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ABSTRACT
Background/Aims: The aim of this study was to evaluate elasticity of benign and malign focal liver lesions and surrounding parenchyma 
as measured by acoustic radiation force impulse (ARFI). 
Materials and Methods: 34 hemangiomas, 4 focal nodular hyperplasia (FNH), 10 hepatocellular carcinoma (HCC) and 22 metastatic 
lesions from a total of 62 patients were examined with ARFI elastography. ARFI measurements for each tumor type were expressed as 
mean ± standard deviation for liver mass and surrounding parenchyma. ARFI values were compared between tumor types and surround-
ing parencyhma. 
Results: The mean stiffness values were 2.15±0.73 m/s for hemangiomas (n=34), 3.22±0.18 m/s for FNH (n=4), 2.75±0.53 m/s for HCC 
(n=10) and 3.59±0.51 m/s for metastasis (n=22). Although there was not a significant difference between hemangiomas and HCC le-
sions in ARFI values (p>0.05), hemangiomas showed significantly different ARFI values from FNH and metastases (p<0.05). Also, there 
were significant differences in ARFI values between malignant and benign masses. The area under the receiver-operating characteris-
tics curves for discriminating the malignant from benign liver masses was 0.826 (p<0.001). An ARFI value of 2.32 m/s was selected as 
cut-off value to differentiate malignant liver masses from benign ones (sensitivity: 0.93, specificity: 0.60). 
Conclusion: Although currently ARFI is not a definitive method for the primary diagnosis of focal solid liver lesions, it provides additional 
important information non-invasively for differential diagnosis. 
Keywords: Acoustic radiation force impulse imaging, elastography, ultrasonography

INTRODUCTION
Solid liver lesions are frequently encountered during ab-
dominal examinations. Modern imaging modalities have 
a major role in the accurate characterization of solid liver 
masses and differential diagnosis for equivocal or inde-
terminate lesions (1-6). For patients with such lesions, 
the first and foremost goal is to differentiate between 
malignant focal solid liver lesions and benign lesions. Ef-
fective treatment of primary or metastatic liver lesions is 
possible only when they are detected at an early stage.

Conventional ultrasonography (US) is the first choice of 
imaging modality for focal liver lesions because of its low 
cost and ease of use (7). Color Doppler ultrasound, tissue 
harmonic imaging, and the newly introduced microbub-
ble contrast agents considerably contribute to the char-
acterization of such lesions (2,4,6,7). Computed tomog-
raphy (CT) and magnetic resonance imaging (MRI) are 
second-line imaging methods used to assist in accurate 
characterization of lesions, but their high cost and low ac-

cessibility limit their use (2-5). Both methods have a num-
ber of disadvantages, including the risk for adverse effects, 
such as nephrotoxicity; requirement for contrast material; 
and exposure to ionizing radiation during CT. Contrast-en-
hanced US, CT, and MRI have a high diagnostic value for 
the identification of the morphology and vascularity of le-
sions (1-6). Nevertheless, the invasive methods may still be 
required for definite diagnosis.

Acoustic radiation force impulse (ARFI) imaging is a 
non-invasive, ultrasound-based elastography method 
that can be integrated in a conventional ultrasound ma-
chine to measure stiffness in deep tissues (8). The ARFI 
technology has several advantages. Firstly, it can be read-
ily integrated in conventional ultrasound devices, and 
secondly, it offers elastography with a flexible metering 
box at variable depth, allowing the examination of spe-
cific sites, such as focal tumor and focal fatty infiltration 
of the liver (9). As with transient elastography, ARFI mea-
surements provide significant information on liver fibrosis 
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staging in chronic hepatic diseases (10-15). Many studies 
show that ARFI elastography offers valuable data for the 
characterization of focal solid liver lesions (9,16-20).

The aim of the present study was to investigate the con-
tribution of ARFI elastography in the discrimination of fo-
cal solid lesions of the liver.

 MATERIALS AND METHODS

Patient Population
This prospective study included 64 patients who were 
referred from other departments for hepatic examina-
tion using the conventional ultrasound and underwent 
ARFI elastography upon detection of liver masses in our 
department from January 2016 to October 2016. Ap-
proval for conducting the study was obtained from the 
Institutional Ethics Committee (Decision No: 2016/248). 
All patients signed informed consent before participating 
in the study. Two patients, including one with cholangio-
cellular carcinoma and one with focal fatty infiltration of 
the liver, were excluded from the study considering that 
their enrollment would not add adequate information for 
statistical analyses. Thus, the study was conducted with 
a total of 62 patients, including 26 females (42%) and 
36 (58%) males. The mean (±standard deviation) age 
was 48.11±17.28 years (range, 25-89) for the female pa-
tients and 57.63±14.19 years (range, 30-83) for the male 
patients. During the study, 34 hemangiomas, four focal 
nodular hyperplasia (FNH), 10 hepatocellular carcinoma 
(HCC), and 22 metastatic lesions from a total of 62 pa-
tients were examined using ARFI elastography technique.

Hemangiomas and 3 FNH cases were diagnosed using 
MRI, CT, and US, and the other cases, including HCC and 
metastasis, were predominantly diagnosed using histo-
pathological examination.

Equipment and ARFI Elastography Technique
Acoustic radiation force impulse elastography was con-
ducted using an ultrasound device (Acuson S2000; Sie-
mens) with a Virtual Touch tissue quantification software 
package. A convex probe with a bandwidth of 6 MHz 
was used for the procedure. Sonographic examination 
was performed with patients in supine and lateral posi-
tion, and during ARFI measurements, the patients were 
requested to hold their breath without deep inspiration. 
The maximum depth of ARFI penetration was 8 cm; thus, 
measurements were obtained from masses at an acces-
sible location (≤8 cm). Care was taken to obtain mea-
surements at a depth of at least 2 cm away from the liver 

capsule. A metering box of the region of interest (ROI) of 
10x5 (mm) was used for measuring masses and liver pa-
renchyma. ARFI measurements were taken at five differ-
ent locations for each mass and at two locations around 
the liver parenchyma. At the time of measurement, the 
potential presence of degeneration, such as necrotic, 
cystic, hemorrhagic, or calcified portions, was not includ-
ed in the ROI, taking care not to comprise any vascular 
structures or biliary ducts. For each patient, the mean val-
ues obtained from both the liver mass and adjacent pa-
renchyma and standard deviation values assigned by the 
device were recorded.

Statistical analysis
Statistical analyses were conducted using Statistical 
Package for Social Sciences (SPSS) statistical software 
version 20 (IBM Corp.; Armonk, NY, USA). Numerical 
variables were expressed as mean±standard deviation or 
number (percentage), as appropriate. For variables, com-
pliance with normal distribution was tested using visual 
(histogram vs probability graphs) and analytical methods 
(Shapiro-Wilk test). One-way analysis of variance (ANO-
VA) was used to compare lesion depths by the type of 
diagnosis.

Since parenchymal values and lesion dimensions were 
not normally distributed among the types of diagnosis, 
the Bonferroni-corrected Mann-Whitney U-test was 
used for pairwise comparisons of study groups.

A receiver operating characteristic (ROC) analysis was 
used to estimate the diagnostic values of ARFI elastog-
raphy for the discrimination of hemangioma, metastasis, 
HCC, FNH, and benign-malignant lesions. In case of sig-
nificant borderline values, their sensitivity and specifici-
ty were calculated. When examining the areas under the 
ROC curves, values with a Type I error rate of 5% were 
considered to indicate statistically significant diagnostic 
performance of the test.

RESULTS
One-way ANOVA was used to compare the lesion depths 
by the type of diagnosis. Lesion depth was normally dis-
tributed among the diagnostic groups, as shown by the 
Shapiro-Wilk test results (p>0.05). However, since vari-
ance between groups was not homogeneous (p<0.05), the 
values estimated by ANOVA were used for heterogeneity. 
Based on these estimations, the lesion depths were found 
to differ by the type of diagnosis (p=0.001) (Figure 1). This 
difference led us to conduct pairwise comparison (post 
hoc) tests. Based on the ANOVA test results (Table 1), 
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lesion depth differed between hemangiomas and metas-
tases (p=0.02). Differences in lesion depths were also ob-
served between FNH and HCC lesions and between HCC 
and metastatic lesions.

As lesion dimensions were not normally distributed 
among diagnostic groups (Shapiro-Wilk test, p<0.05), 
the Kruskal-Wallis H test was performed. Based on 
the test results, the lesion size values were found to 
differ by the type of diagnosis (p=0.005). Because 
of detection of difference, the Bonferroni-correct-
ed Mann-Whitney U-test was performed for pairwise 
comparison of study groups. Lesion dimensions were 
found to differ significantly between the cases of HCC 
and hemangioma (p<0.001). Similarly, cases of HCC 
and metastasis significantly differed in the lesion size 
(p<0.001) (Table 2).

The mean parenchymal ARFI values were 1.20±0.47 m/s in 
patients with hemangioma, 2.35±0.74 m/s in those with 
HCC, 1.38±0.34 m/s in those with FNH, and 1.88±0.57 m/s 
in those with metastatic lesions (Figure 2).

Normal distribution was not found for parenchymal 
values among diagnostic types (Shapiro-Wilk test, 
p<0.05); thus, the Kruskal-Wallis H test was conduct-
ed. The test results showed differences in parenchymal 
values by the type of diagnosis (p=0.001). Due to these 
differences, the Bonferroni-corrected Mann-Whit-
ney U-test was performed for pairwise comparison of 
groups, whose results showed differences in paren-
chymal values between the cases of HCC and those of 
hemangioma (p=0.001). Likewise, parenchymal values 
differed between the cases of metastasis and heman-
gioma (p=0.001) (Table 3).
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Figure 1. Mean lesion stiffness values by the type of *diagnosis
*FNH: focal nodular hyperplasia; **HCC: hepatocellular carcinoma

Figure 2. Parenchymal values (m/s) obtained using ARFI by the type 
of diagnosis 

*FNH: focal nodular hyperplasia; **HCC: hepatocellular carcinoma

Type of Diagnosis  Type of Diagnosis  p

Hemangioma FNH 0.418

 HCC 0.198

 Metastasis 0.002

FNH* Hemangioma 0.418

 HCC 0.028

 Metastasis 0.768

HCC** Hemangioma 0.198

 FNH 0.028

 Metastasis 0.000

Metastasis Hemangioma 0.002

 FNH 0.768

 HCC 0.000

*FNH: focal nodular hyperplasia; **HCC: hepatocellular carcinoma

Table 1. Pairwise comparison of groups for lesion depth; 
blue-shaded areas indicate lesions with a statistically sig-
nificant difference in lesion depth

Type of Diagnosis  Type of Diagnosis  p

Hemangioma FNH* 0.447

HCC** Hemangioma 0.001

Metastasis Hemangioma 0.926

FNH HCC 0.106

FNH Metastasis 0.429

HCC Metastasis 0.005

*FNH: focal nodular hyperplasia; **HCC: hepatocellular carcinoma

Table 2. Pairwise comparison of groups for lesion size; 
blue-shaded areas indicate lesions with a statistically sig-
nificant difference in lesion size



As measured by ARFI, the mean mass lesion values were 
2.15±0.73 m/s in patients with hemangioma, 2.75±0.53 
m/s in those with HCC, 3.22±0.18 m/s in those with 
FNH, and 3.59±0.51 m/s in those with metastatic le-
sions (Figure 3).

The one-way ANOVA was used to compare mass lesion 
values among diagnostic types. The mass lesion values 
showed normal distribution among diagnostic groups ac-
cording to the Shapiro-Wilk test (p>0.05). Also, variance 
between the diagnostic groups was homogeneous (Lev-
ene test, p>0.05). The ANOVA test results demonstrated 
differences in the mass lesion values by the type of di-
agnosis (p=0.001). Due to the detection of differences, 
a pairwise comparison (post hoc) test was performed. 
Tukey honestly significant difference test results showed 
differences in the mass lesion values between the cases 
of hemangioma and FNH (p=0.014) (Table 4).

The mean parenchymal values measured using ARFI were 
1.22±0.47 m/s in the patients with benign lesions and 
2.06±0.66 m/s in those with malignant lesions.

An ROC analysis was conducted with parenchymal values, 
which showed that the area under the receiver operating 
characteristics curves for discriminating the malignant tu-
mors from benign tumors was 0.82 (p<0.001). This value is 
very close to 1 and indicates that the parenchymal values 
are sufficient to establish the tumor type (p<0.001) (Fig-
ure 4). Based on the ROC analysis, the parenchymal cut-
off value was 1.49 m/s (sensitivity: 0.84, specificity: 0.78).
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Type of Diagnosis  Type of Diagnosis  p

HCC* Hemangioma 0.001

Metastasis Hemangioma 0.001

FNH HCC 0.024

FNH Metastasis 0.025

HCC Metastasis 0.204

*FNH: focal nodular hyperplasia; **HCC: hepatocellular carcinoma

Table 3. Pairwise comparison of parenchymal values among 
the diagnostic types; blue-shaded areas indicate lesions with 
a statistically significant difference in parenchymal values

Figure 3. Mean mass lesion values (m/s) measured using ARFI shown 
by the type of diagnosis

*FNH: focal nodular hyperplasia; **HCC: hepatocellular carcinoma

Type of Diagnosis  Type of Diagnosis  p

Hemangioma FNH 0.014

 HCC 0.054

 Metastasis 0.000

FNH* Hemangioma 0.014

 HCC 0.620

 Metastasis 0.748

HCC** Hemangioma 0.054

 FNH 0.620

 Metastasis 0.008

Metastasis Hemangioma 0.000

 FNH 0.748

 HCC 0.008

*FNH: focal nodular hyperplasia; **HCC: hepatocellular carcinoma

Table 4. Pairwise comparison of mass lesion values among the 
diagnostic groups; blue-shaded areas indicate lesions with a 
statistically significant difference in mass lesion values

Figure 4. ROC curve from the surrounding parenchyma values mea-
sured using ARFI in patients with benign or malignant masses



The mean ARFI values were 2.26±0.78 m/s for benign mass 
lesions and 3.31±0.65 m/s for malignant mass lesions.

An ROC analysis conducted on the mass lesion values 
for benign/malignant tumor types showed that the area 
under the ROC curve was 0.83, which is again very close 
to 1, and the mass lesion values were considered to ac-
curately indicate the tumor type (p<0.001) (Figure 5). In 
the ROC analysis, a cut-off value of 2.32 m/s (sensitivity: 
0.93, specificity: 0.60) was found for mass lesions.

DISCUSSION
Acoustic radiation force impulse elastography emerged 
as a new non-invasive modality that can provide useful 
information on stiffness (elasticity) of various tissues, 
such as pancreas, spleen, and kidney, and liver. Unlike the 
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Figure 5. ROC curve from mean mass ARFI values for benign/malig-
nant lesions.

Figure 6. a, b. ARFI value (m/s) measured at a mass lesion from a patient with hemangioma (a); parenchymal ARFI value (m/s) measured at a 
depth closest to the lesion (b)

a b

Figure 7. a, b. ARFI value (m/s) measured at a hyperechoic mass lesion from another patient with hemangioma (a); parenchymal ARFI value (m/s) 
measured at a depth closest to the lesion (b)

a b
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Figure 8. a, b. ARFI value (m/s) obtained from a mass lesion of a patient diagnosed with FNH. Note the significantly high value was obtained from 
the lesion (a); parenchymal ARFI value (m/s) measured at a depth closest to the lesion (b)

a b

Figure 9. a, b. ARFI value (m/s) obtained from a mass lesion (blurred appearance) of a patient diagnosed with HCC (a); parenchymal ARFI value 
(m/s) measured at a depth closest to the lesion (b)

Note that HCC mass had a lower value compared with the surrounding parenchyma in the setting of chronic liver disease

a b

Figure 10. a, b. ARFI value (m/s) measured at a metastatic hypoechoic liver lesion from a patient with breast cancer (a); parenchymal ARFI value 
(m/s) measured at a depth closest to the lesion (b)

a b



older elastography techniques, this novel method allows 
evaluation of deep tissue elasticity (stiffness) using shear 
wave velocities without the need for external compres-
sion owing to the virtual touch tissue quantification (21). 
ARFI elastography has a unique advantage of being in-
tegrated into a conventional ultrasound device and can 
provide real-time information during a conventional US 
examination (9,16).

Hemangiomas comprise multiple vascular channels filled 
with blood; hence, they can be considered as soft lesions. 
However, some hemangiomas display rather high ARFI 
values. This is because hemangiomas with higher ARFI 
values have a greater amount of fibrotic septa and exhib-
it pathological patterns, such as sclerosis, thrombosis, or 
calcification, of the vessels within the lesion. Gallotti et 
al. (19) reported mean ARFI values of 2.30±0.95 m/s for 
hemangiomas. Also, Frulio et al. (22) found ARFI values 
of 2.14±0.49 m/s for hemangiomas. Similarly, the pres-
ent study showed mean ARFI values of 2.15±0.73 m/s 
for hemangiomas, which is consistent with the findings 
of the aforementioned studies. Additionally, although 
hemangiomas are soft lesions, they showed higher ARFI 
values compared to those measured from the surround-
ing parenchyma (Figure 6, 7).

In the same study, Gallotti et al. (19) found mean ARFI 
values of 2.75±0.95 m/s for FNH, whereas Frulio et al. (22) 
reported corresponding values of 3.14±0.63 m/s. Consis-
tent with previous studies, we found mean ARFI values of 
3.22±0.18 m/s for FNH. Both our study and prior studies 
showed that FNH lesions display the highest ARFI values, 
second to metastatic lesions. This suggests that FNH is 
stiffer than other liver lesions. Additionally, the ARFI val-
ues for FNH were higher than those measured from their 
surrounding parenchyma (Figure 8).

Gallotti et al. (19) reported mean ARFI values of 2.17±0.85 
m/s for HCC lesions, whereas Frulio et al. (22) reported 
mean values of 2.40±1.01 m/s. In the present study, the 
mean ARFI values were 2.75±0.53 m/s for HCC lesions, 
which are consistent with previous studies, albeit slightly 
higher (Figure 9). This can be explained by the significantly 
heterogeneous internal structure of HCC lesions. Also, in 
about 40% of HCC lesions studied, the ARFI values were 
lower compared to their surrounding parenchyma. This is 
because HCC masses develop in the setting of chronic 
liver disease associated with diffuse hepatic fibrosis.

In the study by Gallotti et al. (19), the mean ARFI values 
were 2.87±1.13 m/s for metastatic lesions, and Frulio et 

al. (22) reported mean values of 3.00±1.36 m/s for these 
lesions. In the present study, the mean ARFI values for 
metastatic lesions were 3.59±0.51 m/s and represented 
the highest ARFI values among all tumor types (Figure 
10). These values are higher than those reported in litera-
ture and partially consistent with previous studies. When 
we compared metastatic lesions with each other as a 
separate group, breast carcinoma metastasis were found 
to have somewhat higher ARFI values compared to other 
metastatic lesions, including adenocarcinoma metasta-
sis. This can be considered in future studies. Additional-
ly, values obtained from metastatic lesions were higher 
compared to their surrounding parenchyma.

In the present study, there was a statistically significant 
difference between the ARFI values of hemangiomas 
and the ARFI values of FNH and metastasis (p<0.05) but 
not significantly different compared to the ARFI values 
of HCC (p>0.05). The ARFI values of FNH and metastasis 
were higher than those of other lesions without any sta-
tistically significant difference (p>0.05). However, HCC 
and metastatic lesions showed a statistically significant 
difference in the ARFI values (p<0.05).

In a study by Shuang-Ming et al. (23), the cut-off value for 
distinguishing benign lesions from malignant lesions was 
determined to be 2.22 m/s. In a meta-analysis conducted 
by Ying et al. (24), sensitivity of 86% and specificity of 
89% was reported for the discrimination of benign and 
malignant lesions, which were significantly high. In the 
present study, the ARFI cutoff value for benign/malignant 
discrimination was approximately 2.32 m/s based on the 
ROC analysis (p<0.001), with an estimated sensitivity of 
93% and specificity of 60%, which were significant.

In the current study, the small number of lesions, except 
hemangioma, HCC, and metastasis, partly limited our 
ability to test the statistical significance. Other limita-
tions of the study include the inability of ARFI elastogra-
phy to assess lesions at an inaccessible location (deeper 
than 8 cm), the difficulty in evaluating lesions in the left 
hepatic lobe due to the interference of the heart beat and 
poor compliance of patients to hold their breath without 
deep inspiration during sonographic examinations.

Acoustic radiation force impulse elastography is increas-
ingly used as a novel modality and several studies were 
conducted to examine its role in the differential diagnosis 
of focal liver lesions.

While ARFI elastography fails to discriminate between 
the hemangiomas and HCC lesions, which constitute the 
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majority of solid liver masses, it can be considered suc-
cessful for distinguishing FNH from metastases.

Coupled with rather high rates of sensitivity (93%) and 
specificity (60%), ARFI elastography provides valuable in-
formation for the discrimination of benign and malignant 
liver masses.

Despite being a nondefinitive diagnostic method and the 
presence of variable results reported by previous studies, 
ARFI elastography provides additional data for discrimi-
nation between benign and malignant liver masses as 
suggested by the results of the present study.
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