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Purpose: This study investigated the effectiveness and feasibility of shear wave elastogra-
phy ((sound touch elastography) STE and (shear wave elastography) SWE) and visual
transient elastography (ViTE) in the noninvasive quantitative diagnosis of liver fibrosis in
chronic liver disease (CLD).

Patients and Methods: A total of 106 patients with CLD underwent STE, SWE and ViTE
elastography evaluation. The Young’s modulus of the three elastography was valuated and
the diagnostic performances of the three techniques for liver fibrosis staging were compared.
The area under the receiver operating curve (ROC) for the diagnosis of liver fibrosis was
compared. The final diagnosis was based on the histological findings on the liver biopsy.
Results: 1) The correlation between ViTE and SWE, ViTE and STE, SWE and STE stiffness
values were 0.72, 0.75, 0.75 (P<0.001). 2) The relationship between the results of each
elastography technique and the stage of pathological liver fibrosis showed that the more
severe the liver fibrosis was, the higher the stiffness value was (all P <0.001). 3) When the
three elastography techniques were used to detect the degree of liver fibrosis in different
pathological stages, there was no statistical difference in the stabilities of the boxplots. 4)
The ROC:s of the three elastography techniques (ViTE, SWE and STE) were 0.88, 0.91, 0.92,
FO vs F1-3; 0.84, 0.84, 0.84, F0O-1 vs F2-4; 0.80, 0.79, 0.77, FO-2 vs F3-4; 0.80, 0.76, 0.71,
F0-3 vs 4; the AUC of VIiTE was higher than the AUC of STE in the identification of F4, but
there were no statistical differences in the AUCs of other groups.

Conclusion: ViTE has good stability for the liver stiffness measurement (LSM) and a high
consistency with shear-wave elastography (SWE and STE). It is an effective tool for
evaluating CLD, and its performance is comparable to SWE and STE. The combination of
ViTE and STE can improve the specificity of disease diagnosis and do not add extra cost and
may improve cost performance.

Keywords: chronic liver disease, liver fibrosis, shear wave elastography, visual transient
elastography, liver stiffness measurement

Introduction

Each year, approximately 2 million people worldwide die from CLD, of which 1 million
die from viral hepatitis and hepatocellular carcinoma and 1 million die from complica-
tions of cirrhosis." The causes of CLD include viruses (mainly hepatitis B or C viruses),
excessive alcohol consumption, etc. Poor nutritional habits may lead to nonalcoholic
fatty liver disease (NAFLD) and steatohepatitis.” The “gold standard” for the diagnosis of
liver fibrosis and cirrhosis is via the pathological examination.” However, due to the
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invasiveness and expensive costs of pathology, approximately
30% of patients will experience side effects such as pain,
bleeding, infection and pneumothorax after needle puncture.
In addition, due to the maldistribution of liver fibrosis and
cirrhosis, the liver tissue obtained by fine needle aspiration is
very small, so variation in the obtained specimens often
occurs.* Shear wave-based ultrasound elastography techni-
ques including transient elastography (TE), two-dimensional
shear wave elastography (SWE) and point shear wave elasto-
graphy (pSWE) are used for the assessment of the liver fibrosis
stage in clinical practice widely.” It is helpful for the diagnosis
of CLD by detecting the propagation speed of the shear wave
velocity in the liver and then converting it into the Young’s
modulus value, which links the stiffness of liver tissue with
fibrosis. TE was the earliest and it is the relatively recognized
elastography technique in clinical practice and has been
included in many guidelines.>® However, the TE techniques
(Fibroscan and Fibrotouch) currently used in clinical practice
still has various problems. For example, due to the lack of two-
dimensional real-time ultrasonographic guidance
(Fibroscan);’ the probe operation can be too complicated
(Fibrotouch) because the image guidance and elastic detection
are successively independent, leading to problems such as an
insufficient positioning guidance and a low detection effi-
ciency. Since the current elastography techniques lack the
ability to identify the intermediate stages of liver fibrosis,
new devices and elastography techniques are constantly emer-
ging in clinical practice, and more clinical studies are needed
to verify these new techniques.®

ViTE is the latest transient elastography technology. The
integrated all-around probe class covers all patients. There is
no need to replace the probe during the inspection. A single
probe can simultaneously reveal the two-dimensional ultra-
sound guidance and the quantitative detection throughout the
entire process, ensuring that blood vessels and lesions are
avoided and that the difficulty of operation is reduced. The
double-loop quality control function in the examination, the
pressure of the probe and the stability of the subject’s breathing
will directly affect the accuracy of the results. The Q-Scan
takes only about 7 seconds to collect 10 sets of valid data,
which greatly improves the efficiency of the examination and
enables more patients to be screened for liver disease.

Patients and Methods

Patients
One hundred and seventy-three patients had undergone three
elastography (ViTE, SWE and STE) examination between

July 1, 2020 and January 15, 2021. The exclusion criteria
were as follows: @ patients who did not want to participate
in the study (n =0); @ BMI>30 kg/m2 (n =8); (3 Patients
without pathologic puncture results.(n =56); @ The results of
the ViTE, SWE and STE stiffness measurements did not
conform to the effective measurement standard (n=3).
Therefore, the final studied population consisted of 106
patients who underwent liver stiffness measurement (LSM)
and liver biopsy (LB) at the Department of Ultrasound, West
China Hospital of Sichuan University were prospectively and
continuously enrolled.

ViTE and STE were performed on the same machine
by an experienced operator (the operator had already used
the machine to practice elastography on more than 500
patients before conducting the study). SWE was completed
by another doctor who also had practiced SWE on more
than 500 patients before the study. This study was
approved by the Ethical Review Committee of the West
China Hospital of Sichuan University, and written
informed consent was obtained from the study subjects.
Patient information was kept confidential and was not used
for any purpose other than research. This study was con-
ducted in accordance with the Declaration of Helsinki.

Image Acquisition

Equipment

ViTE (Figure 1A) and STE (Figure 1B) were determined
using a Mindray colour Doppler ultrasound (China,
Resona7). SWE (Figure 1C) was determined using an
Aixplorer Ultrasound system (France Supersonic). SWE
and STE used an SCI-6U convex array probe with
a frequency 1-6 MHz; ViTE used a LFP5-1U probe with
a probe frequency of 1-5 MHz. Figure 1.

Elastography Examination

After fasting for more than 8 hours, the patients were placed in
the supine position, with their hands behind their head, and
their right upper limb in the fully abducted position to increase
the width of the intercostal space to visualized the right lobe of
the liver. All patients underwent a routine ultrasound exam-
ination before the elasticity measurements. All patients were
examined using ViTE, SWE and STE. The examination
method was based on the imaging guidelines of the
European Federation of Societies for Ultrasound in Medicine
and Biology (EFSUMB)’ and the previous literature.” "' The
probe was placed sections of S5 and S6 of the right intercostal
space in the right lobe, avoiding the long axis of blood vessels,
and the liver parenchyma was clearly displayed on the two-
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Figure | Elasticity maps of three different elastography (A) ViTE; (B) STE; (C) SWE.

dimensional image. The upper edge of the elastic sampling
frame was placed 1-2 cm below the liver capsule, and the
probe was placed with an appropriate pressure. The patient

was instructed to hold his or her breath using calm breathing
state and to avoid deep inhalation or deep exhalation during
the examination. The size of the STE and SWE sampling
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boxes is 4 cm x 3 cm, the colour filling was more than 90%,
the diameter of the region of interest (ROI) is 15 mm, and the
colour was relatively uniform. The STE and SWE were mea-
sured more than 3 times, and the ViTE for more than 10 times.
The median values of both detection methods were calculated
during the statistical analysis.”

STE uses the motion stability (M-STB) index, ranging
from 1 to 5 stars, to monitor the severity of the motion
interference between the sensor and the patient’s skin in
real time. The Resona7 system also provides a quality
control mode for an additional reliability (RLB) chart.
LSMs are considered valid when the M-STB index
shows at least four stars, the RLB map is uniformly
green, and the index is > 95%. In the SWE inspection,
the Q-box was placed at the target location, and the signal
filled more than half of the ROI. SWE was considered to
have failed when there was no or only a small amount of
signal in the acquisition box for all trials.

ViTE is a novel noninvasive quantitative transient elasto-
graphy. Single probe can simultaneously manifest the two-
dimensional ultrasound guidance and quantitative detection
throughout the entire process, ensuring that blood vessels and
diseased parts are avoided, and the difficulty of operation is
reduced. The double-loop quality control function during
inspection, the pressure of the probe and the stability of the
respiration will directly affect the accuracy of the results.
ViTE is equipped with probe pressure ring P and motion
stability ring (M-STB) command indicators, and guides the
standard operation and quality control through intuitively
clear yellow and green light indicators. The patients were
asked to hold their breath and the M-STB was observed to
reach a stable state to trigger the detection.

Effective Measurement Criteria

The ViTE was successfully measured at the same position
for more than 10 times; the STE and SWE were success-
fully measured at the same location for more than 3 times.
The three elastography techniques are all represented by
the median (interquartile interval) [M/IQR], and a ratio of
the IQR/M <30% and a detection success rate of > 60%
are regarded as a valid detection.'?

Pathological Examination

The pathological results of the included patients were obtained
during surgery or with a liver biopsy. The pathological results
were histologically examined by histopathologists with an
extensive experience in liver histology. They were not aware
of the liver elasticity results of the VITE, SWE and STE. Based

13,14

on the Metavir grading system, ~>~ the liver fibrosis stages and

inflammatory activities were evaluated.

Statistical Methods

SPSS 25.0 and MedCalc 19.3 statistical software were used
for data processing. Measurement data conforming to
a normal distribution are represented by the mean + stan-
dard deviation (x + s); a one way analysis of variance was
used to compare the different elastography techniques in
each liver fibrosis period. The Pearson correlation test was
used to analyse the correlation between the elastography
and liver fibrosis staging. ROC curves and areas under
curve (AUCs) were used to compare the diagnostic efficien-
cies of ViTE, SWE and STE. The DeLong test was used to
determine the significance of the AUCs.'® For the identifi-
cation of different fibrosis stages by SWE, ViTE and STE,
the sensitivity and specificity were calculated according to
the optimal cut-off points that maximized the Youden index.
The P-value was two-tailed and a P < 0.05 was considered
statistically significant. The stabilities of the measured
values were evaluated using a boxplot.

Results

Patient Characteristic

A total of 106 patients with valid and reliable LSMs
determined by ViTE, SWE and STE were included in the
study, and there were 51 male and 55 female patients with
a mean age of 51.22+ 12.91 years. According to the
METAVIR G/S scoring system, 37 patients were categor-
ized as F1<, 19 were as F2<, 22 were as F3< and 28 were
as F4. All baseline characteristics of the patients enrolled
in the study are shown in Table 1.

Results of ViTE, SWE and STE of LSMs
The correlation coefficients of ViTE and SWE, ViTE and
STE, SWE and STE were 0.72, 0.75, 0.75 (P values
0f<0.01). The results show that there is a strong correla-
tion between the stiffness values measured by the three
elastography techniques.

The distributions of the ViTE, SWE and STE test results
in each pathological stage of liver fibrosis are shown in
Table 2. There were 16 patients with FO, 21 patients with
F1, 19 patients with F2, 22 patients with F3, and 28 patients
with F4. A one-way analysis of variance was used for the
comparison of each liver fibrosis stage, and the comparison
of stiffness values of pathological stages of liver fibrosis in
each group was statistically significant (P<0.001). The LSMs
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Table | Shows the Characteristics of Patients

Age, mean SD, y 51.22%12.91 (18-81)

Sex n (%)
Male 51 (48.11)
Female 55 (51.89)

BMI (kg/m?) 24.16+4.88

Diagnosis n (%)
HBV 31 (29.25)
AlH 35 (33.02)
Drug-induced liver injury 8 (7.55)
NAFLD 5(4.72)
Others 27 (25.47)

METAVIR n (%)

FO 16 (15.09)
Fl 21 (19.81)
F2 19 (17.92)
F3 22 (20.75)
F4 28 (26.42)

Table 2 LSMs of the VIiTE, SWE and STE in Pathological Analysis
of Liver Fibrosis in Each Group

METAVIR | Cases ViTE STE SWE

FO 16 6.62+2.07 6.74%1.15 5.7+1.56
Fl 21 8.90+2.79 8.96+2.42 8.53£3.15
F2 19 12.27+5.40 | 12.03£5.24 | 10.1+2.84
F3 22 13.77+£5.93 | 12.65+£5.00 | 13.5+£7.80
F4 28 17.56+7.46 | 13.10+4.86 | 14.3+6.47
F values 9.829 8.192 9.36

P values <0.001 <0.001 <0.001

of the three different elastography techniques all increased
with the degree of liver fibrosis.

The stabilities of the VIiTE, SWE and STE liver stiffness
measurements in each stage of liver fibrosis are shown in
Figure 2. The boxes represent IQR (second and third quar-
tiles), the horizontal lines in the boxes represent the median,
the horizontal lines below and above the boxes represent the
first and fourth quartiles, respectively, and the points beyond
the highest and lowest quartiles represent outliers.

The ROC curves of ViTE, SWE and STE for the diagnosis
of F1<, F2<, F3< and =F4 liver fibrosis are shown in Figure 3.
The AUCs of ViTE, SWE and STE were 0.88, 0.92 and 0.91
for F1<stage; 0.84, 0.84 and 0.84 for F2< stage; 0.80, 0.79 and
0.77 for F3< stage; 0.80, 0.76 and 0.71 for F=4 stage, respec-
tively. Except for F=4 AUCs, the difference between ViTE
and STE was statistically significant and the AUCs of the other
pathological stages were not statistically significant.

The diagnostic accuracies (AUCs, cut-off value, sensi-
tivity, specificity) of ViTE, SWE and STE in different liver
fibrosis stages are shown in Table 3.

The combined diagnostic accuracy of ViTE and STE is
shown in Table 4. The combined use of ViTE and STE
increased the diagnostic accuracy, decreased the sensitivity
and increased the specificity.

Discussion

CLD causes continuous damage and inflammation of liver
tissue, leading to liver fibrosis, and eventually cirrhosis.'®
Cirrhosis can lead to liver failure and, in many cases,
hepatocellular carcinoma and death.'” Some studies have

shown'®1?

that an early diagnosis and treatment of CLD
may play a positive role in the prognosis and outcome of
the disease. Therefore, the progression and regression of
liver fibrosis and early cirrhosis were detected and fol-
lowed up to verify the effectiveness of different treatment
options. Ultrasound elastography has been widely
accepted in recent years as a noninvasive and quantitative
method to assess the stiffness of liver tissue. Changes in
stiffness are usually the result of structural deformation
caused by chronic liver injury.?® After years of application
and development, transient elastography (TE) and shear-
wave elastography are now relatively accepted in clinical
practice.”'*> However, TE still needs to improve due to
the problem of a lack of image guidance. ViTE is the latest
elastography technology, which can combine 2D images
and transient elastography simultaneously on a single
probe. It also has a double-loop quality control for the
probe pressure, which improves the breathing stability of
the subject. However, since ViTE has not been used on
a large scale in clinical practice, more studies are needed
for a reference in clinical applications. In this study, ViTE,
SWE and STE were used to evaluate the LSM of patients
with CLD for comparison and to determine the effective-
ness and feasibility of these elastography techniques for
a noninvasive quantitative determination of the degree of
liver fibrosis.

To the best of our knowledge, this is the first study to
compare ViTE performance with that of known and estab-
lished Ultrasound elastographic techniques such as SWE
from Supersonic Imagine and STE from Mindray in CLD
assessment. In this study, ViTE, SWE and STE were
compared with respect to their performance in CLD
assessment. One hundred and six consecutive liver biopsy
validated patients were examined with all three methods.
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Figure 2 Box-plot of three elastography techniques in the stage of liver fibrosis (A) VIiTE; (B) SWE; (C) STE.
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Table 3 Diagnostic Accuracy of VIiTE, SWE and STE for
Different Stages of Liver Fibrosis in CLD Patients

Metavir Staging | AUC | Cut-Off (kPa) | Se (%) | Sp (%)
VIiTE
Fl< 0.88 6.3 75.0 84.4
F2< 0.84 8.8 703 81.2
F3< 0.80 10.0 64.3 80.0
=F4 0.80 14.1 79.5 714
SWE
Fl= 0.92 5.7 75.0 95.6
F2< 0.84 7.0 70.3 84.1
F3< 0.79 8.1 62.6 84.0
=F4 0.76 13.2 80.8 78.6
STE
Fl= 0.91 6.8 56.3 93.3
F2< 0.84 79 67.6 87.0
F3< 0.77 8.9 62.5 82.0
=F4 0.71 12.5 73.1 78.6

Table 4 Diagnostic Accuracy of ViTE and STE by Combining or
Using Either Technique

Metavir Staging AUC Se (%) Sp (%)
Fl<
ViTE<6.3kPa and STE<6.8kPa 0.93 65.0 95.4
ViTE<6.3kPa or STE<6.8kPa 0.94 85.7 859
F2<
ViTE<8.8kPa and STE<7.9kPa 0.87 76.3 84.1
ViTE<8.8kPa or STE<7.9kPa 0.88 79.3 80.0
F3<
ViTE<10.0kPa and STE<8.9kPa 0.83 60.7 9.1
ViTE<10.0kPa or STE<8.9kPa 0.84 74.6 79.1
=F4
ViTE<14.1kPa and STE<12.5kPa 0.87 70.5 93.1
ViTE<14.1kPa or STE<I2.5kPa 0.88 82.0 79.3

In this study, the correlation coefficients between VITE
and SWE, VITE and STE, SWE and STE were 0.72, 0.75,
0.75 (P <0.001 in the inter-device variability study). There is
a strong correlation between the LSM values measured by
the three elastography techniques, indicating that the pairs of
devices have good inter-device consistency. The results of
this study are similar to those of previous studies.'' The
relationship between the LSM values of ViTE, SWE and
STE and the stage of liver fibrosis was evaluated and with
an increase in the degree of liver fibrosis, the Young’s mod-
ulus measured by ViTE, SWE and STE also increased, which
may be related to the pathological progression of liver

fibrosis. The results of this study are consistent with those
of previous studies.?>** The LSM values in the same stage of
liver fibrosis were different in different devices. This may be
because different elastography techniques detect the propa-
gation speed of shear wave velocity in the liver, and then
convert it into Young’s modulus; however, due to the differ-
ence in the center frequency of shear waves and the differ-
ence in the transformation process of the three technologies,
the measured values cannot be equal.?’

Comparisons of the diagnostic efficacy of VIiTE, SWE
and STE in stages of liver fibrosis were evaluated and the
AUCs of ViTE, SWE and STE were 0.92, 0.91 and 0.88 in
FO vs 1-4 stage; 0.84, 0.84 and 0.84 in F<0-1 vs F2-4;
0.77, 0.79 and 0.80 in F<0-2 vs F3-4; 0.71, 0.76 and 0.80
in F<0-3 vs F=4, respectively. There were no statistical
significance in the AUCs of other pathological stages
except that the AUCs of VIiTE and STE at F=4 were
statistically significant. These results indicated that ViTE
and SWE, SWE and STE showed good consistency in the
diagnostic efficacy of liver fibrosis in different groups. The
three elastography systems performed similarly in the
diagnosis of CLD at each stage and were more effective
in the diagnosis of FO <stage. The results of this study are
similar to those of Gatos et al.!'! However, TE and SWE
have higher accuracies in the diagnosis of advanced hepa-
tic fibrosis (F3 <and =F4) in some studies.”*?’ Leung
et al*® showed that SWE was superior to TE in the evalua-
tion of F2< liver fibrosis, while in this study, the AUC
sensitivities of ViTE, SWE and STE for F2< liver fibrosis
were comparable (0.84 vs 0.84 vs 0.84). Previous studies
have shown that SWE and STE are equivalent in predict-
ing liver fibrosis, similar to the results of this study."'

The combined use of ViTE and STE in predicting liver
fibrosis reduced the sensitivity but increased the specificity
for all liver fibrosis stages. It is feasible to use both types of
elastography in a single patient because both probes can be
implemented on a single ultrasound device and do not add
extra cost and may improve cost performance. Because
SWE is not in the same imaging system as ViTE and STE,
it is not clinically feasible to use these two technologies
simultaneously. This research result is the same as that of
Paul. > Since the Resona 7 ultrasound system equipped with
STE and ViTE is consistent with SWE, sonographers have
more options to use ViTE and STE alone or in combination.

Different cut-off values and AUC values to distinguish
different stages of liver fibrosis by elastography have been
published. Different studies come from different countries
and the types of diseases are also different; and age, sex,
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BMI,*’ serum transaminases’’ and postprandial status can
31 Therefore, the cut-off
values of liver stiffness cannot be generalized. Even the

also affect the liver stiffness.

European Federation of Ultrasound Societies for Medicine
and Biology (FUSMB)® and the World Federation of
Ultrasound  Societies for Medicine and Biology
(WFUSMB)** only give the guidelines for the use of
elastography without any of the specific thresholds for
the diagnosis of fibrosis at different stages. The diagnostic
cut-off values and AUC values of ultrasonography elasto-
graphy for liver disease is different with different technol-
ogy, different equipment and different etiology. We have
preliminarily studied a new elastic ultrasound method
(VIiTE) and the results are also preliminarily feasible and
it can be used in combination with another method (STE)
in the same device, which can provide more clinical
options.

There are some limitations to our study. This study did
not consider the height and weight of patients, the sub-
cutaneous adipose tissue thickness. Whether these factors
will affect our quantitative measurement needs to be
explored in future studies. In addition, the sample size
can be further expanded. We observed cases where both
SWE and TE had high LSM values, but the Metavir
staging was low. Liver biopsies are prone to sampling
errors because of the heterogeneity of the effects of fibro-
sis on the liver. In this case, a liver biopsy performed
under the guidance of SWE (from the harder area
depicted) may help to obtain a better tissue sample.
Patients with CLD were included in this paper, including
different disease types. However, studies’® have shown
that there is no significant difference in the diagnostic
of the
NAFLD viral hepatitis and other chronic liver diseases.

manifestations liver fibrosis stage between

Conclusion

The ability of VIiTE to predict liver fibrosis in CLD is
similar to that of SWE and STE, and the consistencies of
the three are adequate. The combination of ViTE and STE
can improve the specificity of disease diagnosis and do not
add extra cost and may improve cost performance.
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