APRI scores after 
therapy [45].

Equally findings were found using FIB-4 score. HCV 
therapy led to improvement of FIB-4 score in over 74% of 
the cases and seemed that FIB-4 score is a reliable tool in de-
tecting LF. A large observational cohort study perceived that 
FIB-4 is good in differentiating various stages of LF in patients 
with chronic HCV infection, more than APRI [46]. The test 
can be influenced by age [47]. McPherson et al describe high 
accuracy of FIB-4 score for advanced fibrosis in patients with 
liver diseases aged > 35 years and unacceptable low specific-
ity for advanced fibrosis in patients aged ≥ 65 years, resulting 
in a high false positive rate. We did not correlate our results 
with patient’s age. The mean age of the participants was 51 
years and part of patients over 65 years were less for reliable 
statements. At last it must be stated that both, APRI and FIB-4 
scores, were useful in detecting LF like the findings show [22].

Some studies correlated APRI or FIB-4 scores with ARFI-
SWEI in HCV patients and demonstrated high correlation of 
these scores with ARFI-SWEI. But it seems that ARFI-SWEI 
is more accurate in this context [48, 49]. We correlated APRI 
score, FIB-4 index and ARFI and saw best correlation of met-
ric values (Pearson’s coefficient) of APRI score and FIB-4 in-
dex more than one of the scores versus ARFI-SWEI.
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A partial correlation for gender as covariate in context 
with metric variables made no difference in results and a cor-
relation in regard to age with the patients count is too less.

In conclusion, screening for HCV is more and more neces-
sary because antiviral HCV therapy since 2011 and especial-
ly since implementation of DAA 2014 is successful to cure 
chronic HCV infection with prevention of progressive liver 
failure and cancer. Our study correlates non-invasive assess-
ment of LF in patients with HCV pre- and post-therapeutic and 
demonstrates the positive influence of antiviral HCV treatment 
on LF in different stages by normalization or improvement.

As our results show APRI score and FIB-4 index are easy 
handling methods with best validity in estimation of LF, more 
than ARFI-SWEI. But the combination of ARFI-SWEI and 
these scores is a reliable tool with high validity for LF assess-
ment.
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