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Abstract
Objective : Acoustic radiation force impulse (ARFI) technology can measure the elasticity of tis-
sue and tumor. The aim of this study was to evaluate whether the ARFI technology can differen-
tiate cavernous hemangioma, hepatocellular carcinoma (HCC) and metastatic liver tumors in 
patients with liver dysfunction.
Materials and Methods : Forty patients with liver dysfunction and liver tumors were enrolled 
in the study. The shear wave velocities (SWVs) in the tumors and background liver were exam-
ined by ARFI elastography under ultrasonography (US).
Results : The SWVs in livers bearing HCCs were significantly higher than those of livers bearing 
cavernous hemangiomas. The SWVs in HCCs and metastatic liver tumors were significantly 
higher than those in cavernous hemangiomas. The SWVs in metastatic liver tumors were signif-
icantly higher than those in HCCs. The SWV ratio of metastatic liver tumor/parenchyma was 
significantly higher than that of cavernous hemangioma/parenchyma and HCC/paren-
chyma. There was a significant correlation between the tumor sizes and the SWVs in metastatic 
liver tumors.
Conclusions : We herein demonstrated that ARFI elastography could noninvasively provide help-
ful information, without the need for biopsy, that could be used for the differential diagnosis among 
cavernous hemangiomas, HCCs and metastatic liver tumors in patients with liver dysfunction.
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spatial resolution of conventional US ensures high sensi-

tivity in detecting focal liver lesions, the technique has 

less capability for characterizing small lesions, particular-

ly in the cirrhotic liver1). The most frequently encoun-

tered benign lesion is hemangioma, with a prevalence of 

7-21%2). The characteristic US findings of hemangioma 

are well known, but some malignant hepatic tumors have 

US findings that are similar to those of hemangio-

mas3). It has been estimated that 20-25% of patients 

with known solid malignant tumors have liver metastasis 

at the time of diagnosis2). However, the appearance of 

(19)

Introduction

Clinicians sometimes encounter solid focal lesions dur-

ing in conventional ultrasonography (US) when examin-

ing a patient with liver dysfunction. Although the good 
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metastatic liver tumors in conventional US varies4). In 

the clinical setting, it is very difficult to differentially di-

agnose liver tumors by conventional US in the patients 

with various causes of liver dysfunction.

To differentially diagnose solid focal lesions in the liver, 

a histological examination by liver biopsy is the gold stan-

dard. However, a liver biopsy is invasive, and is associ-

ated with the possibility of seeding in the case of malig-

nant tumors. To differentiate these solid lesions, we 

typically examine patients by contrast-enhanced multide-

tector-row computed tomography (CE-MDCT), gadolini-

um-ethoxybenzyl-diethylenetriamine pentaacetic acid 

(Gd-EOB-DTPA)-enhanced magnetic resonance imaging 

(MRI) or contrast-enhanced ultrasonography (CE-

US)5). The specific features of the contrast medium pro-

vide important information for the diagnosis. However, 

it is not possible to use contrast medium in patients with 

contrast allergies of who have complications or comor-

bidities that prevent them from undergoing these exami-

nations. The additional information provided by conven-

tional US performed simultaneously with other examina-

tion without contrast medium is invaluable for the 

differential diagnosis in such cases.

Recently, the acoustic radiation force impulse (ARFI) 

technology has been shown to be able to measure the 

elasticity of tissue6). The ARFI technology uses an 

acoustic push pulse, followed by a detection pulse, to cal-

culate the shear wave velocity (SWV ; m/s) of the tis-

sue. The SWV increases with tissue stiffness7). It is 

possible to analyze the tissue stiffness simultaneously by 

conventional US without the need for a liver biopsy. Re-

cent studies have reported that ARFI imaging can be 

used to determine the elasticity of the tissue in patients 

with chronic hepatic diseases, such as chronic hepatitis C 

and nonalcoholic steatohepatitis8-10). In addition, the 

ARFI technology with Virtual Touch tissue quantification 

(VTTQ) could non-invasively provide significant comple-

mentary information regarding the differential diagnosis 

of focal solid liver lesions11). ARFI uses short-duration 

acoustic pulses generated from a probe under real-time 

B-mode imaging to produce localized displacements in 

tissue. Because ARFI uses elastography with a flexible 

metering box on the region of interest (ROI), it is possi-

ble to apply the ARFI technology to elastography for the 

tumor and liver without the need for external compres-

sion12,13). To date, there have been several papers that 

have evaluated the usefulness of ARFI elastography in 

the evaluation of liver tumors3,11,14-17).

The aim of the present study was to evaluate whether 

the ARFI technology can differentiate cavernous heman-

gioma, hepatocellular carcinoma (HCC) and metastatic 

liver tumors in patients with liver dysfunction.

Materials and Methods

Patients

From February 2010 to April 2013, a total of 40 pa-

tients with liver dysfunction and liver tumors that were 

visualized on conventional US were enrolled in this 

study. The diagnosis of these liver tumors was con-

firmed by CE-MDCT, Gd-EOB-DTPA-enhanced MRI 

and/or US-guided tumor biopsy. On CE-MDCT, HCCs 

reveal hyperenhancement in the arterial phase and wash 

out in the portal venous phase, cavernous hemangiomas 

reveal progressive, peripheral nodular enhancement of 

the lesion with centripetal fill in, and then, metastatic liv-

er tumors reveal a variety of enhancement by the prima-

ry tumor18). On Gd-EOBMRI, HCCs reveal intense en-

hancement in the arterial phase and low signal intensity 

in the hepatocellular phase, cavernous hemangiomas re-

veal peripheral nodular enhancement with central pro-

gression, and then, metastatic liver tumors generally re-

veal no enhancement in the hepatocellular phase19). We 

obtained informed consent from all patients before their 

enrollment in this study. The study was conducted in 

accordance with the Declaration of Helsinki.

Analysis of the SWV

All patients underwent conventional B-mode US and 

ARFI elastography using a Siemens Acuson S2000 (Mo-

chida Siemens Medical Systems Co. Ltd., Tokyo, Ja-

pan). On a B-mode US image, the elastic properties of 

the lesion to be analyzed were identified utilizing a ROI, 

characterized by a box with dimension of 10 mm×
5 mm. The ROI included the entire lesion to a maxi-

mum depth of 80 mm, without including any blood ves-

sels or bile duct structures. In the measurement of the 

large tumor, we measured SWV at the homogenous part 
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of the tumor not to comprise necrotic portion. Mea-

surements of the surrounding parenchyma were also per-

formed with the upper limit of the ROI within 10-20 mm 

from the surface of the liver, also without the inclusion of 

any vascular or biliary structures. The SWVs from the 

liver tumor and the surrounding parenchyma were calcu-

lated as the average value of six trials (m/s).

Fig. 1 shows the measurement of the SWV in cavern-

ous hemangioma. CT scans showed typical cavernous 

hemangioma in the arterial phase, the portal phase and 

the post-vascular phase. Fig. 2 shows the measurement 

of the SWV in HCC. CT scans showed the enhance-

ment of the tumor in the arterial phase and washout of 

the contrast medium in the portal phase.　Fig. 3 shows 

the measurement of the SWV in metastatic liver tu-

mor. CT scans showed a low density area in the portal 

phase.

Statistical analysis

The values are expressed as the means±standard de-

viation. Variables were analyzed using the Mann-Whit-

ney U-test. The correlation between the SWVs in the 

liver tumors and the tumor size were analyzed by Spear-

man’s rank correlation coefficient. A p-value <0.05 was 

considered to be statistically significant.

Results

Characteristics of the patients and tumors

Thirteen patients (two males and 11 females ; average 

age, 58.0±15.2 years) had cavernous hemangiomas, 19 

(13 males and six females ; average age, 70.8±10.8 

years) had HCCs and eight (seven males and one 

female ; average age, 62.6±9.6 years) had metastatic liv-

er tumors. The mean diameter of cavernous hemangio-

mas was 26.8±23.4 mm, that of the HCCs was 29.3±25.9 

mm and that of the metastatic liver tumors was 

63.3±48.7 mm. In the cavernous hemangiomas, eight 

cases (61.5%) had chronic hepatit is  (HCV, f ive 

cases ; HBV, three cases), and five cases (38.5%) had a 

Fig. 1.　The measurement of the acoustic radiation force impulse value within the region of interest of cavernous 
hemangiomas.　The SWV was measured when the region of interest box was placed within the cavernous 
hemangioma.　(a) The measurement of the SWV, (b) CT scans in the arterial phase, (c) CT scans in the portal 
phase, (d) CT scans in the post-vascular phase.
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fatty liver. In the HCC patients, 16 (84.2%) had liver 

cirrhosis (HCV, 12 cases ; HBV, one case ; alcoholic, one 

case ; non-alcoholic steatohepatitis, one case and non-

HBV non-HCV, one case) and three cases (15.8%) had vi-

ral chronic hepatitis (HCV, two cases ; HBV, one case).　
In the patients with metastatic liver tumors, one (12.5%) 

had liver cirrhosis due to HCV, one (12.5%) had a fatty 

liver and six (75.0%) had liver dysfunction of unknown 

cause (non-HBV non-HCV) (Table 1).

The SWVs in the liver parenchyma

The mean SWVs in livers bearing cavernous hemangi-

omas, HCCs and metastatic liver tumors were 1.21±0.37 

m/s, 1.82±0.49 m/s and 1.49±0.39 m/s, respectively (Fig. 

4). The mean SWV in the livers bearing HCCs was sig-

nificantly higher than that of the livers bearing cavernous 

(22)

Fig. 3.　The measurement of the acoustic radiation force impulse value within the region of interest of metastatic 
liver tumors.　The SWV was measured when the region of interest box was placed within the metastatic liver 
tumor.　(a) The measurement of the SWV, (b) CT scans in the portal phase.

Fig. 2.　The measurement of the acoustic radiation force impulse value within the region of interest of HCC.　
The SWV was measured when the region of interest box was placed within the HCC. (a) The measurement of 
the SWV, (b) CT scans in the arterial phase, (c) CT scans in the portal phase.
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hemangiomas (p<0.01). There was no significant differ-

ence between the mean SWV in livers bearing cavernous 

hemangiomas and metastatic liver tumors, or between 

the mean SWVs in livers bearing HCCs and metastatic 

liver tumors.

The SWVs in the liver tumors

The mean SWVs in cavernous hemangiomas, HCCs 

and metastatic liver tumors were 1.39±0.39 m/s, 

2.24±0.65 m/s and 3.04±1.10 m/s, respectively (Fig. 

5). The mean SWVs in HCCs and metastatic liver tu-

mors were significantly higher than those in cavernous 

hemangiomas (p<0.01). The mean SWVs in metastatic 

liver tumors were significantly higher than those in 

HCCs (p<0.05).

The SWV ratios of the liver tumor/the surround-

ing parenchyma 

The SWV ratios of the liver tumor to the surrounding 

parenchyma in cavernous hemangiomas, HCCs and meta-

static liver tumors were 1.23±0.49, 1.33±0.63 and 

2.04±0.66, respectively (Fig. 6). The SWV ratio of the 

metastatic liver tumor/parenchyma was significantly 

higher than those of a cavernous hemangioma/parenchy-

ma and HCC/parenchyma.

(23)

Fig. 4.　The SWVs in the liver parenchyma.

Table 1.　The characteristics of the patients and tumors

Cavernous 
hemangioma HCC Metastatic liver 

tumor

number 13 19 8

age 58.0±15.2 70.8±10.8 62.6±9.6

male/female 2/11 13/6 7/1

tumor size(mm) 26.8±23.4 29.3±25.9  63.3±48.7

Cause of liver disease CH(HCV) 5
CH(HBV) 3 

fatty liver 5

LC(HCV) 12
LC(HBV) 1

LC(Alcohol) 1
LC(NASH) 1
LC(NBNC) 1
CH(HCV) 2
CH(HBV) 1

LC(HCV) 1
fatty liver 1
liver dysfunction
(NBNC) 6
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Fig. 5.　The SWVs in the liver tumors.
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The correlation between the tumor sizes and the 

SWV in the liver tumors 

There was a significant correlation between the tumor 

sizes and the SWVs in metastatic liver tumors (correla-

tion coefficient : 0.786, n=8, p=0.038), but there were 

no correlations between the tumor sizes and the SWVs in 

the liver tumors in patients with cavernous hemangiomas 

(correlation coefficient : 0.353, n=13, p=0.244) and 

HCCs (correlation coefficient : －0.026, n=19, p=0.896) 

(Fig. 7).

Discussion

The standard medical examinations for patients with 

liver dysfunction are blood chemical analyses and con-

ventional US examinations. When we find solid focal le-

sions during conventional US, ARFI elastography can 

measure the SWVs in both the liver parenchyma and liver 

tumor simultaneously. In the present study, the mean 

SWVs in livers bearing HCC were significantly higher 

than those in cavernous hemangiomas. Most HCC pa-

tients have progressive chronic hepatic disease. In fact, 

of the 19 HCC patients, 16 had liver cirrhosis and three 

cases had chronic hepatitis. In the 13 cavernous hem-

angiomas, eight cases had chronic hepatitis, and five cas-

(24)
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Fig. 7.　The correlation between the SWVs in the liver tumors and the tumor size.

Fig. 6.　The SWV ratios of the liver tumor/the sur-
rounding parenchyma.
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es had a fatty liver. Among the patients with liver dys-

function, the patients with HCC had more progressive 

liver disease than those with cavernous hemangiomas. 

There was no significant difference between the mean 

SWVs in livers bearing cavernous hemangiomas and 

metastatic liver tumors, or between the mean SWVs in 

livers bearing HCCs and metastatic liver tumors. In the 

eight metastatic liver tumors, one patient had liver cir-

rhosis due to HCV, one had a fatty liver and six had liver 

dysfunction of an unknown cause (non-HBV non-

HCV). In the patients with metastatic liver tumors, the 

progression of liver disease was diverse. The mean 

SWV in the liver parenchyma may be useful to estimate 

the background liver condition of the liver tumor. 

The SWV in the liver tumor directly indicates the char-

acteristics of the tumor. Since Fahey et al. first re-

ported the usefulness of ARFI elastography for evaluat-

ing liver tumors14), the clinical application of ARFI 

elastography has expanded from the assessment of liver 

fibrosis to the differential diagnosis of l iver tu-

mors. ARFI elastography has obvious superiority over 

other techniques, because it can be added to conventional 

US examinations, and can be performed regardless of the 

presence of impediments such as ascites and pleural effu-

sion.

We herein compared the quantitative SWVs of cavern-

ous hemangiomas, HCCs and metastatic liver tumors, 

and demonstrated that the stiffness of HCCs is greater 

than that of cavernous hemangiomas, which are benign 

liver tumors. In addition, metastatic liver tumors were 

stiffer than HCCs. Our data are consistent with several 

previous reports that showed that malignant tumors were 

stiffer than benign tumors3,15,16).

The mean SWVs in the HCCs in the present study and 

four other studies3,11,15,17) were 2.20 m/s, 2.17 m/s, 2.45 m/

s, 2.31 m/s and 2.40 m/s, respectively. The SWVs in 

HCCs were similar among these studies. The stiffness 

of HCCs may be comparatively uniform. Some HCCs 

had low SWVs and it can be difficult to differentiate these 

cases from the cavernous hemangiomas. The SWVs in 

HCCs might be affected from the differentiation, vascu-

larity, the fatty change in the tumor, and tumor size. But 

in the present study, there was no correlation between 

the SWVs and tumor size in HCCs. Further studies are 

warranted to investigate the relation between SWVs in 

HCC and pathologic construction.

However, the mean SWVs in the cavernous hemangio-

mas in the present study and five other studies3,11,15-17) 

were 1.37 m/s, 2.30 m/s, 1.51 m/s, 1.35 m/s, 1.80 m/s and 

2.14 m/s, respectively. There were some discrepancies 

among these studies. One of the possible reasons is the 

heterogeneity of the tissue in cavernous hemangio-

mas. Cavernous hemangiomas are composed of various 

tissues, including fibrous septae, vascular thrombi and fo-

cal stromal calcification3). Therefore, several different 

areas should be measured in cavernous hemangiomas.

The mean SWVs in the metastatic liver tumors in the 

present study and three other studies11,16,17) were 3.28 m/s, 

2.87 m/s, 4.23 m/s and 3.0 m/s, respectively. The SWVs 

in metastatic liver tumors had a tendency to have high 

values. Based on our data, the SWV ratio of the meta-

static liver tumor/parenchyma was significantly higher 

than those of cavernous hemangioma/parenchyma and 

HCC/parenchyma. The differences between the SWVs 

in liver tumors and the surrounding parenchyma were 

most conspicuous in the cases with metastatic liver tu-

mors. Comparing the SWVs of liver tumors and the 

surrounding parenchyma may be helpful to differentially 

diagnose metastatic liver tumors.

Davies et al. reported that there was no correlation be-

tween the SWVs and liver tumor size in cavernous hem-

angiomas and metastatic liver tumors16). In contrast, 

there was a significant correlation between the SWVs 

and tumor sizes in the metastatic liver tumors in our 

study. The SWVs of metastatic liver tumors may reflect 

the characteristics of the primary tumors, because meta-

static liver tumors vary in vascularity and in the density 

of the primary tumors. For example, Kim et al. re-

ported that the SWV in colon cancer metastases was 3.70 

m/s, while that of other metastasis was 2.82 m/s3). In 

our study, the primary tumors of the eight metastatic liv-

er tumors included urinary bladder cancer, renal cell car-

cinoma, bile duct cancer, malignant lymphoma, pancreatic 

cancer (two cases) and colon cancer (two cases). The 

consistency of the liver tumor depends on the ratio of 

cancer cells to fibrous stroma20). The SWVs of meta-

static liver tumors may therefore reflect the changes in 

the tissue composition, with the extent of cancer cells 

(25)
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and fibrous stroma closely associated with the tumor 

size. Further studies are warranted to determine the 

stiffness of each metastatic liver tumor type.

We herein demonstrated that ARFI elastography could 

noninvasively provide helpful information at the same 

time as conventional US, without the need for a biopsy or 

contrast medium, and this information could be used for 

the differential diagnosis among cavernous hemangiomas, 

HCCs and metastatic liver tumors in patients with liver 

dysfunction.
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