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Abstract The purpose of this study was to investigate the

value of virtual tissue quantification (VTQ) of acoustic

radiation force impulse elastography for the differential

diagnosis of benign and malignant focal liver lesions

(FLLs). Thus, a total of 134 FLLs in 134 patients were

included. VTQ measurement was performed for each le-

sion in which the shear wave velocity (SWV) was mea-

sured. The difference in SWV and SWV ratio of FLL to

surrounding liver between malignant and benign FLLs was

evaluated, and the cutoff value was investigated. Receiver

operating characteristic (ROC) curve was plotted to eval-

uate the diagnostic performance. A total of 134 lesions

including 55 (41.0 %) malignant FLLs and 79 (59.0 %)

benign ones were analyzed. The SWV of malignant and

benign FLLs was 2.95 ± 1.00 m/s and 1.69 ± 0.89 m/s,

respectively. Significant difference in SWV was presented

between malignant and benign FLLs (p \ 0.001). The

SWV ratio of each FLL to the surrounding liver

parenchyma was 1.83 ± 1.32 for malignant and 1.26 ±

0.78 for benign FLLs (p \ 0.001). The area under the ROC

curve in distinguishing malignant from benign lesions was

0.824 for SWV and 0.660 for SWV ratio. The cutoff value

for differential diagnosis was 2.13 m/s for SWV and 1.37

for SWV ratio. The associated sensitivity and specificity

were 83.3 and 77.9 % for SWV and 59.6 and 77.3 % for

SWV ratio, respectively. In conclusion, VTQ provides

quantitative stiffness information of FLLs and is helpful in

the differential diagnosis between malignant and benign

FLLs, particularly for the patients who are not candidates

for contrast-enhanced imaging such as CT, MRI or con-

trast-enhanced ultrasound.
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Introduction

Focal liver lesions (FLLs) are common findings during

routine abdominal examinations. Conventional ultrasound

(US) is used as the first imaging modality to evaluate FLLs.

Although magnetic resonance imaging (MRI), computed

tomography (CT) and contrast-enhanced ultrasound

(CEUS) have a high-level diagnostic accuracy in assessing

the morphology of a FLL [1–4], there are some limitations

for each technology. Patients who have any metallic ma-

terials within the body (artificial joints, heart pacemakers,

artificial heart valves, etc.) cannot be scanned with MRI

because of the risk that the magnet may move the metal in

these areas [5]. The CT scan will expose patients to ra-

diation hazards [6].
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Furthermore, the enhanced CT scan might introduce

contrast medium-induced side effects. Patients with un-

stable cardiopulmonary status, including patients with un-

stable angina, acute myocardial infarction, respiratory

failure or recent congestive heart failure, are the con-

traindications of CEUS. In addition, CEUS is not appli-

cable to the pregnant or lactating women [7].

Acoustic radiation force impulse (ARFI) elastography

has been introduced as a new US modality, which uses

focused ultrasound to produce shear waves in the tissue [8].

It provides information about the local mechanical prop-

erties of tissue quantitatively and noninvasively [9, 10].

Instead of applying pressure manually to the surface of the

specific organ as shown in conventional US elastography,

ARFI produces localized displacements in tissue using

acoustic pulse [11, 12]. When ARFI imaging is undergo-

ing, tissue is mechanically excited by using short-duration

acoustic pulse to generate small (1–10 lm) localized tissue

displacements, and the displacement response can be ul-

trasonically tracked through time [13, 14]. ARFI elastog-

raphy includes two technologies that are named as virtual

touch tissue (VTI) and virtual touch tissue quantification

(VTQ). The VTI looks at the displacement amplitudes

caused by an acoustic push, whereas VTQ uses the same

acoustic push but looks at the displacements lateral to the

push to examine how fast the resulting shear wave propa-

gates. This study focused on investigating the application

of VTQ in differentiating benign from malignant FLLs. By

measuring the time to peak displacement at each lateral

location, the shear wave velocity (SWV, m/s) within the

region of interest (ROI) can be calculated. ARFI elastog-

raphy obtains SWV with a metering box of the ROI at

variable depth, allowing the examination of specific liver

areas [15]. Its quantitative implementation is named as

VTQ which provides an objective numerical evaluation of

the tissue elastic properties [11, 16]. ARFI elastography has

been performed in the tissue such as breast, thyroid, kid-

ney, and pancreas [17–21]. The other clinical application of

this approach is noninvasive quantification of liver stiffness

in the setting of fibrosis, cirrhosis and steatosis [22–26].

Sporea et al. [24] found that there was a statistically sig-

nificant correlation between histological fibrosis and ARFI

measurement, and the best performance of this method was

in the prediction of severe fibrosis and cirrhosis. The

clinical application of VTQ has also been expanded to

characterize the focal liver masses beyond merely assess

liver fibrosis.

In recent years, there have been some studies in investi-

gating the potential usefulness of ARFI elastography to

differentiate focal hepatic masses with the wide range of

sensitivities (from 81.3 to 97.1 %) and specificities (from 81

to 100 %) [27–33]. However, some of them only evaluated

the value of ARFI in distinguishing hemangiomas from

metastases [28] or in differentiating hemangiomas from

malignant tumors [33]. In addition, all the previous studies

investigated the differential diagnostic value of VTQ in

liver masses by absolute value of SWV, and the influence

of adjacent liver tissue was not considered. To our

knowledge, no study applied the SWV ratio of SWV of

FLL to that of its surrounding liver tissue to evaluate the

diagnostic value of VTQ. This study aimed to investigate

the diagnostic performance of VTQ for distinguishing

malignant from benign liver lesions by using the SWV of

FLL and the SWV ratio of FLL to that of its surrounding

liver parenchyma.

Materials and methods

Subjects and study design

This prospective study was carried out from January 2013

to August 2013. A total of 155 consecutive patients were

referred to ARFI examination after one or more FLLs were

detected on conventional US. The enrollment criteria were

as follows: (1) FLLs detected on conventional US; (2) solid

or almost solid lesions based on US findings; and (3) the

depth of the lesion was less than 8 cm from body surface.

Twenty-one patients were excluded from the study, and the

exclusion criteria were as follows: (1) with lesion smaller

than the size of the sampling box for SWV measurement

(n = 4); (2) data loss (n = 7); (3) poor image quality (e.g.,

patient inability to hold breath as required or the lesions

were too close to the heart) (n = 6); and (4) treatment such

as biopsy or ablation was performed on the lesions before

(n = 4). Finally, 134 patients with valid SWV measure-

ments on ARFI were included. Regarding the patient who

had multiple FLLs, only the most conspicuous one on US

was chosen (Fig. 1). The mean age of the included patients

was 53.1 ± 12.3 years (range 22–79 years). There were 64

men and 70 women. The mean diameter of the lesions was

43.7 ± 25.6 mm (range 10–159 mm). The clinical inves-

tigation was conducted according to the principles ex-

pressed in the Declaration of Helsinki. The study was

approved by the Ethical Committee of the University

Hospital, and informed consent was obtained from all the

patients.

ARFI elastography

ARFI elastography was performed with Acuson S2000 US

system (Siemens Medical Solutions, Mountain View, CA,

USA), equipped with a 4-1-MHz convex array probe. The

ARFI technique was commercially available and was

routinely used in clinical settings.
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All the ARFI elastography was operated by a single

radiologist who had more than 3 years of experience in

ARFI elastography. After the target lesion was identified

by conventional B-mode US imaging, it was placed in the

center of the screen with sufficient surrounding liver tissue

simultaneously. Then, the image settings were optimized to

obtain high-quality image. Subsequently, the patient was

asked to hold breath and ARFI elastography was started to

measure. The probe was placed gently on the body surface

with light pressure on the liver when performing ARFI.

The ROI was characterized by a box with a fixed size of

10 mm 9 6 mm and was entirely located in the solid

portion of the lesion excluding any vascular or biliary

structures. The presence of degeneration, such as necrotic,

cystic or calcified portions, was not included in the ROI.

The ARFI measurement was activated, and the SWV value

(in m/s) was displayed on the screen. The measurement

was repeated for seven times. Afterwards, the ROI cursor

was moved to the surrounding liver tissue at the same depth

about 2–3 cm away from the target lesion, and the mea-

surement was repeated for seven times. The minimum and

maximum values were eliminated, and the mean of the rest

five measurements was conducted for the data analysis.

The whole procedure was performed for each patient about

5–10 min without any additional cost and inconvenience

for all patients. According to the data provided by Siemens

Corporation, the range for the SWV is 0.5–5.00 m/s in

abdomen measurement. The value of out of the range is

displayed as ‘‘x.xx m/s,’’ which means not applicable

(NA). In other words, both extremely hard and soft tissues

are shown as ‘‘x.xx m/s.’’ After excluding the possible

influencing factors such as patient’s respiration and op-

erator’s inappropriate gesture, the value of ‘‘x.xx m/s’’ was

allocated to be 0.5 m/s (corresponding cystic portion) or

5.00 m/s (corresponding solid portion). The SWV ratio of

each FLL to surrounding liver parenchyma was also

calculated.

Final diagnoses and reference standard

The final diagnoses of the FLLs were determined by clin-

ical diagnoses or histological diagnoses. There were 11

patients confirmed by pathological examination with spe-

cimens obtained from surgery, and the remaining patients

were diagnosed by clinical data, patient history and other

imaging modalities (CT or MRI). For the patients without

pathological results, the recent guidelines were referenced,

and all the data of the patients were reviewed by a senior

radiologist who had more than 19 years of experience in

liver imaging. A clinical diagnosis of hepatocellular car-

cinoma (HCC) was made according to the American As-

sociation for the Study of Liver Disease (AASLD)

recommendation that typical findings of arterial hypervas-

cularity and subsequent washout were documented on dy-

namic CT or MRI in patients with liver cirrhosis [34, 35].

The cholangiocellular carcinomas (CCCs) were all con-

firmed by pathological examination. Metastases were

confirmed by pathological results of the origin tumors,

newly detected lesions in the liver and typical findings on

contrast-enhanced CT or MRI. According to the previous

literature, the benign lesions such as hemangioma, focal

fatty degeneration, focal fatty sparing and focal nodular

hyperplasia (FNH) were confirmed by typical imaging

findings on contrast-enhanced CT or MRI.

Hemangiomas were confirmed by the typical findings of

peripheral or complete homogeneous fill-in from arterial

phase to portal venous phase and hypo-enhanced in delay

phase [36, 37]. FNH has a fairly consistent appearance in

MRI, which was iso-intense (except for a central scar) and

indistinguishable from normal hepatic parenchyma on all

pulse sequences [38]. Focal fatty degeneration and focal

fatty sparing were confirmed by the background of fatty

liver disease and the iso-enhancement with the surrounding

hepatic parenchyma; besides, no change in size, shape and

echogenicity for all the lesions was found in a US follow-

up over 1 year. Liver abscess was confirmed by percuta-

neous drainage or imaging follow-up.

Finally, the malignant lesions included HCC (n = 24),

CCC (n = 5) and metastases (n = 26; seven from colon

cancers, two from rectal cancers, five from pancreatic

cancers, four from gastric stromal tumors, three from

Fig. 1 Flowchart of the selection of the FLLs
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gallbladder cancers, three from breast cancers, one from

ovarian cancer and one from esophagus cancer). Benign

lesions included hemangioma (n = 47), focal fatty de-

generation (n = 8), focal fatty sparing (n = 8), liver ab-

scess (n = 9) and FNH (n = 7).

Statistical analysis

The SPSS version 18.0 software package for Windows

(SPSS Inc, Chicago, IL) was used for statistical analysis of

the data. Continuous variables were expressed as

mean ± standard deviation (SD) and ranges. The v2 test

was used to compare categorical variables. The differences

between the SWV of FLLs and their surrounding liver

parenchyma were analyzed with independent t test. The

differences among the SWV of each type of FLLs were

evaluated with analysis of variance (ANOVA) test. Re-

ceiver operating characteristics (ROC) curve and areas

under the ROC (AUROC) were used to estimate the di-

agnostic performance. The cutoff value was defined by

considering the highest sum of sensitivity and specificity.

p value \ 0.05 was considered as statistically significant.

Results

A total of 134 lesions [55 (41.0 %) malignant lesions and

79 (59.0 %) benign lesions] were assessed. The mean age

of the patients was 53.1 ± 12.3 years (range 22–79 years),

including 64 male and 70 female. There was significant

difference between the mean age of patients with malignant

masses (61.6 ± 9.2 years, range 37–79 years) and the

mean age of patients with benign lesions (50.4 ± 13.1

years, range 22–79 years) (p \ 0.001).

In the patients with malignant masses, there were 33

men and 24 women. There were 40 men patients and 57

women patients with benign lesions. There was gender

significant difference between the malignant and benign

lesions. The mean diameter of the lesions was

43.7 ± 25.6 mm (range 10–159 mm). There was statisti-

cally significant difference between the mean diameter of

malignant masses (54.4 ± 34.3 mm, range 13–159 mm)

and the mean diameter of benign ones (33.1 ± 22.7 mm,

range; 11–108 mm). The SWVs were 3.07 ± 0.89 m/s

(range 1.53–5.00 m/s) in HCCs (Fig. 2), 3.44 ± 1.18 m/s

(range 2.27–5.00 m/s) in CCCs, 2.74 ± 1.06 m/s (range

0.72–4.73 m/s) in metastases (Fig. 3), 1.48 ± 0.70 m/s

(range 0.69–3.68 m/s) in hemangiomas (Fig. 4), 1.71 ±

0.65 m/s (range 0.95–2.64 m/s) in focal fatty degen-

erations, 1.51 ± 1.15 m/s (range 0.81–4.33 m/s) in focal

fatty sparing, 2.46 ± 0.98 m/s (range 1.29–3.90 m/s) in

liver abscess and 2.30 ± 1.18 m/s (range 1.02–4.44 m/s)

in FNH, respectively.

The SWV values for metastases and FNHs were sig-

nificantly higher than those for their surrounding liver

parenchyma (p \ 0.05). However, the SWV values of the

other FLLs were similar to those for their surrounding liver

parenchyma. The SWVs of FLLs, surrounding liver

parenchyma and the SWV ratios of FLLs to surrounding

liver tissues are presented in Table 1.

A full matrix of pairwise comparison between all the le-

sions was made. The SWV of HCCs was 3.07 ± 0.89 m/s

(range 1.53–5.00 m/s), which was significantly higher than

focal fatty degeneration (1.71 ± 0.65 m/s, range 0.95–

2.64 m/s. p = 0.006) and hemangioma (1.48 ± 0.70

m/s, range 0.69–3.68 m/s, p \ 0.001). The SWV of metas-

tases was 2.74 ± 1.06 m/s (range 0.72–4.73 m/s), which

was significantly higher than hemangioma (p \ 0.001). The

SWV value of the surrounding liver of HCC was higher than

the surrounding liver of other lesions (p \ 0.05), except the

surrounding liver of CCC (p = 0.986) and abscess (p =

0.637) (Table 1).

The HCCs, CCCs and metastases were categorized into

a malignant liver mass group (n = 55), and the others were

classified into a benign lesion group (n = 79). The SWVs

of malignant and benign FLLs were 2.95 ± 1.00 m/s

(range 0.72–5.00 m/s) and 1.69 ± 0.89 m/s (range

0.69–4.44 m/s), respectively. The SWV ratios of FLLs to

their surrounding liver tissues were 1.83 ± 1.32 (range

0.39–6.43) for the malignant FLLs and 1.26 ± 0.78 (range

0.33–5.73) for the benign ones (Table 1).

The AUROC for the SWV was 0.824 (95 % CI

0.748–0.899) and 0.660 (95 % CI 0.555–0.765) for the

SWV ratio in discriminating malignant from benign FLLs

(Figs. 5, 6). The corresponding sensitivity, specificity,

positive predictive value (PPV) and negative predictive

value (NPV) for SWV and SWV ratio are presented in

Fig. 5. The best cutoff value was 2.13 m/s for SWV and

1.37 for SWV ratio in distinguishing malignant lesions

from benign ones.

Discussion

Consistent with previous studies [27–33], the mean SWV

of malignant liver masses (2.95 m/s) in our study was

higher than that of benign lesions (1.68 m/s). This finding

indicates that malignant liver masses were harder than

benign ones. The mean SWV of HCCs in our study was

3.07 m/s, which was higher than that of above-mentioned

studies (2.45–2.66 m/s), whereas the SWVs of metastases

(2.74 m/s) and CCCs 3.44 m/s were close to their reports

(2.18–3.20 m/s in metastases, 1.65–3.74 m/s in CCC) [27,

30–33]. These results were likely due to the constitution of

pathological tissues. FLLs with more fibrous tissue are

potentially stiffer, but FLLs with more vascular component
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Fig. 2 A 49-year-old woman with an HCC. a B-mode US image of the lesion. b Microscopically, abundant hepatocytes arranged densely.

c VTQ of the lesion shows the SWV is 2.85 m/s. d The SWV of the surrounding liver parenchyma is 2.29 m/s

Fig. 3 A 59-year-old man with a metastasis liver cancer (originated

from colon cancer). a B-mode US image of the lesion. b Micro-

scopically, massive necrosis (*) was observed markedly among the

tumors. c VTQ of the lesion shows the SWV is displayed as x.xx m/s

(i.e., 5 m/s). d The SWV of the surrounding liver parenchyma is

1.47 m/s
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tend to be softer [30]. CCC is comparatively the hardest

lesion because it is rich in fibrotic tissue instead of vessels.

HCC is composed of hepatocytes, rich vessels and less

fibrotic tissue, which makes it relatively softer than CCC.

A larger-scale study with increased sample size and exact

comparison between the HCCs and CCCs should be per-

formed in the future. Stiffness of metastasis depends on the

amount of fibrous and vessels of the tumor.

The mean SWV for hemangiomas was 1.48 m/s with a

wide range of 0.69–3.68 m/s in this study. It was compa-

rable to the other two previous studies (1.51 and 1.35 m/s)

[27, 28], whereas the values in other reports were higher

(2.36, 1.83 and 1.80 m/s) [31–33]. Why hemangiomas

have such a variation in stiffness may be explained by the

pathological spectrum of hemangiomas. Hemangiomas are

composed of cavernous vascular spaces of varying sizes

lined by a single layer of flat endothelium and separated by

thin fibrous septa. Thus, hemangiomas composed by mul-

tiple circuitous vascular sinus filled with blood would be

expected to be soft ideally, which means they would have

low SWVs. In contrast, hemangiomas contain various

amounts of fibrous septa or include pathological degen-

eration such as thrombosis or calcification would be stiff

and have high SWVs [12]. In other word, the variability in

SWVs for hemangiomas might be based on the amount of

fibrous septa that divide the dilated sinusoid [27]. The

mean SWV for FNHs (2.30 m/s) in our study was sig-

nificantly different from other two studies, which was

1.90 m/s [30] and 0.97 m/s [32], respectively. This dis-

crepancy may because of great disparity of sample size in

each study. The primary components of FNH are hyper-

plastic hepatic cells and vessels except for the central scar;

thus, it tends to be relatively softer than malignant lesions.

For the differential diagnosis of FLLs, the underlying

background of liver fibrosis should not be overlooked.

Some previous studies proposed that HCCs generally ap-

peared relatively softer than the surrounding liver tissue

and the stiffness of HCC decreased with increasing hepatic

parenchymal fibrosis grade [39, 40], whereas metastases

and hemangiomas generally appeared harder than the ad-

jacent liver parenchyma [32, 39, 40]. Our results about

comparing HCCs and hemangiomas to their surrounding

liver parenchyma seemed to be inconsistent with the above

reports. In our study, the SWVs for HCCs and heman-

giomas were equivalent to those of their surrounding liver

parenchyma. However, the SWVs for metastases and FNHs

were higher than those of their surrounding liver tissue.

Since metastases and FNHs were encountered in patients

without underlying chronic liver disease in most situations,

the SWVs seemed to be consistently higher than those of

background liver. On the contrary, HCCs were always

encountered in patients with underlying chronic liver

Fig. 4 A 39-year-old woman with a hemangioma. a B-mode US image of the lesion. b Microscopically, hemangiomas composed by multiple

circuitous vascular sinus. c VTQ of the lesion shows the SWV is 1.39 m/s. d The SWV of the surrounding liver parenchyma is 0.89 m/s
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disease, and diverse degrees of background liver fibrosis,

the comparative results between SWVs of HCCs and those

of surrounding liver differed among studies were caused by

the characteristics of each study [32, 33, 39, 40]. We found

that there was statistically significant difference between

the SWV value of the surrounding liver of HCC and the

surrounding liver of other lesions, except the surrounding

liver of CCC and abscess. The reason is that CCC, like

HCC, usually combines with varying degrees of liver fi-

brosis as a type of primary liver cancer. There were three

patients of abscess with relatively high mean SWV values

(2.76, 3.44 and 3.45 m/s) of the surrounding liver tissues of

lesions, which were caused by perilesional hyperemia or

inflammation. These high mean SWV values affected on

the statistic result. This indicates that simultaneously

measuring SWVs of FLLs and the surrounding liver should

focus on evaluating the individual characteristics of the

hepatic lesion and background fibrosis to prevent a mis-

diagnosis of the FLL using the correlation of SWVs be-

tween the hepatic lesion and surrounding liver parenchyma.

Additionally, the SWVs for CCCs appeared higher than

those of their surrounding liver parenchyma, but there was

no significant difference between them. The reason might

be the limited samples of CCCs. In this regard, a larger

amount of cases would be needed in further study to pre-

vent potential bias. The similar situation also happened in

focal fatty degeneration, focal fatty sparing and liver ab-

scess. Thus, we need to make comprehensive diagnosis by

considering conventional US characteristics and clinical

features as well.

Table 1 SWVs of FLLs and the SWV ratios of FLLs to surrounding liver parenchyma

Lesion no SWV of lesions (m/s) SWV of surrounding tissue(m/s) SWV ratio pa

All 134 2.37 ± 1.51

(0.69–5.00)

1.74 ± 1.06

(0.69–5.00)

1.48 ± 1.05

(0.33–6.43)

\0.001

Malignant 55 2.95 ± 1.00

(0.72–5.00)

2.00 ± 0.98

(0.69–5.00)

1.83 ± 1.32

(0.39–6.43)

\0.001

HCC 24 3.07 ± 0.89b

(1.53–5.00)

2.72 ± 0.83c

(1.72–5.00)

1.29 ± 0.84

(0.46–6.23)

0.141

CCC 5 3.44 ± 1.18

(2.27–5.00)

2.20 ± 0.92

(1.28–3.58)

1.71 ± 0.59

(0.76–2.23)

0.099

Metastasis 26 2.74 ± 1.06b

(0.72–4.73)

1.85 ± 0.84c

(0.69–3.87)

1.76 ± 1.32

(0.39–6.43)

0.003

Benign 79 1.68 ± 0.88

(0.69–4.44)

1.49 ± 0.75

(0.72–4.09)

1.26 ± 0.78

(0.33–5.73)

0.157

Hemangioma 47 1.48 ± 0.70b

(0.69–3.68)

1.51 ± 0.80c

(0.72–4.09)

1.09 ± 0.48

(0.33–3.10)

0.833

Focal fatty degeneration 8 1.71 ± 0.65b

(0.95–2.64)

1.39 ± 0.50c

(0.78–2.13)

1.24 ± 0.23

(0.89–1.57)

0.279

Focal fatty sparing 8 1.51 ± 1.15

(0.81–4.33)

1.26 ± 0.34c

(0.76–1.84)

1.45 ± 1.73

(0.64–5.73)

0.577

FNH 7 2.30 ± 1.18

(1.02–4.44)

1.23 ± 0.18c

(0.92–1.45)

1.89 ± 0.94

(0.95–3.54)

0.033

Abscess 9 2.46 ± 0.98

(1.29–3.90)

1.91 ± 1.01

(0.94–3.46)

1.44 ± 0.69

(0.84–3.05)

0.266

ARFI acoustic radiation force impulse, SWV shear wave velocity, HCC hepatocellular carcinoma, CCC cholangiocellular carcinoma, FNH focal

nodular hyperplasia
a t test, comparison between SWV of lesion to SWV of surrounding liver tissue
b ANOVA test, pairwise comparison on SWV of lesion. There are statistically significant differences between the following pairs: HCC versus

hemangiomas (p \ 0.001), HCC versus focal fatty degeneration (p = 0.006) and metastases vs. hemangiomas (p \ 0.001). There are no

statistically significant differences between the other pairs
c ANOVA test, pairwise comparison on SWV of surrounding liver parenchyma. There are statistically significant differences between the

following pairs: surrounding liver tissue in HCC versus surrounding liver tissue in metastasis (p = 0.036), surrounding liver tissue in HCC versus

surrounding live tissue in hemangioma (p \ 0.001), surrounding liver tissue in HCC versus surrounding liver tissue in focal fatty degeneration

(p \ 0.001), surrounding liver tissue in HCC versus surrounding liver tissue in focal fatty sparing (p \ 0.001) and surrounding liver tissue in

HCC versus surrounding liver tissue in FNH (p \ 0.001). There are no statistically significant differences between the other pairs
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We obtained the best cutoff value of 2.13 m/s for SWV

and 1.37 for SWV ratio in diagnosing malignant liver le-

sions. The cutoff value for SWV was similar to most of

previous reports (2.0–2.73 m/s) [27–29, 33]. However,

Park et al. [32] reported the value as 1.82 m/s, which was

much lower than ours and other studies. Although the

cutoff value for SWV may be useful to our routine US

evaluation, it should be applied cautiously in clinical

practice. Our cutoff value would have a higher accuracy in

identifying HCC, CCC, hemangioma, focal fatty degen-

eration and focal fatty sparing. However, it would mis-

characterize metastasis with a relatively low SWV, or FNH

and abscess with a relatively high SWV. Thus, we need to

make comprehensive judgment by considering conven-

tional US characteristics and clinical features as well. The

SWV ratio of FLL to surrounding liver tissue was firstly

introduced in the present study, which took into account

the influence of the background liver parenchyma. How-

ever, after adding the SWV ratio for analysis, the sensi-

tivity and specificity, respectively, decreased from 83.3 to

59.6 % and from 77.9 to 77.3 %, as compared with SWV.

The findings indicate that the SWV ratio seemed to be

useless in differentiating FLLs and the absolute value of

SWV is more useful.

This study has several limitations. First, most patients in

this study were confirmed by clinical and relevant imaging

data, and only a minority of patients were definitely diag-

nosed by pathology. Second, the grade of hepatic

parenchymal cirrhosis was not taken into consideration in

the study. In addition, morphological characteristics of

FLLs including size, position, boundary, shape, echogeni-

city and color Doppler flow image pattern were not con-

sidered in our study. Further investigation of how to

evaluate morphologically varying liver lesions and their

influences on SWVs should be carried out.

This study demonstrated the potential usefulness of

ARFI elastography for characterization of focal liver

masses. In conclusion, VTQ is a convenient and comfort-

able method without additional cost and is particularly

suitable for the patients who are not candidates for con-

trast-enhanced imaging. Further studies with larger sample

size would be taken to assess the usefulness of ARFI

elastography in clinical practice.
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Fig. 5 ROC curve of SWVs in distinguishing malignant from benign

FLLs (a) ROC curve of SWVs, AUROC = 0.824(95 % CI

0.748–0.899); cutoff value = 2.13 m/s; the sensitivity, specificity,

PPV and NPV are 83.3, 77.9, 72.6 and 87.0 %, respectively. b ROC

curve of SWV ratios, AUROC = 0.660(95 % CI 0.555–0.765); cutoff

value = 1.37; the sensitivity, specificity, PPV and NPV are 59.6,

77.3, 63.8 and 77.3 %, respectively. ROC receiver operating charac-

teristics, AUROC area under the ROC curve, PPV positive predictive

value, NPV negative predictive value

Fig. 6 SWVs of malignant

masses and benign lesions.

(a) SWV of FLL (p \ 0.001).

b SWV ratio of FLL and the

surrounding liver parenchyma

(p \ 0.001). Boxplots with

medians and quartiles (hollow

dots) are depicted
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