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Abstract

BACKGROUND

It is important to differentiate benign and malignant focal liver lesions (FLLs)
accurately. Despite the wide use and acceptance of shear wave elastography
(SWE), its value for assessing the elasticity of FLLs and differentiating benign and
malignant FLLs is still investigational. Previous studies of SWE for FLLs used
mean elasticity as the parameter to reflect the stiffness of FLLs. Considering the
inhomogeneity of tumor stiffness, maximal elasticity (Emax) might be the suitable
parameter to reflect the stiffness of FLLs and to differentiate malignant FLLs from
benign ones.

AIM
To explore the value of SWE with Emax in differential diagnosis of solid FLLs.

METHODS

We included 104 solid FLLs in 95 patients and 50 healthy volunteers. All the
subjects were examined using conventional ultrasound (US) and virtual touch
tissue quantification(VTQ) imaging. A diagnosis of benign or malignant FLL was
made using conventional US. Ten VIQ values were acquired after 10 consecutive
measurements for each FLL and each normal liver, and the largest value was
recorded as Emax.

RESULTS
There were 56 cases of malignant FLLs and 48 cases of benign FLLs in this study.
Emax of malignant FLLs (3.29 + 0.88 m/s) was significantly higher than that of
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benign FLLs (1.30 + 0.46 m/s, P < 0.01) and that of livers in healthy volunteers
(1.15 £ 0.17 m/s, P < 0.01). The cut-off point of Emax was 1.945, and the area
under the curve was 0.978. The sensitivity and specificity of Emax were 92.9% and
91.7%, respectively, higher (but not significantly) than those of conventional US
(80.4% for sensitivity and 81.3% for specificity). Combined diagnosis of
conventional US and Emax using parallel testing improved the sensitivity to 100%
with specificity of 75%.

CONCLUSION

SWE is a convenient and easy method to obtain accurate stiffness information of
solid FLLs. Emax is useful for differential diagnosis of FLLs, especially in
combination with conventional US.

Key Words: Focal hepatic lesions; Shear wave elastography; Conventional ultrasound;
Maximal elasticity

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Shear wave clastography (SWE) has been used with promising results in the
assessment of liver fibrosis and in the differential diagnosis of thyroid and breast
nodules. However, its value for the differential diagnosis between malignant and
benign focal liver lesions (FLLs) is still investigational. In this study, instead of the
common parameter (mean elasticity), we used maximal elasticity (Emax) as the
parameter to explore the value of SWE in the differential diagnosis of FLLs. Our
results showed that Emax is useful for differential diagnosis of FLLs, especially in
combination with conventional ultrasound.
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INTRODUCTION

Focal liver lesions (FLLs) are common. Accurate differential diagnosis is important for
treatment and assessment of prognosis!l. Conventional ultrasound (US), with the
advantages of real-time imaging, no radiation, and low cost, is the first choice for the
detection and diagnosis of FLLs"\. The diagnostic efficiency, however, is not as good as
that of computed tomography (CT) and magnetic resonance imaging (MRI).

With the development of new US techniques, especially the application of
microbubbles and US elastography (UE), the diagnostic efficiency of US has been
improved rapidly”. The value of contrast-enhanced US (CEUS) for the differential
diagnosis of solid FLLs has been confirmed and the diagnostic efficiency of CEUS is
comparable to or even better than that of contrast-enhanced CT"L.

UE is a useful tool that can provide elasticity information of tissue; a different
physical property other than acoustic impedance. UE, especially shear wave
elastography (SWE), which can provide elastic information quantitatively, is widely
used and with promising results in the differential diagnosis of thyroid and breast
nodules®l. The value of SWE in the assessment of liver fibrosis is significant too!’l.
However, the value of SWE for the differential diagnosis between benign and
malignant FLLs is still investigational according to the guidelines of the World
Federation for Ultrasound in Medicine and Biology for liver UE'. Previous studies of
SWE for FLLs have usually used mean elasticity (Emean) as the parameter to reflect
the stiffness of FLLs!"""?l. However, as tumors (especially malignant tumors) usually
have inhomogeneous stiffness, maximal elasticity (Emax) has been confirmed as the
best performing SWE feature for breast cancers!””. The diagnostic value of Emax for
FLLs has not yet been confirmed.

Virtual touch tissue quantification (VTQ) imaging is one kind of point SWE (pSWE)
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that can determine the stiffness of the tissue in a small region of interest (ROI) and be
shown on screen as a VTQ value (m/s). In this study, we used VTQ imaging with
Emax as the parameter to measure the stiffness of FLLs and to explore the value of
SWE with Emax in the differential diagnosis of FLLs.

MATERIALS AND METHODS

Study design

This study was designed prospectively and approved by the Ethics Committee of
Shanghai First People’s Hospital. Written informed consent was obtained from every
patient before US examination.

Patients

Between July and December 2017, patients in the Department of General Surgery at
the hospital were included if they met the following criteria: (1) Presence of one or
more solid FLLs with a minimum diameter > 1 cm and a maximum depth < 8 cm
shown on conventional US; (2) Patients could follow the instructions of the operator
and control their breath well; and (3) VTQ imaging done successfully with 10 VTQ
values after 10 consecutive measurements. The exclusion criteria were: (1) Known
history of any liver surgery; (2) Known history of chemotherapy, radiotherapy, or
other treatment of liver tumor; and (3) Without definite diagnosis proven
pathologically or by at least two imaging methods (CEUS together with contrast-
enhanced CT and/or MRI in 1 wk before or after VIQ imaging). We included 104 solid
FLLs in 95 patients (57 men and 38 women; aged 22-79 years; mean age 50.9 years).
Fifty normal volunteers (aged 18-65 years; mean age 47.2 years) who had normal
hepatic function, normal a-fetoprotein, no previous medical history of any systemic
diseases, and no intrahepatic lesions examined by conventional US were included in
this study as a control.

Conventional US
All the conventional US examinations were performed by a radiologist with 16 years’
experience in conventional US. An Acuson S2000 diagnostic US system (Siemens
Medical Solutions, Mountain View, CA, United States) with a transabdominal convex
6C1 probe was used. The subjects were all instructed to fast for at least 8 h before the
US examinations.

For the volunteers, a thorough hepatic US scan was used for the exclusion of any
liver lesions, including FLLs and diffuse hepatic diseases.

For the patients, conventional US was used for the detection of solid FLLs. The
location, size, shape, boundary, and echogenicity of the lesion were observed. A
diagnosis as benign or malignant was made and recorded. The diagnostic values of
conventional US were assessed.

VTQ imaging

The same US equipment was used for VTQ imaging after conventional US
examination by another radiologist with 16 years’ experience in conventional US and 5
years’ experience in UE.

The volunteers were asked to assume a supine or left-lateral position. The probe
was positioned on the skin gently with no pressure, and the volunteers were asked to
hold their breath to avoid the effect of breath movement. The ROI (with fixed size as
10 mm x 5 mm) was placed at a depth of 4-6 cm, and tubular structures, such as portal
veins, hepatic veins, and intra hepatic bile ducts, were carefully avoided (Figure 1A).
After 10 consecutive measurements, 10 VTQ values were acquired. The largest VTQ
value was recorded as Emax; the coefficient of variation (CV = mean/standard
deviation) of the VTQ values was calculated and recorded.

The patients were also asked to hold their breath to avoid the effect of breath
movement. The probe was positioned on the skin gently, and the ROI was placed
inside the targeted FLL (Figure 1B). After 10 consecutive measurements, the largest
value was recorded as Emax. The cut-off point of Emax was calculated. The diagnostic
values of Emax were assessed and compared with those of conventional US.

Combined diagnosis of conventional US and Emax
Parallel combined diagnosis of conventional US and Emax was used to improve
diagnostic sensitivity. If a lesion was diagnosed as malignant by either conventional

WJG | https://www.wjgnet.com 7418 December 14,2020 | Volume?26 | Issue46 |



Zhang HP et al. Emax in differentiating solid focal liver lesions

Vs=1.07 m/s | | vs=0.99 mss
Depth=5.2 cm r 4 * Depth=5.4 cm

«

Figure 1 Region of interest in the liver in volunteers and in patients with focal liver lesions using virtual touch tissue quantification. A:
Region of interest (with fixed size 10 mm x 5 mm) for the liver in volunteers was placed at a depth of 4-6 cm, and tubular structures, such as portal veins, hepatic
veins and intrahepatic bile ducts were carefully avoided; B: Region of interest for patients was placed inside the targeted focal liver lesion (a hemangioma shown
here).

US or Emax, the result of combined diagnosis was malignant, and the result of
combined diagnosis was benign when a lesion was diagnosed as benign by both
conventional US and Emax.

Statistical analysis

SPSS version13.0 software (IBM Corporation, Chicago, IL, United States) was used for
statistical analysis. P < 0.05 was considered statistically significant. The data of Emax
were presented as mean * standard deviation and compared using analysis of variance
and least-significant difference method. The cut-off point of Emax was calculated by a
receiver operating characteristic curve. The diagnostic values of conventional US,
Emax, and combined diagnosis were assessed in terms of sensitivity, specificity,
positive predictive value, negative predictive value, and accuracy. The sensitivity and
the specificity of Emax were compared with those of conventional US using
McNemar’s y” test.

RESULTS

Final diagnosis

There were 56 malignant and 48 benign solid FLLs. Among the malignant FLLs, 25
were hepatocellular carcinoma (HCC) and 31 were metastatic hepatic carcinoma
(MHC). Among the benign solid FLLs, 35 were hemangioma, 10 were focal nodular
hyperplasia (FNH), and three were regenerative nodules (RNs).

Diagnostic efficiency of conventional US
Eleven malignant FLLs were misdiagnosed as benign, and nine benign FLLs were
misdiagnosed as malignant using conventional US (Table 1). The sensitivity,

specificity, positive predictive value, negative predictive value, and accuracy were
80.4%, 81.3%, 83.3%, 78.0%, and 80.8%, respectively (Table 2).

Comparison of Emax among normal livers, benign FLLs, and malignant FLLs

The comparison of Emax among normal livers, benign FLLs, and malignant FLLs is
shown in Figure 2. Emax values of the normal livers in volunteers were 1.15 + 0.17 m/s
and ranged from 0.79 to 1.43 m/s. CV values of the VTQ values in each volunteer
ranged from 4.5% to 14.6%. Emax values of the benign FLLs were 1.30 + 0.46 m/s.
Emax values of the malignant FLLs were 3.29 + 0.88 m/s. There were significant
differences among Emax of normal livers, benign FLLs, and malignant FLLs (F =
216.304, P < 0.01). Further multiple comparisons showed significant differences
between Emax values of the malignant and benign FLLs (P < 0.01) and between Emax
values of the malignant FLLs and normal livers (P < 0.01). There was no significant
difference between Emax values of the benign FLLs and normal liver.

Diagnostic efficiency of Emax and comparison with that of conventional US

The cut-off point of Emax was 1.945, and area under the curve (AUC) was 0.978
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Table 1 Diagnostic results of conventional ultrasound and maximum elasticity, n (%)

Conventional ultrasound Emax

Benign Malignant Benign Malignant
Benign, 1 = 48 39 (81.3) 9 (18.8) 44 (91.7) 4 (8.3)
Malignant, 1 = 56 11 (19.6) 45 (80.4) 4(7.1) 52 (92.9)

Emax: Maximum elasticity.

Table 2 Diagnostic efficiency of conventional ultrasound, maximum elasticity, and the combination of conventional ultrasound and

maximum elasticity in differentiating benign and focal live lesions

Positive predictive Negative predictive

Accuracy
value value

Diagnostic methods Sensitivity Specificity

Conventional US 80.4 81.3 83.3 78.0 80.8
Emax 92.9 91.7 929 91.7 92.3

Combination of conventional US 100 75.0 824 100 88.5
and Emax

Emax: Maximum elasticity; US: Ultrasound.

4.5

3.5

2.5
EsD

M Average

1.5

0.5

Malignant FLLs Benign FLLs Normal liver

Figure 2 Comparison of maximum elasticity among normal livers, benign focal liver lesions, and malignant focal liver lesions. °P < 0.01
compared with maximum elasticity (Emax) of benign focal liver lesions (FLLs) or normal livers. Emax of malignant FLLs were statistically significantly higher
compared with Emax of benign FLLs and normal livers. There was no statistically significant difference between Emax values of the benign FLLs and normal livers.

(Figure 3). Using Emax > 1.945 for diagnosis as malignant, four malignant FLLs (one
HCC and three MHCs) were misdiagnosed as benign and four benign FLLs (two
hemangiomas, one FNH, and one RN) were misdiagnosed as malignant (Table 1), with
sensitivity, specificity, positive predictive value, negative predictive value, and
accuracy of 92.9%, 91.7%, 92.9%, 91.7%, and 92.3%, respectively (Table 2). Although
the sensitivity and specificity of Emax were higher than those of conventional US
(92.9% vs 80.4% and 91.7% vs 81.3%), the differences were not statistically significant.

Combined diagnosis of conventional US and Emax

The sensitivity, specificity, positive predictive value, negative predictive value, and
accuracy of combined diagnosis of conventional US and Emax using parallel test were
100%, 75%, 82.4%, 100%, and 88.5%, respectively (Table 2).
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Figure 3 Receiver operating characteristic curves of maximum elasticity for malignant and benign focal liver lesions.
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DISCUSSION

We explored the value of SWE with Emax as a parameter in the differential diagnosis
of solid FLLs. Our results show that SWE is a convenient and easy method that can
provide accurate stiffness information of solid FLLs, and Emax is useful for the
differential diagnosis of FLLs.

SWE, including VTQ imaging as pSWE, has been proven to be a useful and accurate
method for the assessment of liver stiffness!'l. In this study, 50 volunteers with
normal hepatic function and without any intrahepatic lesion were included as
controls. Our results showed that CVs of the VTQ values in each volunteer were
between 4.5% and 14.6%, which proved that VTQ imaging could provide reliable and
reproducible quantitative information.

Although the value of SWE for solid FLLs has not yet been determined definitively,
some studies have used VTQ imaging to differentiate between benign and malignant
FLLs!"'. Akdogan et al'! reported that there were significant differences in VTQ
values between malignant and benign FLLs. A VTQ value of 2.32 m/s was used as a
cut-off value to differentiate malignant liver masses from benign ones, and the
sensitivity, specificity, and AUC were 0.93, 0.60, and 0.826, respectively. Sun et al""
also showed that VTQ values of malignant tumors were significantly higher than those
of benign tumors, with a cut-off of 1.60 m/s and AUC of 0.851. This diagnostic
efficiency was not good enough to meet clinical requirements. In these two studies,
Emean, the performance of which was not as good as Emax for breast cancer, was used
as the parameter to assess the stiffness of each FLL. In our study, we used Emax as the
parameter, and a promising result was achieved (sensitivity 92.9%, specificity 91.7%,
and AUC 0.978).

Although shear stiffness is an important feature of malignant tumors!”""}, there were
still four malignant FLLs among the 56 that were misdiagnosed as benign in our study.
One confusing result in our study was that for a patient with multiple liver metastases
from breast cancer, the Emax values of three targeted metastases were not similar
(4.01, 4.31, and 1.73, respectively). One probable reason was that tumor size may have
affected its stiffness. There may be other reasons for the inconsistency and
misdiagnosis and further studies are needed.

Conventional US is the prerequisite and foundation of SWE. The sensitivity and
specificity of conventional US were 80.4% and 81.3%, respectively, in our study. When
combined with Emax, the sensitivity was improved to 100% with no false-negative
results. This reduced significantly the rate of missed diagnosis and avoided delay of
further diagnosis and treatment for malignant FLLs. Compared with CEUS, VTQ
imaging is easier to operate and interpret, and cheaper, with no risk of allergy caused
by contrast agents. With all these advantages and excellent diagnostic efficiency, it
makes VTQ imaging a good choice for the differential diagnosis of FLLs.

There were some limitations to our study. First, the sample number was not large
enough for the comparison of Emax among different pathological types of FLLs.
Second, because of the technical limitation of VTQ imaging, only FLLs with a
minimum diameter > 1 cm and a maximum depth < 8 cm could be assessed. The ROI
could not be placed directly in the area with highest stiffness of a tumor. Further
studies with a larger sample number and improved techniques are needed to confirm
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our results.

CONCLUSION

In conclusion, SWE is a convenient and easy method that can provide accurate
stiffness information of solid FLLs. Emax is useful for the differential diagnosis of
FLLs, and combined with conventional US, the diagnostic efficiency is improved.

ARTICLE HIGHLIGHTS

Research background

Shear wave elastography (SWE), which could reflect tissue stiffness quantitatively, is
the technologic leap of ultrasound (US) and is playing a more and more important role
clinically. SWE is a convenient and cheap method with good repeatability and without
any risk of radiation. The values of SWE in the differential diagnosis of thyroid and
breast nodules and the assessment of liver fibrosis are significant. However, its value
for the differential diagnosis between malignant and benign focal liver lesions (FLLs)
was not widely accepted yet.

Research motivation

The World Federation for Ultrasound in Medicine and Biology guidelines 2018 did not
recognize the value SWE for the differential diagnosis between malignant and benign
FLLs. Previous studies about SWE application in liver usually used mean elasticity as
the parameter. Considering the inhomogeneity of the stiffness of FLLs, maximal
elasticity (Emax) might be the suitable parameter to reflect the stiffness of FLLs and to
differentiate malignant FLLs from benign ones. So, it was necessary to explore the
value of SWE with Emax in differential diagnosis of solid FLLs.

Research objectives
We aim to explore the value of SWE with Emax in differential diagnosis of FLLs.

Research methods

This study included 104 solid FLLs and 50 healthy volunteers, who were examined
using conventional US and SWE. Coefficient of variation (CV) of virtual touch tissue
quantification (VTQ) values in each volunteer was calculated after 10 consecutive
measurements for each liver. Each lesion was diagnosed as benign or malignant using
conventional US by a radiologist with 16 years” experience in US. The largest VIQ
value was recorded as Emax after 10 consecutive measurements for each FLL. The cut-
off point of Emax was calculated by a receiver operating characteristic curve. The
diagnostic efficiencies of conventional US, Emax, and combined test was calculated
and compared.

Research results

The sensitivity, specificity, positive predictive value, negative predictive value, and
accuracy of conventional US were 80.4%, 81.3%, 83.3%, 78.0%, and 80.8%, respectively.
CV of the VTQ values in each volunteer ranged from 4.5% to 14.6%. Emax of
malignant FLLs (3.29 + 0.88 m/s) was significantly higher than that of benign FLLs
(1.30 £ 0.46 m/s, P < 0.01) and that of livers in healthy volunteers (1.15 + 0.17 m/s, P <
0.01). The cut-off point of Emax was 1.945, and the area under the curve was 0.978. The
sensitivity and specificity of Emax were 92.9% and 91.7%, higher (but not significantly)
than those of conventional US. Combined diagnosis of conventional US and Emax
using parallel testing improved the sensitivity to 100% with specificity of 75%.

Research conclusions

SWE is a convenient and easy method that can provide accurate stiffness information
of solid FLLs. Emax is useful for the differential diagnosis of malignant and benign
FLLs, and combined with conventional US, the diagnostic efficiency is improved.

Research perspectives
In this study, we demonstrated the value of SWE with Emax in differential diagnosis
of FLLs. Prospective study with large numbers of patients and different kinds of FLLs

WJG | https://www.wjgnet.com 7422 December 14,2020 | Volume?26 | Issue46 |



Jaishideng®

Zhang HP et al. Emax in differentiating solid focal liver lesions

will be needed to confirm the results. The application of two-dimensional SWE may be
more convenient and accurate for differentiating FLLs.
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