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ABSTRACT

Aims: Our aim was to assess the diagnostic performance of transient elastography (TE) and Virtual Touch
Quantification (VTQ), a point Shear Wave Elastography (pSWE) technique, using Acoustic Radiation Force
Impulse (ARFI) technology, for liver fibrosis assessment, as compared to percutaneous liver biopsy (LB), in
patients with chronic hepatitis B or C.

Methods: We analyzed 157 patients (80 with chronic hepatitis B and 77 with chronic hepatitis C) with reliable
liver stiffness (LS) measurements, in whom we compared TE and VTQ to the LB performed during the
same session (evaluated according to the Metavir scoring system: FO-F4). LS was assessed by TE (FibroScan,
EchoSens, Paris, France) and VTQ using the Siemens Acuson S2000TM ultrasound system (Siemens AG,
Erlangen, Germany). We defined reliable LS measurements as the median value of 10 measurements with
an IQR/M <30% for both TE (obtained using the M probe) and VTQ. The areas under receiver operating
characteristic curves (AUROC:s) were used to assess the diagnostic performance of TE and VTQ. Correlation
analysis determined the relationship between LSM values and liver histology.

Results: On LB 31 (19.7%) patients had no fibrosis, 35 (22.3%) had F1, 43 (27.4%) had F2, 28 (17.8%) had F3
and 20 (12.7%) had cirrhosis. The mean size of the liver specimen in LB was 27 mm. A strong, linear correlation
(Spearman p=0.826; p<0.001) with 95% confidence interval for rho (0.769- 0.870), was found between the TE
and VTQ measurements. By comparing the AUROC curves, TE and VTQ had similar predictive values for
the presence of F>1 Metavir: AUROC TE=0.876, AUROC VTQ=0.832, p=0.358, for F>2 Metavir: AUROC
TE=0.826, AUROC VTQ=0.862, p=0.313, for F>3 Metavir: AUROC TE=0.907, AUROC VTQ=0.880, p=0.434
and for F=4 Metavir: AUROC TE=0.981, AUROC VTQ=0.974, p= 0.423.

Conclusions: Both methods, TE and VTQ (pSWE) offer excellent diagnostic accuracy for liver fibrosis
assessment in patients with chronic hepatitis B or C with similar performance.

Key words: transient elastography - virtual touch quantification - liver biopsy - HCV - HBV.

Abbreviations: ARFI: Acoustic Radiation Force Impulse; AUROC: area under the receiver operating
characteristics; CLD: chronic liver diseases HBV: hepatitis B virus; HCV: hepatitis C virus; LB: percutaneous
liver biopsy; LS: liver stiffness; pPSWE: point shear wave elastography; ROI: region of interest; TE: transient
elastography; VTQ: Virtual Touch Quantification.

INTRODUCTION of viral hepatitis-related mortality [4]. Chronic hepatitis B and
C commonly result in CLD with liver fibrosis representing the
organ’s final response to injury. Without effective treatment,
this process can lead to cirrhosis, with the development of
serious complications, such as portal hypertension, liver
failure, and liver cancer. Therefore, it is invaluable to accurately
diagnose and monitor the progression of hepatic fibrogenesis
in each patient, for timely and effective prevention, treatment
and progression of CLD.

Liver biopsy (LB) is still considered the gold standard
in the assessment of hepatic fibrosis, allowing not only the
ascertainment of fibrosis but also important parameters such

Chronic liver diseases (CLD)
represent a significant public
health problem. It is currently
estimated that around 248
million people are chronically
infected with hepatitis B virus
(HBV) and 71 million people
with hepatitis C virus (HCV)
worldwide [1-3] and together,
HBYV and HCV account for 96%
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as inflammation, necrosis, steatosis or presence of hepatic
iron in the obtained specimens [5]. Despite its diagnostic
utility, LB is limited because of its invasiveness and cost, the
risk of complications, including death, its poor acceptance by
patients, the lack of availability of expert practitioners, and
intra/inter-observer variability [6-8]. The limitations and
invasive nature of LB have spurred extensive research for the
development of non-invasive tests to measure liver fibrosis in
patients with CLD.

Ultrasound based elastography techniques have been
developed for the non-invasive assessment of liver fibrosis.
The first one was transient elastography (TE) (FibroScan,
EchoSens, Paris, France), currently the most extensively used
in clinical practice [9-12], followed by Acoustic Radiation Force
Impulse elastography (ARFI) technology. Both methods have
the advantage that the underlying principle is more obvious
and appealing to practitioners, the results can be obtained
immediately during an examination, have a relatively fast
learning curve and are risk-free as compared to liver biopsy.

Many prospective studies have evaluated the performance
of TE in staging liver fibrosis in patients with CLD,
including chronic viral hepatitis B and C, which have led
to the acceptance of this method for fibrosis assessment by
international guidelines [13, 14]. Several meta-analyses have
found that TE is highly accurate for the diagnosis of advanced
fibrosis and cirrhosis [10, 15-17], suggesting that TE may be
used instead of liver biopsy in most patients with chronic
hepatitis C and B [11, 15, 18, 19]. Transient elastography
however, has several drawbacks, including its ability to assess
only the right lobe of the liver and its inability to visualize
the site of measurement and the need for specific equipment
designed to perform only elastography. Other drawbacks of
TE are represented by the fact that ascites and obesity are
important limiting factors.

Virtual Touch Tissue Quantification (VTQ), a proprietary
technology developed by Siemens Healthcare is the first
available real-time measurement technique that utilizes ARFI
imaging, which enables assessment of tissue stiffness through
the measurement of shear wave speed. Virtual Touch Tissue
Quantification is a point Shear Wave Elastography (pSWE)
method, enabling the evaluation of liver stiffness in a specific
area designated by the operator. The technology used for VI'Q
is incorporated in an ultrasound system allowing the examiner
to visualize the morphology of the liver at the same time.
Therefore, VTQ takes advantage of a conventional ultrasound
image to choose the positioning of the region of interest (ROI)
in both planes, enabling the examiner to adjust the depth of
the measuring site, the ability to avoid liver masses or vessels.
VTQ examination can be performed in patients with ascites.
Several prospective studies and meta-analyses have found
VTQ to correlate well with the stage of hepatic fibrosis [20-
29] and have demonstrated its performance for the diagnosis
of advanced fibrosis and cirrhosis in patients with chronic
hepatitis C and B [27-33].

Our study aimed to assess the diagnostic accuracy and
agreement between TE and VTQ for liver fibrosis assessment
in patients chronically infected with the HBV and HCV, using
LB as the method of reference.
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METHODS

Study population

This was a monocentric cross-sectional study conducted
in the Department of Gastroenterology and Hepatology,
Timisoara County University Hospital, Romania between
January 2010 and November 2018 and included patients
diagnosed with chronic HBV infection and chronic HCV
infection in whom LB had been performed. The study was
approved by the institutional review board and the Ethics
Committee of Victor Babes University of Medicine and
Pharmacy Timisoara and was performed in accordance with
the World Medical Association Declaration of Helsinki, revised
in 2000, Edinburgh. Informed consent was obtained from all
participating subjects.

Inclusion criteria were patients older than 18 years,
diagnosed with chronic HBV infection or chronic HCV
infection, willing to undergo TE and VTQ measurements.
Chronic viral hepatitis was diagnosed when either HBV surface
antigen and HBV-DNA, or HCV antibodies and HCV-RNA
were present in the serum. No patient tested positive for
hepatitis Delta antibodies.

Exclusion criteria were patients under 18 years old,
undergoing antiviral treatment, with ascites, who were taking
beta-blocker medication (e.g. propranolol, carvedilol), with
signs of biliary obstruction or liver congestion secondary to
heart failure, with focal liver lesions, with fatty infiltration
and body mass index (BMI) >30 kg/m?, with heavy alcohol
consumption (ethanol intake >210 g per week for men and
>140 g per week for women), known with primary biliary
cholangitis, primary sclerosing cholangitis or autoimmune
hepatitis, presenting elevation of aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) more than five
times the upper limit of normal (ULN) values.

The demographic, clinical and biological information
of all patients were obtained from their medical records.
Data included patients’ age, gender, BMI, complete blood
counts, international normalized ratio (INR), total bilirubin
concentrations, ALT and AST levels, serum albumin.

Transient Elastography and VTQ were performed on the
same day, by different physicians, highly experienced and
trained with each method and more than 2 years of experience
in B-mode US. They were blinded to each other’s results and
to the LB results. After elastographic measurements, LB was
performed, in less than a week interval. All biopsy specimens
were analyzed by experienced pathologists (more than 15 years
of experience), who were blinded to the patient’s clinical results
and elastographic measurements.

Histological assessment

Liver biopsy was performed ultrasound-assisted, using
1.4 and 1.6 mm Menghini type modified needles. Only LB
fragments at least 2 cm in length were considered adequate for
pathological assessment. The mean biopsy specimen length was
27 mm. All biopsy specimens were examined by experienced
pathologists (more than 15 years of experience) from the
Pathology Department, Victor Babes University of Medicine
and Pharmacy, Timisoara. The classification score used for the
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analysis of biopsy specimens was the Metavir scoring system,
using a five-point scale [34, 35]: stage FO indicated no fibrosis,
F1 portal fibrosis without septa, F2 portal fibrosis with a few
septa, F3 numerous septa without cirrhosis and F4 cirrhosis.

Transient Elastography

Transient Elastography was performed in all patients
using the FibroScan system (EchoSens, Paris, France), using
the M probe (standard probe - transducer frequency 3.5
MHz). The examinations were performed according to the
EFSUMB and WFUMB guidelines [13, 14]: all patients fasted
for at least 3 hours before the elastographic measurements
were performed, with each patient in a supine position, right
arm in maximum abduction, by intercostal approach, in the
right liver lobe. In each patient, we aimed for 10 valid liver
stiffness (LS) measurements. The median value of 10 valid LS
measurements was calculated and the results were expressed
in kilopascals (kPa). Reliable measurements were defined
as the median value of 10 valid LS measurements with an
interquartile range interval/median ratio (IQR/M) <30%
[13, 14]. Patients with invalid/unreliable measurements were
excluded from the study.

Virtual Touch Tissue Quantification

Virtual Touch Tissue Quantification was performed in
all patients using ARFI imaging technology implemented on
the Siemens Acuson S2000 ultrasound system (Siemens AG,
Erlangen, Germany), using an abdominal curved transducer
(4C1). Liver stiffness measurements were performed according
to the EFSUMB and WFUMB guidelines [13, 14]: each patient
was positioned in a supine position, right arm in maximum
abduction, by intercostal approach, in the right liver lobe (liver
segments V, VII, VIII) and with the transducer at a 90-degree
angle to the liver capsule, in an area free of large vessels. The
ROl is a 5 mm x 10 mm rectangle, which can be freely moved
by the operator in a two-dimensional B mode to a maximum
depth of 8 cm. The ROI was placed at a depth of 2 cm from
the liver capsule taking care to avoid any large vessels or areas
with artifacts. The measurements were taken with minimal
scanning pressure applied by the operator, while the patients
were asked to stop breathing for few moments. Previously the
patients were instructed to avoid deep inspiration or expiration,
to minimize the breathing motion. The median value of 10 valid
LS measurements was calculated and the results expressed in
m/s from VTQ were converted to the Young modulus and
expressed in kiloPascals (kPa) [36]. Reliable measurements
were defined as the median value of 10 valid LS measurements
with an interquartile range interval/median ratio (IQR/M)
<30% [13, 14]. Patients with invalid/unreliable measurements
were excluded from the study.

Statistical analysis

The statistical analysis was made using SPSS v.17 and Med
Calc software. Quantitative variables were expressed as mean
(standard deviation), median and range, and compared using
the non-parametric Kruskal-Wallis test statistics (for more than
two groups) and the non-parametric Mann-Whitney U test (for
two groups comparison). Nominal variables were expressed
as frequencies and proportions and compared using the Chi-

Squared test. Chi-Squared analysis was used to determine
whether technical success and reliable measurements of TE
and VTQ were significantly different. To specify if the LS
values measured by TE, respectively VTQ differ statistically
significantly between the adjacent stages of fibrosis we applied
the Wilcoxon Signed Ranks test. The performance of the
non-invasive methods was estimated using ROC curves by
identifying the optimal cut-off points of different degrees of
liver fibrosis in terms of sensitivity and specificity. The area
under the ROC curve (AUROC) indicates the accuracy of
the studied methods. Correlations between TE and VTQ
measurements were estimated using Spearman’s correlation
coefficient and its two-sided 95% confidence interval (CI),
as calculated with Fisher‘s z transformation. Agreements
between “equivalent Metavir” fibrosis stages on VTQ and TE
were assessed by inter-rater agreement (kappa); two-sided
95% ClIs were also estimated. Kappa values 20.60 and >0.80
were considered indicative of good and very good agreement,
respectively. Any value of p<0.05 was considered statistically
significant.

RESULTS

Baseline characteristics

Two-hundred-forty-five patients diagnosed with chronic
HCV infection or chronic HBV infection were invited to
participate in our study. Eighty-eight patients were excluded
from the study (Fig. 1). Finally, a total of 157 subjects, with
reliable LS measurements with TE and VTQ and LB were
analyzed. Group characteristics are presented in Table I.

Table I. Baseline characteristics of patients with reliable liver stiffness
measurements

Variables Mean + SD
Age (years) 46.8 + 14.02
BMI (kg/m?) 24.9 +2.87
AST (IU/L) 30 +16.39
ALT (IU/L) 35.3 £20.64
Total bilirubin (mg/dL) 1.0 £0.11
Platelets x10° (/mm?®) 254.8 + 61.74
Albumin (g/dL) 4.1+0.22
INR 1.1+0.29
TE (kPa) 82+38
VTQ (kPa) 7.1 +3.81

ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body
mass index; INR: international normalized ratio; SD: standard deviation;
TE: transient elastography; VTQ: Virtual Touch Quantification

In the final cohort of 157 patients, the distribution of
fibrosis severity assessed according to the Metavir staging
system was as follows: 19.7% (31 patients) had no fibrosis,
22.3% (35 patients) had F1, 27.4% (43 patients) had F2, 17.8%
(28 patients) had F3 and 12.7% (20 patients) had cirrhosis.

Among the 169 patients who underwent LS measurements
with TE and VTQ, TE failed to provide LS values in four
patients, and VTQ in two patients. Failure of LSM was due
to narrow intercostal spaces in five patients and to poor
compliance in one patient. There was no significant difference
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Total patients enrolled

n =245
Excluded:
Missing laboratory data n = 35
» History of alcohol consumption n = 20
Taking betablocker medication n = 10
v Exposed to antiviral medication n = 11
Intermediate cohort
n=169
Excluded:
Failure at elastography n =13
» Invalidn =6
Unreliablen =7
Y
Final cohort
n=157

Fig. 1. Study flow diagram.

in the technical success rate of TE (97.6% [165/169]) and VTQ
(98.8% [167/169]) (p=0.41). There were three unreliable LS
measurement on TE and four on VTQ. The unreliable LSM
with TE were due to narrow intercostal spaces, while with
VTQ to narrow intercostal spaces in two patients, and poor
compliance in two patients. All patients who had a technical
failure on TE had reliable LSM on VTQ. One patient who had a
technical failure on VTQ also had unreliable LSM on TE. There
was no statistical difference between the reliable measurements
of TE (98.2% [166/169]) and VTQ (97.6% [165/169]) (p=0.70).

The variability of different parameters according to fibrosis
severity (Metavir) are presented in Table II. Higher age, AST
values, ALT values, total bilirubin, INR, lower platelet count,
and lower albumin were associated with increased fibrosis
stage (Table II).

The median TE values were 6.7 kPa for patients belonging
to the F1 group, 7.3 kPa for patients in the F2 group, 9.15 kPa
for patients in the F3 group and 14 kPa for patients in the F4
group. The median VTQ values for patients belonging to the
F1 group were 5.3 kPa, 6.3 kPa for patients in the F2 group,
7.2 kPa in the F3 group and 13 kPa for patients belonging to
the F4 group. FibroScan and VTQ values significantly increase

with increasing fibrosis stage according to the Metavir staging
system, p<0.001 (Figs. 2a and 2b). Using the Wilcoxon Signed
Ranks Test we found that LS values measured by TE were
significantly greater than those measured by VTQ, in the FO,
F1, F2 and F3 Metavir stages (p=0.013, p<0.001, p=0.008 and
p=0.001), but not in the F4 Metavir stage (p=0.232).

The diagnostic performance of TE and VTQ for predicting
different stages of liver fibrosis, evaluated by ROC analysis are
presented in Table III.

Pairwise comparisons of ROC curves between TE and VTQ
showed no significant differences in their performance for
staging fibrosis: F>1 (p=0.358), F>2 (p=0.313), F>3 (p=0.434)
and F4 fibrosis (p=0.423) (Figs. 3a-d).

We found a significant, direct and strong correlation
between TE and VTQ liver stiffness measurements (rho
Spearman’s coefficient=0.826, with 95%CI for rho: 0.769-0.870,
p<0.001) (Fig. 4).

The association between fibrosis stage classification by the
two diagnostic methods is statistically significant (Chi-squared
Test, p<0.001). The inter-rater agreement (kappa) was 0.545
(moderate agreement), with 95%CI for « (0.449, 0.641), with an
overall proportion of agreement of 51.59% (95%CI: 43.49, 65.71).

Table II. Variability of different parameters according to fibrosis severity (Metavir)

Metavir grades p
Variables FO F1 F2 F3 F4
Age (years) mean + SD 41.5+£12.24 41.1+2.15 48.8+14.62  49.1+£13.53 57.3+11.84 < 0.001
BMI (kg/ m?) mean+SD 24.5+3.21 24.6+2.86 25.3+2.77 25.0+2.78 25.1+2.81 0.866
AST (IU/L) mean+SD 22.3+7.93 25.1+10.15  34.3+x17.21  38.2+23.14  29.5+14.89  <0.001
ALT (IU/L) mean+SD 29.0+£14.83 31.3+£17.69 40.7£22.74 44.2+25.74 28.2+13.17 0.013
Total bilirubin (mg/dL) 1.0+0.07 1.0+0.05 1.0£0.05 1.0£0.11 1.2+0.16 <0.001
mean+SD
Platelets x10*> (/mm?) mean+SD 265.6+49.5 261.5+£59.53 269.0+65.58 256.0+51.89 193.8+55.68 < 0.001
Albumin (g/dL) mean+SD 4.110.22 4.14£0.19 4.110.24 4.140.2 4.0+0.25 0.049
INR mean+SD 1.1£0.28 1.1+0.3 1.0£0.25 1.1£0.3 1.2+0.34 0.042
TE (kPa) mean+SD 5.3+1.19 6.8+1.38 7.2+1.52 9.3+2.13 15.5+4.89 <0.001
VTQ (kPa) mean+SD 4.6£1.73 5.4+1.66 6.5+1.44 7.7+2.01 14.5+4.93 <0.001

For abbreviations see Table I
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Fig. 2. Median liver stiffness values according to fibrosis severity
evaluated by TE (Fig.2a) and by VTQ (Fig. 2b).

Using the TE cut-off value of 7.05 kPa for predicting
significant fibrosis (Metavir F>2), 8.1 kPa for the diagnosis of

severe fibrosis (Metavir F>3) and 9.55 kPa for the diagnosis
of cirrhosis (Metavir F=4), we evaluated the concordance rate
of TE vs histological diagnosis of liver fibrosis. A cumulative
concordance rate of 56.1% was found (k =0.608; 95%CI: 0.523-
0.693) (Table IV). We performed the same analysis using the
VTQ cut-oft value of 5.55 kPa for predicting significant fibrosis
(Metavir F>2), 6.9 kPa for the diagnosis of severe fibrosis
(Metavir F>3) and 8.25 kPa for the diagnosis of cirrhosis
(Metavir F=4). The cumulative rate of concordance was of
54.1% (x =0.587; 95%CI: 0.498-0.675) (Table IV).

Of'the 157 patients, 69 (43.9%) showed discordance between
the TE and Metavir score, while 72 (45.8%) showed discordance
between the VTQ and Metavir score. Several factors possibly
associated with these discordances were analyzed, including
age, gender, BMI, ALT, AST, biopsy specimen length. Only
biopsy specimen length was associated with the discordance
between the TE and Metavir score (p=0.026), respectively VTQ
and Metavir score (p=0.034).

DISCUSSION

The correct evaluation of liver fibrosis in patients with
chronic HBV or HCV infection is of paramount importance
for patient management, especially with the introduction of
potent direct-acting agents (DAA), which can cure chronic
HCV infection with a very high success rate following an
8-24 week course of treatment and the existence of potent
nucleoside/nucleotide analogs that can control almost all
chronic HBV infected patients. The presence of significant
fibrosis is an indication for urgent treatment, whereas the
presence of severe fibrosis and cirrhosis is an indication for
initiating a surveillance program.

Several factors can influence the results of non-invasive
methods for liver fibrosis assessment. A possible explanation
for our results, the increased LS values measured by TE when
compared to VTQ, could lie in the underlying technology used
to generate shear waves, in the case of TE being a low-frequency
mechanical vibration, while VTQ uses high-frequency US

Table III. TE and VTQ Cut-off values and performance for the diagnosis of fibrosis stage according to the Metavir staging system

Cutoff AUC Sensitivity (%) Specificity (%) PPV (%) NPV (%)
(kPa) (95% CI) (95%CI) (95%CI) (95% CI) (95% CI)
F>1(prevalence 80.3%)
TE 6.05  0.876 (0.814,0.923) 82.5(74.8,88.7)  83.9(66.3,94.5)  95.4(88.6,99.8)  54.2 (47.4, 61.0)
VTQ 5.05 0.832(0.765,0.887)  84.1(76.6,90.0)  74.2(55.4, 88.1) 93 (86.2,99.8) 53.5(46.7, 63)
F>2 (prevalence 57.9%)
TE 7.05 0.826 (0.757,0.882)  72.5(62.2,81.4)  81.8(70.4,90.2) 84.6(68.2,81.8) 68.4(61.6,75.2)
VTQ 5.55 0.862(0.798,0.912)  87.9(79.4,93.8)  72.7(60.4,83.0) 81.6(62.3,75.9) 81.4(74.6,88.2)
F=3 (prevalence 30.6%)
TE 8.1 0.907 (0.851,0.948)  87.5(74.8,95.3)  87.2(79.4,92.8) 75 (68.2,81.8) 94.1 (87.3,99.9)
VTQ 6.9 0.88 (0.819,0.927)  79.2 (65.0,89.5)  84.4(76.2,90.6)  69.1(62.3,75.9) 92 (83.4, 97.0)
F=4 (prevalence 12.7%)
TE 9.55 0.981 (0.945,0.996) 100 (83.2,100.0)  88.3 (81.7,93.2) 55.5(48.7, 62.3) 97.7 (92.9, 100)
VTQ 8.25 0.974 (0.935,0.993) 100 (83.2,100.0)  85.4 (78.4,90.8) 50 (43.2,56.8) 98.2(92.4,99.9)

CI: confidence intervals; PPV: positive predictive value, NPV: negative predictive value; TE: transient elastography; VTQ: Virtual Touch

Quantification

J Gastrointestin Liver Dis, June 2020 Vol. 29 No 2: 181-190
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o the M and XL probes are used, different results can occur
[38-40], although some studies have suggested no significant
- differences between results obtained with the M or XL probe
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& as platelet count, level of aminotransferases, albumin, BMI,
- presence of diabetes mellitus type 2, severe steatosis, beta-
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Fig. 4. Correlation between TE and VTQ liver stiffness measurements
(rho Spearman’s coefficient=0.826, with 95%CI for rho: 0.769-0.870,
p<0.001.

»push pulse”. Our results are in accordance with other studies,
where mean LS values obtained by pSWE systems were lower
than those obtained by TE in the lower spectrum of fibrosis,
whereas in cases of liver cirrhosis, although the variability of
LS measurements obtained was higher, the concordance rate
between them followed the same direction [37].

Regarding TE, the M transducer was used for all TE
examinations, to avoid potential bias, because when both

] Gastrointestin Liver Dis, June 2020 Vol. 29 No 2: 181-190

blocker medication, that can influence LS measurements [12,
42-44]. Regarding VTQ, a skin-liver distance >2.5 cm and a
high BMI were taken as confounding factors as they increase
the discrepancy when compared to liver biopsy [45, 46].

Our study has shown that these two methods yielded
similar results. VTQ and TE LS measurements showed a very
good correlation when compared (p<0.001, rho Spearman’s
coefficient=0.826, with 95%CI for rho: 0.769-0.870). We
also found a moderate agreement between the two methods,
kappa=0.545, 95%CI: 0.449-0.641 and a concordance rate
of 51.59%, which is similar to a previously reported study
performed by Rizzo L et al. [47] who found a concordance
rate of 54.7%.

In this study TE was consistently accurate in classifying
stages of fibrosis as F>1, F>2, F>3 or F=4, with AUROCs of
0.87, 0.82, 0.90, 0.97 which was consistent with the findings
of the literature (Table V).

In our study, VTQ had AUROC: of 0.83 for F>1, 0.86 for
F>2,0.88 for F>3, and 0.97 for F=4, results consistent with the
findings of the meta-analyses performed by Friedrich-Rust et
al. [51] and Nierhoff et al. [33] (Table VI).
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Table IV. Analysis of concordance of TE and VTQ versus Metavir stage

FO F1 F2 F3 F4 Total Concordance
rate (%)

FO

TE < 6.05 kPa 26 10 10 2 0 48 54.1

VTQ < 5.05 kPa 23 15 5 0 0 43 53.4
F1

6.05 kPa < TE <7.05 kPa 2 16 10 3 0 31 51.6

5.05kPa < VTQ < 5.55 kPa 1 9 3 3 0 16 56.2
F2

7.05kPa < TE < 8.1 kPa 2 3 16 1 0 22 72.7

5.55kPa< VTQ < 6.9 kPa 4 8 24 7 0 43 55.8
F3

8.1kPa <TE < 9.55kPa 1 5 4 10 0 20 50.0

6.9kPa < VTQ < 8.25 kPa 1 0 5 9 0 15 60.0
F4

TE > 9.55 kPa 0 1 3 12 20 36 55.5

VTQ = 8.25 kPa 2 3 6 9 20 40 50.0
Cumulative concordance
TE k=0.608; 95%ClI: 0.523-0.693 88 56.1
VTQ k=0.587; 95%CI: 0.498-0.675 85 54.1

Table V. Performance of TE for staging liver fibrosis in previous studies

Study year, reference Fibrosis AUC Sensitivity  Specificity
stage (%) (%)
Ziol, 2004 [48] F>2 0.79 56 91
F>3 0.96 86 85
F=4 0.97 86 96
Castera, 2005 [49] F>2 0.83 67 89
F=3 0.90 73 91
F=4 0.95 87 91
Ragazzo, 2017 [50] F>2 0.83 71 92
F=3 0.85 80 79
F=4 0.99 100 99

Table VI. Performance of VTQ for staging liver fibrosis in previous studies

Study Fibrosis Stage AUC
Friedrich-Rust, 2011 [51] F>2 0.87
F>3 0.91
F=4 0.93
Nierhoff, 2013 [33] F>2 0.84
F>3 0.89
F=4 0.91

These results indicate that both methods are good tools
for significant fibrosis and excellent for advanced fibrosis and
cirrhosis. These findings are also consistent with the results
from the meta-analysis performed by Bota et al. [27], who
found TE and VTQ to be equally accurate in diagnosing
significant fibrosis and cirrhosis.

We observed a moderate agreement between the two
techniques for predicting F>2. In our study, the AUROCs of TE
and VTQ were higher for predicting F=4 than F>2 (AUROC

TE 0f 0.87 for F>2, respectively 0.97 for F=4 and AUROCVTQ
of 0.86 for F>2, respectively 0.97 for F=4). Earlier studies also
showed that TE or VTQ was more accurate for predicting
extreme stages of liver fibrosis (F>1 or F=4) than F>2 [10, 16,
18, 20, 23, 28].

We performed pairwise comparisons of ROC curves
between TE and VTQ and were able to demonstrate that there
are no significant differences in their performance for staging
F>1 fibrosis (p=0.358), F>2 fibrosis (p=0.313), F>3 fibrosis
(p=0.434) and F=4 fibrosis (p=0.423). Our study revealed
that both methods have similar performance in diagnosing
all stages of liver fibrosis, results which are consistent with
other studies that found equivalency between TE and VTQ
for diagnosing all degrees of liver fibrosis [27, 52, 53], while
other studies have found TE to be better for the diagnosis of
significant fibrosis [23], and VTQ for both significant and
severe classes of liver fibrosis [47, 50].

The optimal TE and VTQ cut-offs values for staging liver
fibrosis from our study are presented in Table III and IV. We
are aware that the TE cut-offs reported in our study are lower
than the cut-off values reported in previous meta-analyses
for diagnosing different fibrosis stages: for F>2: 7.6kPa (range
5.1-10.1), for F>3: 10.9 kPa (range 8.0-15.4) and for F=4:
15.3 kPa (range 11.9-26.5) in chronic hepatitis C, whereas in
chronic hepatitis B for F>2: 7.0 kPa (range 6.9-7.2), for F>3:
8.2 kPa (range 7.3-9.0) and for F=4: 11.3 kPa (range 9.0-13.4),
respectively [10, 18]. The lower cut-off values reported could be
explained by the small number of patients in our study and the
low prevalence of liver cirrhosis. Another explanation could
be our inclusion criteria (patients with ALT and AST values
<100 IU/L, non-obese), our exclusion criteria (patients with
known type 2 diabetes mellitus, patients exposed to antiviral
treatment, beta-blocker treatment) and performance of TE
measurements using only the M probe, all being confounding
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factors that can influence elastographic measurements, hence
the heterogenicity of reported cut-off values from previous
meta-analyses [9, 10, 12].

In our study, we reported cut-off values expressed in kPa
and to our knowledge, only one study reported their results in
the same way [54]. In this study, Ryu H et al. [54] reported the
mean VTQ values to be lower than TE values (10.5 kPa versus.
15.1 kPa, p<0.001), results which are consistent to our study.

Finally, we must take into consideration that VTQ is
an ultrasound-based elastography method, allowing direct
visualization of liver parenchyma, enabling simultaneous
morphological and Doppler analysis of the liver, screening for
focal liver lesions and evaluation of liver fibrosis. Moreover, the
presence of the B mode allows the examiner to position the
ROl in an area of preference, devoid of liver vessels or masses,
with no measurement limitations due to overweight or the
presence of ascites.

A limitation of our study is the relatively small number of
patients, with a low prevalence of liver cirrhosis, which could
have had an impact on the results. A further methodological
limitation could reside in the accuracy of liver biopsy
examination for assessing fibrosis, which is still defined as a
,gold standard, although we included biopsy specimens >2
cm in length to minimize the limitations previously discussed.

In our study, biopsy specimen length was associated with
the discordance between TE and Metavir score (p=0.026),
respectively the VTQ and Metavir score (p=0.034), which could
be explained by the fact that fibrosis is spread heterogeneously
within the liver during the progression of chronic liver disease,
and can lead to sampling error, since liver biopsy cannot always
be adequate for assessing liver fibrosis [6-8].

The strength in our study lies in the fact that we accounted
for several factors that can impact elastographic measurements,
included non-obese, non-drinker patients, who were enrolled
in a tertiary referral center for liver diseases.

CONCLUSION

Our study offers sufficient evidence to consider VTQ
(a pSWE method) a valuable alternative to TE for the non-
invasive assessment of liver fibrosis in patients with HCV or
HBV chronic infection.
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