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RÉSUMÉ

Le rôle de l’élastographie par ondes de cisaillement 
dans le monitorage dynamique de la fibrose chez des 
patients présentant une hépatite C chronique avec 
réponse virologique soutenue suite à une thérapie 
antivirale directe

Introduction. Au cours des dernières années, la pra-
tique médicale actuelle a imposé des méthodes non 
invasives d’évaluation de la fibrose hépatique.
L’objectif de l’étude était l’évaluation du rôle de 
l’élastographie 2D par ondes de cisaillement dans le 
suivi dynamique de la fibrose par rapport à une mé-
thode validée – Fibromax.
Matériaux et méthodes. 37 patients atteints d’hépa-
tite C chronique et de fibrose avancée (F3 / F4) traités 
par Paritaprevir / Ritonavir + Ombitasvir + Dasabuvir 
ont été inclus à l’étude et l’évaluation a été réalisée au 

ABSTRACT

Introduction. In the last years, the non-invasive meth-
ods of evaluating liver fibrosis were imposed in the 
current medical practice.
The objective of the study was to evaluate the role 
of 2D Shear Wave elastography in the dynamic mon-
itoring of liver fibrosis compared to a validated meth-
od – Fibromax.
Materials and methods. 37 patients with chronic 
hepatitis C infection and advanced fibrosis (F3/F4) 
who received treatment with Paritaprevir/Ritonavir + 
Ombitasvir + Dasabuvir were included. The evaluation 
was done at baseline, 12 weeks after the end of treat-
ment and 48 weeks after therapy.
Results. There was a significant and positive correla-
tion of high degree, according to the Spearman’s rho 
correlation coefficient, between 2D Shear Wave elas-
tography and Fibromax, showing very similar results 
both at the beginning of therapy (p<0.001, R=0.726) 
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INTRODUCTION

New non-invasive means of diagnosing and mon-
itoring liver fibrosis have been developed. It is impor-
tant to focus on the safest and most accurate method 
and validate it, since liver biopsy is still considered 
the gold standard in evaluating liver fibrosis, despite 
the fact that it has many pitfalls1. Persistent infection 
with hepatitis C virus (HCV) is the leading cause of 
chronic liver disease, with an estimated 1.75 million 
new HCV infections diagnosed in 20151. Direct anti-
viral therapy is now curative, but it is estimated that 
only 20% of individuals who are chronically infected 
with HCV are diagnosed and only 15% of those di-
agnosed are treated1. Disease progression is acceler-
ated by male sex, viral infection at a more advanced 
age, obesity, consumption of alcohol in high quan-
tities, HIV co-infection and immunosuppression2-4. 

Without treatment, chronic HCV infection lead to 
liver cirrhosis (15-30% risk within 20 years), liver fail-
ure and hepato-carcinoma (risk of 2-4% per year)5-7.

A crucial step before starting the treatment is 
the assessment of liver disease severity, by determin-
ing the degree of fibrosis8,9. The gold standard for the 
diagnosis and staging of liver fibrosis is liver biopsy, 
although the procedure is limited by sampling error, 
variability and procedure-related complications, like 
bleeding and pain10. Over the time, new tests have 
been developed and Fibromax has proved a good pre-
dictive value and, most importantly, a better bene-
fit-to-risk ratio. FibroMAX combines five non-invasive 
tests in a single method, in order to calculate all the 
fibrosis-related tests: FibroTest for the quantitative as-
sessment of fibrosis, SteatoTest for the quantitative 
assessment of steatosis, ActiTest for the quantitative 
assessment of necro-inflammatory activity in chronic 

début, 12 semaines après la fin du traitement et 48 
semaines après le traitement.
Résultats. Il y avait une corrélation positive et signifi-
cative de haut degré selon le coefficient de corrélation 
de Spearman rho entre l’élastographie 2D par ondes 
de cisaillement et Fibromax montrant des résultats très 
similaires au début du traitement (p <0,001, R = 0,726) 
et un an après son achèvement ( p <0,001, R = 0,961). 
La corrélation entre la numération plaquettaire et le 
degré estimé non invasif de fibrose hépatique est statis-
tiquement significative, elle est modérément négative 
(p = 0,009, R = 0,426) – les patients présentant une 
numération plaquettaire faible au départ n’ont pas en-
registré d’amélioration de la fibrose ou elle n’a pas été 
statistiquement significative un an après l’arrêt du trai-
tement. La thérapie antivirale directe avec Paritaprevir 
/ Ritonavir + Ombitasvir + Dasabuvir en plus du taux 
d’éradication chronique de l’hépatite C de 99-100% 
détermine également une amélioration statistiquement 
significative (p <0,001) du degré de fibrose hépatique.
Conclusions. Il existe une forte corrélation entre les 
deux méthodes non invasives analysées, qui recom-
mande l’utilisation systématique d’élastographie 2D 
par ondes de cisaillement, seule ou en combinaison 
avec d’autres tests. Outre l’efficacité remarquable du 
schéma thérapeutique utilisé (taux de RVS> 95%), il 
existe également une amélioration significative de la 
fibrose qui empêche la progression de la cirrhose et du 
carcinome hépatocellulaire.

Mots-clés: élastographie, élastographie par ondes de 
cisaillement bi –dimensionnelles, Fibromax, hépatite 
chronique C, fibrose hépatique.

and one year after its completion (p<0.001, R=0.961). 
The correlation between platelet count and the non-in-
vasively estimated liver fibrosis degree is statistically 
significant, being moderately negative (p=0.009, 
R=0.426) – patients with low platelet count at baseline 
did not present an improvement of fibrosis or it was 
not statistically significant one year after stopping the 
treatment. Direct antiviral therapy with Paritaprevir/
Ritonavir + Ombitasvir + Dasabuvir, besides the 
chronic hepatitis C eradication rate of 99-100%, also 
determines a statistically significant improvement 
(p<0.001) of the degree of liver fibrosis.
Conclusions. There is a strong correlation between 
the two non-invasive methods analyzed, which rec-
ommends routine use of 2D Shear Wave elastography 
alone or in combination with other tests. In addition 
to the remarkable effectiveness of the therapeutic regi-
men used (SVR rates >95%), there is also a significant 
improvement of fibrosis, which prevents progression to 
cirrhosis and hepatocellular carcinoma.

Keywords: elastography, two-Dimensional shear wave 
elastography, Fibromax, chronic hepatitis C, hepatic 
fibrosis.

Abbreviations
2D-SWE = 2-Dimensional Shear Wave Elastography
ALT = alanine aminotransferase
DAA = direct-acting antiviral agent
Exviera – Dasabuvir
HCV – Hepatitis C Virus
M0 = baseline, before starting the treatment
M1= 6 months after starting the treatment
M2= 12 months after end of the treatment
Viekirax – Ombitasvir/Paritaprevir/Ritonavirum
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viral hepatitis C and B, Nash Test for the categori-
cal diagnosis of nonalcoholic steatohepatitis and Ash 
Test for the quantitative assessment of alcoholic stea-
tohepatitis11.

Since FibroMAX, elastography has emerged and 
imposed as an useful tool for fibrosis evaluation, 
two-dimensional shear wave elastography (2D-SWE) 
being one of the newest elastographic methods12. 
2D-SWE provides a quantitative estimation of tis-
sue stiffness regarding to the speed of a shear wave, 
with the advantages that tissue stiffness is acquired 
in real time, during ultrasound examination, it is not 
limited to a single location and it is guided to a high 
frame-rate B-mode image, demonstrating good relia-
bility and reproducibility13-15. As far as we know, there 
is no study which aimed to evaluate the 2D-SWE role 
in the dynamics monitoring of fibrosis degree in pa-
tients with chronic hepatitis C and sustained viral 
response after treatment with direct-acting antiviral 
agents (DAAs).

THE OBJECTIVE OF THE STUDY was to prove the role 
of shear wave elastography in monitoring the dynam-
ics of the fibrosis and the efficacy of the therapy over 
the fibrosis degree in patients with chronic hepatitis 
C who have achieved sustained viral response after 
therapy with DAAs.

MATHERIALS AND METHODS

We diagnosed chronic hepatitis C according to 
the World Health Organization (WHO) Guidelines, 
in patients with anti-HCV antibodies which remained 
positive at the second test (six months from the first 
one), with a quantitative assay of HCV – RNA con-
firming HCV-viremia3. We used for the evaluation 
of liver fibrosis’ degree with 2D-SWE, the following 
cut-off values: healthy people < 5kPa, 5kPa ≤ F0-F1/
F1< 7.1kPa, 7.1kPa ≤ F2 < 9.2 kPa, 9.2 kPa ≤ F3 <13 
kPa, F4 ≥13 kPa9.

This is an observational, retrospective cohort 
study. The protocol was approved by the Ethical 
Committee of „Matei Bals“ National Institute of 
Infectious Diseases, Bucharest, Romania.

Patients with chronic infection with hepatitis C 
virus admitted to the Gastroenterology Department 
of „Matei Bals“ Institute in Bucharest, Romania, 
from September 2015 to September 2018, were in-
cluded in the study. Only the patients with available 
electronic health records and who signed the in-
formed consent were included. Other inclusion crite-
ria were: chronic infection with hepatitis C virus with 
detectable HCV-RNA, F3-F4 degree of fibrosis deter-
mined with Fibromax or Elastrography, alanine ami-
notransferase result (no matter the absolute value), 

patients who were previously treated with Viekirax 
+ Exviera. Patients with no available discharge elec-
tronic data were not considered for this study. Also, 
other exclusion criteria were: infection with hepatitis 
C virus associating undetectable HCV-RNA, F0-F2 
degree of fibrosis (excepting medical staff) and preg-
nant women. We extracted the information from the 
observation files of the patients and the electronic 
system of the hospital.

We documented the demographical, biological 
and ultrasound data, together with the elastography 
and Fibromax for each patient. In every patient we 
had the results of platelets absolute values (deter-
mined at M0, M1 and M2), alanine aminotransferase 
(M0, M1, M2), quantitative assay of HCV-RNA (M0, 
M1, M2), FibroMAX (M0, M2), 2D-SWE (M0, M1, 
M2) and spleen size (using ultrasound technique). 
The abdominal ultrasonography and Shear Wave 
Elastography were performed by a physician with 10 
years of experience in ultrasonography and 3 years 
of elastography experience, in this way eliminating 
the inter-observer variability. The standard meas-
urements were performed according to the contem-
porary recommendations, European Federation of 
Societies for Ultrasound in Medicine and Biology 
(EFSUMB) Guidelines and Recommendations on 
the Clinical Use of Ultrasound Elastrography 201316 

, using a Aixplorer® V9.3 echography system. Shear 
Wave Elastography examination was performed after 
fasting, with the patient lying in supine position, the 
right arm in maximum abduction, in the right he-
patic lobe, with the probe aligned along the intercos-
tal space. The patients were instructed to hold their 
breath in the phase of exhalation, while the examiner 
positioned the elastographic window (approximately 
3 cm x 4 cm), 2-3 cm under the liver capsule, in a 
region free of visible vessels, and measured stiffness 
in real-time. Stiffness is expressed in kilopascals of 
Young’s modulus. A measurement was considered 
valid when it fulfilled the following quality criteria: 
more than 80% (in difficult patients, with abdominal 
gases, ascites) and over 0% for normal patients, of 
color filling the elasticity map and a measurement cir-
cular Q-box of at least 1-3 cm in diameter, free of vis-
ible artifacts like speckled color. Only examinations 
with 3 valid measurements for patients with known 
liver disease and 6 valid measurements for patients 
investigated for the first time were considered to be 
reliable and we kept the mean value of the successful 
measurements as representative for liver stiffness. All 
the patients also underwent Fibromax testing on the 
same day or within several day.

Statistical analysis. We used IBM SPSS Statistics 
20 and Microsoft Office Excel/Word 2013. A p value 
less than 0.05 was considered statistically significant. 
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Quantitative variables were tested for distribution 
using Shapiro-Wilk test and were expressed as me-
dian ± standard deviations if the parameters had a 
normal distribution and as median and interquar-
tile range if they had a non-gaussian distribution. 
Categorical variables were expressed as absolute val-
ues or percentages. Independent numerical variables 
with a non-parametric distribution were tested using 
Mann-Whitney U and the correlations were assessed 
using the Spearman’s rank correlation coefficient 
(Spearman’s Rho). Independent numerical variables 
with a parametric distribution were tested using 
Student T-Test, and the existing correlations were 
assessed using the Pearson’s correlation coefficient. 
Comparison of numerical variables were assessed 
using the Related-Samples Friedman’s Two-Way 
Anova test for normal distributed parameters and 
the One-Way Anova with repeated measures for the 
non-parametric variables. Qualitative variables were 
tested using Fisher’s Exact Test/Pearson Chi-Square 
and their correlations were assessed using Pearson’s 
contingency coefficient. Post-hoc paired analysis 
was done for the paired quantitative variables using 
Wilcoxon or Paired Samples T-Test.

RESULTS

Our cohort included 37 patients, most of them 
over 60 years-old (65%) and with female predomi-
nance (65%).

The correlation between the degree of fibrosis 
before starting the treatment and age was significant 
and positive, of moderate degree for both methods 
we analyzed (R=0.400, p=0.014 – elastography and 
r=0.485, p=0.002 – Fibromax), but age did not cor-
relate with fibrosis response to treatment (p=0.830).

The patient’s sex correlated positively with fibro-
sis regression after treatment, with men presenting 
more frequently a better outcome regarding fibrosis 
degree dynamics than women (R = 0.416, p = 0.017 – 
Fibromax and R = 0.344, p = 0.047 – elastography).

The fibrosis degree at one year after treatment 
completion correlated negatively with platelets’ num-
ber at baseline (R = – 0.448, p = 0.005 Fibromax, 
R = – 0.426, p = 0.009 Elastography) and positively 
with spleen size at baseline (R = 0.603, p < 0.001 
Fibromax, R = 0.551, p<0.001, elastography).

The platelets number was significantly lower 
before starting treatment, post-hoc analysis showing 
significant differences between their absolute value 
when comparing M0 with M1(p=0.005) and M2 
(p=0.0035), without notably improvement in platelets 
count in patients with favourable fibrosis outcome, 
assessed with Fibromax (p= 0.896) or elastography 
(p=0.960).

Post-hoc analysis regarding fibrosis’ degree as-
sessed with elastography demonstrated a significant 
difference only between M0 and M2 (p=0.009), with 
lower grades of fibrosis at the end of the treatment 
(medium range =1.7 vs medium range =2.39) (Fig. 1).

Figure 1. Fibrosis degree dynamic at M0, M1 and M2 according to Two-Dimensional Shear 
Wave Elastography. Fibrosis degree was significantly lower onlu at the end of the treatment.

M0 = baseline, before starting the treatment, M1 = 6 months after starting the treatment, 
M2 = 12 months after finishing the treatment
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Fibrosis reversibility degree after treatment did 
not depend neither on serum viremia (p=0.177 elas-
tography, p=0.118 Fibromax) nor steatosis degree at 
baseline (p=0.873 Fibromax, P= 0.630 Elastography).

Fibrosis degree assessed with elastography at 
six months after treatment completion correlated 
negatively with alanine aminotransferase value at 
12 months after treatment completion (R= – 0.392, 
p=0.016).

Fibrosis degree assessed with elastography and 
Fibromax correlated positively and in a high degree, 
not only before starting the treatment, but also one 
year after its completion (R=0.726, p<0.001 respec-
tively R=0.961, p<0.001) (Fig. 2, Fig. 3).

DISCUSSION

According to patients’ distribution by sex, it 
can be noted a slightly higher percentage of wom-
en compared to males (64.9%). This could be ex-
plained, at least in Romania, by the presence of 
several risk factors in women (abortions, births, sur-
gery, blood transfusions), especially before the 90s, 
men presenting more frequently a better outcome 
regarding fibrosis’ degree dynamics when compared 
to women17-19.

The correlation between the age of the patients 
and the degree of hepatic fibrosis estimated noninva-
sively, using 2D-SW Elastography and FibroMax, is 
significant and positive of moderate degree. Thereby, 
patients between 60-80 yo had significantly higher 

degrees of fibrosis at baseline, but age did not cor-
relate with fibrosis’ response to treatment (p=0.830).

Hepatic fibrosis (estimated noninvasively both 
by 2D-SW Elastography and FibroMax) is signifi-
cantly correlated with certain clinical-biological pa-
rameters. The results of our study show a significant 
negative inverse correlation between platelet count 
at baseline and the fibrosis’ degree measured at one 
year after end of therapy. Furthermore, patients with 
larger spleen size at M0 had significantly higher de-
grees of fibrosis one year after the end of treatment, 
whereas in patients with normal spleen size there was 
an improvement in the degree of fibrosis after treat-
ment.

The degree of fibrosis reversibility is neither in-
fluenced by the value of viremia nor by the degree 
of steatosis at baseline, but it correlates negatively 
with the alanine aminotransferase value at 12 weeks 
post-end of treatment.

The most important objective of this study was 
to observe the effect of a sustained viral response 
(SVR) on fibrosis progression. All patients included 
in the study obtained SVR, but in addition, the de-
gree of fibrosis – estimated noninvasively both by 
biological test (FibroMax) and elastography (2D-SW 
Elastography) – significantly improved one-year 
post-therapy.

The secondary objective was to demonstrate 
the correlation between the two noninvasive meth-
ods for assessing fibrosis (FibroMax and 2D-SW 
Elastography). The obtained results showed that 

Figure 2. Correlation between fibrosis degree 
measured at the beginning of the treatment using 
Elastography and Fibromax. Fibrosis degree was 

very similar at the beginning of the treatment 
when assesed with both 2D-SWE and Fibromax.
2S-SWE = two-dimensional shear wave elastography

Figure 3. Correlation between fibrosis degree meas-
ured at the end of the treatment using Elastography 
and Fibromax. Fibrosis degree was very similar at the 
end of the treatment when assesed with both 2D-SWE 

and Fibromax.
2S-SWE = two-dimensional shear wave elastography
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there is a very significant correlation between the 
two methods in the evaluation of fibrosis, both at 
the beginning of the treatment and one year after its 
completion.

Thus, we consider that 2D-SW Elastography can 
be used both in the initial evaluation of the patients 
and in their evaluation/monitoring on a long-term 
basis.

The combined use of noninvasive fibrosis assess-
ment methods (FibroMax and 2D-SW Elastography) 
increases diagnosis accuracy.

The present study is intended as a starting point 
for a prospective study that will include a higher 
number of patients, with several antiviral therapeutic 
schemes and monitored for long term.

CONCLUSIONS

The main result of the study attests that the di-
rect antiviral therapy with Ombitasvir/Paritaprevir/
Ritonavir + Dasabuvir improves fibrosis besides the 
viral eradication. Evaluation of fibrosis before treat-
ment and one year after its completion with the help 
of 2D-SW Elastography shows a statistically signifi-
cant difference (p<0.001).

2D-SW Elastography has a very important role 
in the assessment of fibrosis and this study indicates 
that the evaluation of fibrosis obtained by FibroMax 
and by this elastographic method are strongly simi-
lar. There is a significant and positive correlation of 
high degree between the two methods, both at base-
line (p<0.001, R=0.726) and one year after the end of 
treatment (p<0.001, R=0.961).
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