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Abstract
AIM: To evaluate the potential usefulness of acous-
tic radiation force impulse (ARFI) images for evalua-
tion of hepatocellular carcinomas (HCC)-associated 
radiofrequency ablation.

METHODS: From January 2010 to June 2010, a total of 
38 patients with HCC including recurred HCCs after RFA 
underwent ARFI elastography. The brightness of tumor 
was checked and the shear wave velocity was measur
e­d for the quantification of stiffness. According to the 
b­rightness, the tumors were classified as brighter, same 
color and darker compared with adjacent parenchyma. 
Using the same methods, 8 patients with recurred HCCs 
after RFA state were evaluated about the brightness 
compared with adjacent RFA ablation area.

RESULTS: In the 38 patients with HCCs, 20 (52.6%) 

were brighter than surrounding cirrhotic parenchyma. 
Another 13 (34.2%) were darker. The others (5 cases, 
13.2%) were seen as the same color as the adjacent liv-
er parenchyma. Post-RFA lesions were darker than previ-
ous tumor and surrounding parenchyma in all 38 cases. 
However, recurred HCCs were brighter than the treated 
site in all 8 cases. 

CONCLUSION: Using ARFI technique is helpful for dif-
ferential diagnosis in order to detect recurred HCCs more 
easily in patients with confusing status.  

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
In recent decades, there has been an increasing interest in 
assessing the viscoelastic properties of  tissues with ultras­
ound. Ultrasonography (US) tissue-strain analysis can be 
performed under compression using Hitachi Real-time 
Tissue elastography (HI-RTE, Hitachi Medical Systems 
Europe, Zurich, Switzerland), eSie Touch (Siemens, Erlan­
gen, Germany) or Elasticity Imaging (Simems)[1-8].

Acoustic radiation force impulse (ARFI) imaging is a 
new ultrasound imaging modality to evaluation of  tissue 
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stiffness by radiation forced-based imaging method that 
is provided with conventional B-mode US. 

In ARFI imaging, an initial ultrasonic pulse is transmit­
ted at diagnostic intensity levels to obtain a baseline signal 
for later comparison. A short-duration (approximately 0.3 s), 
high intensity acoustic “pushing pulse” is then transmitted 
by the same transducer, and followed by a series of  diagnos­
tic intensity pulses, which are used to track the displacement 
of  the tissue caused by the pushing pulse[9-11]. The response 
of  the tissue to the radiation force is observed using con­
ventional B-mode imaging pulses and it is possible to display 
the quantitative shear wave velocity (SWV, m/s) of  ARFI 
displacement[12,13]. Because the velocity of  the shear wave 
depends on the tissue stiffness, it is possible to apply ARFI 
technology to elastography[14-19].

Until now, there are no studies that have evaluated ARFI 
elastrography’s usefulness in differentiating HCC, post RFA 
HCC and recurred HCC after RFA and no studies have 
been reported on the quantification of  tumor s­tiffness using 
shear wave velocity, which may help in the diagnosis.

The present study was performed to investigate the 
potential usefulness of  ARFI elastrography for evaluation 
of  HCC associated RFA, assuming that different features 
can be shown on ARFI elastrophy images according to 
the HCC, post RFA HCC and recurred HCC after RFA.

MATERIALS AND METHODS
Patients
Between January 2010 and June 2010, a total of  38 patients 
with viable HCC were evaluated by ARFI elastography. 
Eight patients had recurred HCC after RFA. Because ev­
ery patient each had one HCC, a total of  38 HCCs were 
included in this study.

In cases of  technical failure such as patient motion, the 
presence of  a deep-seated lesion or the patient’s inability to 
hold their breath properly, recurred HCC after TACE or op­
eration, and multiple HCCs were excluded from this study.

Mean tumor diameter was 2.4 cm (0.8-3.5 cm). 
The diagnosis of  all HCCs was based on the typical fin­

dings determined using either computed tomography (CT) 
or magnetic resonance (MR) imaging and/or biopsy. The 
following imaging findings were considered for the diag­
nosis of  HCC: (1) tumors showing typical enhancement 
pattern (early enhancement on the arterial phase and wash-
out on the portal and delayed phases); and/or (2) mass sho­
wing high signal intensity on the T2 weighted image.

A detailed medical history was obtained from all 38 pa­
tients. All patients had underlying liver disease which was 
established according to serum markers and liver biopsy 
as follows: chronic viral hepatitis was diagnosed as serum 
positive HBV-DNA and/or HCV-RNA with an elevated 
serum alanine amino transferase (ALT). Chronic alcoholic 
hepatitis was diagnosed as a history of  long term alcohol 
consumption with an elevated serum ALT. Liver cirrhosis 
was diagnosed based on cross-sectional imaging findings 
and/or biopsy.

Image protocol and analysis
B-mode standard US scanning and ARFI elastography 
were performed using a SIEMENS Acuson S2000 using a 
4-1 MHz curved array probe. Two experienced radiologists 
participated in the US scanning. Prior to RFA, the radi­
ologists scanned the liver to locate the HCC detected on 
the other cross-sectional imaging technique, such as CT, 
MRI, and/or prior US. After fitting the ARFI image box to 
cover the lesion, an ARFI image was obtained with a cor­
responding B-mode image. The SWV was obtained from 
the HCC and hepatic parenchyma, three times. After RFA, 
ARFI images and SWV were obtained, as before RFA.

Two radiologists, who performed US, reviewed all of  
the B-mode and ARFI images. The stiffness of  the pre- 
and post-RFA HCCs were analyzed on the ARFI images. 
The HCCs were categorized according to the brightness, 
darker (stiffer), same color (equally stiff), or brighter (soft­
er), based on the HCCs brightness relative to the hepatic 
parenchyma on the ARFI images. The SWV of  HCCs 
and hepatic parenchyma were averaged. These SWVs were 
used for quantification of  stiffness.

Discrepancies between the two reviewers were resolv­
ed through consensus.

RESULTS
Table 1 summarized the stiffness of  HCCs on the ARFI 
image. Before RFA, 20 HCCs (52.6%) appeared as a bright 
color, which meant the HCC were softer than hepatic 
background (Figure 1). When compared with the hepatic 
parenchyma, 13 HCCs (34.2%) had a darker appearance, 
which indicated HCCs were stiffer than surrounding 
hepatic parenchyma (Figure 2). The remaining HCCs (5 
cases, 13.2%) were seen as the same color as the adjacent 
hepatic parenchyma, which indicated the HCC had the 
same stiffness as the hepatic background. After RFA, all 
HCCs (38 cases, 100%) revealed a darker color (Figure 3). 
All recurred HCC after RFA (8 cases), showed a bright 
appearance compared to the RFA site (Figure 4). This 
means that RFA ablation site was harder than before RFA, 
so the recurred HCC were softer than the surrounding 
area of  the prior RFA site. 5 cases of  recurred HCC after 
RFA were treated by re-RFA. The others were treated by 
TACE (2 cases), or operation (1 case).

The tumor diagnosis of  recurrence after RFA was based 
on the typical findings determined using either CT or MRI 
and serum tumor marker elevation (AFP and/or PIVKA).

Two cases showed typical imaging findings of  tumor re­
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Table 1  Stiffness of hepatocellular carcinomas on acoustic ra-
diation force impulse imaging   

Acoustic radiation force 
impulse imaging

Darker 
(stiffer)

Same color 
(equally stiff)

Bright 
(softer)

Pre-RFA HCCs (38) 13 5 20
Recurred HCCs (8)   0 0   8
Post-RFA HCCs (38) 38 0   0

HCCs: Hepatocellular carcinomas; RFA: Radiofrequency ablation.



currence at CT, but serum tumor marker level was normal. 
But one showed typical imaging findings of  tumor recur­
rence on MRI, another imaging study. The other recurred 
HCC was confirmed after surgery.

Table 2 summarized the SWV of  HCCs and hepatic 

parenchyma. Cirrhotic liver parenchyma and non-cirrhotic 
liver parenchyma had a mean SWV of  2.62 m/s and 1.04 m/s, 
respectively. The mean SWVs of  pre-RFA HCCs and re­
curred HCCs after RFA were 2.04 m/s and 2.02 m/s. All 
post-RFA HCCs were uncheckable, and their numerical 
value was shown ‘X.XX’. This nonnumerical value is due 
to abrupt tissue degeneration in the RFA site preventing a 
reliable reading.

DISCUSSION
Recently, ARFI sonoelastography has been used to 
noninvasively generate internal mechanical excitation 
and has attracted great attention for its use in the meas­
urement of  tumor stiffness[20-21]. To our knowledge, no 
other investigators have evaluated the use of  ARFI 
sonoelastography for the evaluation of  post-RFA 
recurrent HCC. In our study, pre-RFA HCCs showed 
variable hardness as compared with the liver parenchyma 
on ARFI images. These results seem to be inconsistent 
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Figure 2  Hepatocellular carcinoma in a 45-year-old woman with underlying 
liver cirrhosis. A: T2-weighted magnetic resonance image shows a high signal 
intensity hepatocellular carcinoma (HCC) in segment 4 of the liver (arrow); B: On 
a B-mode image, the HCC is seen as an ovoid, hypoechoic mass (arrow), that 
appears darker (stiffer) than hepatic background on the acoustic radiation force 
impulse image (arrow). The shear wave velocity of HCC and surrounding hepatic 
parenchyma were measured as 2.20 m/s and 1.57 m/s, respectively (not shown).

Figure 1  Hepatocellular carcinoma in a 59-year-old man with underlying liver cirrhosis. A: T2-weighted magnetic resonance (MR) image shows a high signal 
intensity mass in segment 2 of the liver (arrow); B: On dynamic study, the mass revealed an arterial enhancement; C: Delayed wash-out, which is a typical finding of 
hepatocellular carcinoma (HCC) (arrow); D: On B-mode image, the HCC appears as a well defined, hypoechoic mass and the HCC have a bright (softer) color on the 
acoustic radiation force impulse (ARFI) image (arrows); E: The shear wave velocity (SWV) of HCC is 2.07 m/s; F: SWV of surrounding cirrhotic hepatic parenchyma 
measures 3.83 m/s. GEN: General; SC: Spatial compounding; Vs: Velocity.
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with the results of  Fahey’s study[22,23], in which all HCCs 
were softer than the surrounding liver. This discordancy 
was thought to be the difference in parenchymal hardness 
between chronic hepatitis and liver cirrhosis. Additionally, 
differences in severity of  liver cirrhosis also might be 
contributing to the discrepancy.

Actually according to the other report[24], there was no 
statistically significant difference at the HCCs in terms of  
tumor stiffness suggested by ARFI elastography (P > 0.05).

In all post-RFA HCCs, thermal ablated necrotic lesions 
were seen as a darker color on the ARFI images and had 
uncheckable SWV. In the RFA site, the system constantly 
provided a nonnumerical value. It was considered an un­
known mechanical error that was associated with immedi­
ate post-RFA state[25].

Although remarkable advances in surgical and imaging 

techniques have improved the prognosis of  HCC patients, 
the high incidence of  intrahepatic recurrence remains a 
major challenge in HCC therapy[26,27]. However, sometimes 
B-mode imaging for assessment of  HCC recurrence is not 
satisfactory. 

On ARFI imaging, most of  the recurrent HCCs ap­
peared brighter than the pre-RFA ablation sites. Moreover, 
most of  the cases revealed distinct borders, unlike the 
B-mode images. The RFA ablation site comprised hard le­
sions that showed coagulative necrosis and fibrotic scarring. 
As a result, recurrent HCCs were found to be softer with 
improved contrast compared to the surrounding pre-RFA 
ablation area. Thus, we thought that the ARFI images were 
superior to the B-mode images for evaluating HCC recur­
rence after RFA and also useful to guide the second round 
of  RFA for recurrent HCC.

COMMENTS
Background
Recently, acoustic radiation force impulse (ARFI) sonoelastography has been 
used to noninvasively generate internal mechanical excitation and has attracted 
great attention for its use in the measurement of tumor stiffness.
Research frontiers
To our knowledge, no other investigators have evaluated the use of ARFI 
sonoelastography for the evaluation of  post-radiofrequency ablation (RFA) recu
rrent hepatocellular carcinoma (HCC).
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Figure 3  Post-radiofrequency ablation hepatocellular carcinoma in a 71-year-old woman with underlying liver cirrhosis. A: Contrast-enhanced arterial phase 
computed tomography scan obtained immediately after radiofrequency ablation (RFA) shows the ablation zone of low attenuation (asterisk) with a surrounding ring of benign 
enhancement (arrows) in segment 5 of the liver; B: Next day, follow up B-mode image of post-RFA hepatocellular carcinoma (HCC) is seen as an ill-defined heterogeneous 
echogenic lesion (arrow) and the HCC appears darker on the acoustic radiation force impulse image (asterisk); C: The shear wave velocity of post-RFA HCC is uncheckable, 
shown as X.XX m/s. GEN: General; SC: Spatial compounding; Vs: Velocity.

B

Figure 4  Recurred hepatocellular carcinoma after radiofrequency ablation in a 65-year-old man with underlying liver cirrhosis. A: Follow-up post-radiofrequency 
ablation (RFA) computed tomography (CT) scan shows the ablation zone of low attenuation without residual or recurrent tumor in segment 5 of the liver (arrow); B: Contrast-
enhanced CT scan obtained after 6 mo shows enhancing nodule in the ablated lesion (asterisk). The serum alpha-fetoprotein increased from 2.6 ng/mL to 16.8 ng/mL; C: 
On a B-mode image, prior RFA site and recurred hepatocellular carcinoma (HCC) are seen as homogeneous hyperechoic lesions and subtle heterogeneous echogenic 
nodules with a thin hypoechoic rim (arrows). The recurred HCC appears as a brighter color (softer) with a distinct border on the acoustic radiation force impulse image. 

A C

Table 2  Stiffness of hepatic parenchyma and hepatocellular 
carcinomas on shear wave velocity 

Mean shear wave velocity (m/s)

Cirrhosis Non-cirrhosis Pre-RFA 
HCCs

Recurred 
HCCs

Post-RFA 
HCCs

    2.62 1.04 2.04 2.02 uncheckable

HCCs: Hepatocellular carcinomas; RFA: Radiofrequency ablation.
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Innovations and breakthroughs
The RFA ablation site was comprised of hard lesions that showed coagulative 
necrosis and fibrotic scarring. As a result, recurrent HCCs were found to be softer 
with improved contrast compared to the surrounding pre-RFA ablation area.
Applications 
ARFI images are superior to B-mode images for evaluating HCC recurrence after 
RFA and also useful to guide the second round of RFA for recurrent HCC.
Terminology
ARFI imaging is a new ultrasonography (US) imaging modality used to evaluate 
tissue stiffness by a radiation force-based imaging method that is provided with 
conventional B-mode US.
Peer review
This is an interesting report of the effect of RFA on HCC by use of ARFI techniques.
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