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Abstract—The purpose of this study was to assess the efficacy of conventional ultrasound (US) and contrast-
enhanced ultrasound (CEUS) in guiding and assessing early therapeutic response to radiofrequency (RF) ablation
for hepatocellular carcinomas (HCCs; up to 3 lesions, each #3 cm in diameter) and to report the short-term
follow-up results. Between September 2011 and January 2013, 63 patients with 78 HCCs (#3 cm) underwent
conventional US- and CEUS-guided percutaneous RF ablation. CEUS was repeated after 20–30 min to assess
therapeutic response, and local efficacy was further confirmed by contrast-enhanced magnetic resonance imaging
(MRI) 1 mo after tumor ablation. Patients were followed periodically to look for local tumor or disease
progression. Survival probability was estimated with the Kaplan–Meier method. Complete ablation was achieved
for 76 (97.4%) of 78 HCCs in one (n 5 73) or two (n 5 3) sessions. No major complications were observed in any
patient. The overall concordance in assessment of therapeutic efficacy of RF ablation between CEUS andMRI was
97.4% (76/78 tumors). The concordance test gave a value of k5 0.74 (p, 0.001), indicating that CEUS had a high
diagnostic agreement with MRI. During a mean follow-up of 20 mo, the local tumor progression rate was 5.3%
(4/76 tumors). The 1-, 1.5- and 2-y cumulative survival rates were 98.4%, 96.1% and 92.6%, respectively. Although
CEUS has some intrinsic limitations, the combined use of conventional US and CEUS provides a safe and efficient
tool to guide RF ablation for HCCs 3 cm or smaller, with encouraging results in terms of survival rate andminimal
complications. Moreover, the immediate post-procedural CEUS can be a reliable alternative to contrast-enhanced
MRI for assessing the early therapeutic response to RF ablation. (E-mail: fenghua-li@163.com and renjizhaibo@
163.com) � 2015 World Federation for Ultrasound in Medicine & Biology.
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INTRODUCTION

Radiofrequency (RF) ablation is a safe and effective local
treatment option for patients with hepatocellular
carcinoma (HCC; Lee et al. 2014). Some studies have
even advocated that percutaneous RF ablation can be
used successfully as a first-line treatment modality for
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early-stage HCC (Choi et al. 2007; Kim et al. 2013b;
Lee et al. 2014). Although RF ablation can provide
potentially curative results for HCC, the procedure is
intrinsically dependent on imaging for its planning
and assessment of the final outcome. For guiding
RF ablation of HCC, various imaging modalities,
including ultrasound (US), computed tomography (CT)
and magnetic resonance imaging (MRI), can be used
(Goldberg et al. 2009). Among them, conventional
gray-scale US has been the most widely used guiding
modality, thanks to its easy accessibility, low cost,
real-time imaging capability and no radiation hazard to
the patients. However, not all HCCs are suitable for
conventional gray-scale US-guided RF ablation. For
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example, some HCCs less than or equal to 3 cm are often
less conspicuous due to either their isoechoic nature
and/or their locations in the sonographic blind spots
such as the liver dome (Lee et al. 2010). In addition, the
identification of target lesions is also difficult when the
true HCC nodules must be distinguished from many large
regenerative nodules in a cirrhotic liver (Minami et al.
2004). Therefore, accurate detection and localization of
the true index tumor is essential for successful local
ablation treatment of HCCs 3 cm or smaller.

Implementation of contrast-enhanced US (CEUS)
can be helpful to enhance the technical feasibility of
US-guided RF ablation of HCCs, and it has various
advantages in guiding ablation procedure and assessing
the therapeutic efficacy (Minami and Kudo 2011;
Meloni et al. 2006; Solbiati et al. 2004). CEUS
provides a relatively longer time window to the
operator to perform RF ablation, allows real-time
visualization, can be used in patients with compromised
renal function, and has been shown to be a further option
to contrast-enhanced CT and MRI for assessing
therapeutic response (Frieser et al. 2011; Rajesh et al.
2013). Moreover, CEUS is especially helpful for
localizing the index tumors with poor sonographic
conspicuity during percutaneous US-guided RF ablation
of HCCs (Minami et al. 2004; Minami and Kudo 2011;
Rajesh et al. 2013). However, for HCCs 3 cm or
smaller, applying CEUS to a RF ablation procedure is
still difficult since some tumors do not show typical
enhancement characteristics and deep-seated small
lesions are easily missed on CEUS due to attenuation of
the US beam (Gaiani et al. 2004; Kim et al. 2013a).
The combined use of conventional gray-scale US and
CEUS might achieve the advantage complementation of
two modalities to guide RF ablation. In terms of the
post-procedural assessment, the early and accurate
evaluation of tumoral response to ablation therapy using
imaging modalities is important for determining whether
the tumor is completely treated or needs additional
treatment (Kim et al. 2005; Sparchez et al. 2009).
Having an excellent accuracy in depicting the
micro-vascularization of an HCC nodule, CEUS has
been used to detect residual tumor immediately after
the RF ablation (Gallotti et al. 2009; Meloni et al. 2012;
Sparchez et al. 2009). Even though many previous
clinical trials documented local response rate and
various clinical results of RF ablation (Choi et al. 2007;
Kim et al. 2013a; Mazzaferro et al. 2004; Pompili et al.
2013), there have been few reports that focused on
combined conventional US- and CEUS-guided
percutaneous RF ablation for HCCs 3 cm or smaller
and early assessment of therapeutic response with CEUS.

The purpose of our study, therefore, was to assess the
efficacy of the combined use of conventional US and
CEUS in guiding percutaneous RF ablation for HCC
(up to three lesions, each #3 cm), and to determine the
utility of CEUS in the early assessment of therapeutic
response to RF ablation. The short-term follow-up results
were also reported in the evaluation of post-ablation
complications, the local tumor progression rate and
survival rates of patients.
MATERIAL AND METHODS

Patient population
This prospective study was approved by the

institutional review board, and written informed consent
was obtained from all patients before imaging
examinations and ablation procedures. All the patients
underwent dynamic contrast-enhanced MRI within 1
mo prior to RF ablation treatment to assess the location,
number and size of the tumors. Inclusion criteria for
this study were (i) up to 3 lesions per patient;
(ii) maximum tumor diameter smaller than or equal to 3
cm; (iii) lesion located at least 3 mm away from the
main, right or left portal vein and the gallbladder; and
(iv) Child–Pugh class A or B liver cirrhosis, prothrombin
time ratio.50% and platelet count.50,000/mL. Lesions
with a large exophytic component, adjacent organ or
bowel invasion or associated tumor thrombosis of
the portal vein or extra-hepatic metastases were
excluded. The lesions that could not be detected by
both conventional US and CEUS were excluded
and had to switch to an alternate guiding method to
complete the ablation procedure. The lesions with
lack of at least 10 mo follow-up contrast-enhanced
MRI were also excluded from our study. The diagnosis
of HCC was based on the typical imaging features
(arterial phase hyper-enhancement followed by portal
venous or delayed phase washout) of the dynamic
contrast-enhanced CT and/or MRI or biopsy (Bruix
et al. 2011).

Between September 2011 and January 2013, 76
patients with 93 HCCs 3 cm or smaller were enrolled
consecutively in this study. Four of the 76 patients were
excluded from the study population because their four
HCC nodules could not been detected by both
conventional US and CEUS as a result of coarse
parenchymal echotexture of a cirrhotic liver and poor
sonic window associated with shrunken liver volume. A
total of 72 patients with 89 HCCs underwent
conventional gray-scale US and CEUS-guided percuta-
neous RF ablation. Nine patients with 11 tumors were
excluded who did not have the required follow-up
contrast-enhanced MRI following RF ablation treatment;
within 10 mo after tumor ablation, only one or two times
follow-up contrast-enhanced MRIs were performed
in these nine patients, and then they were lost to



Table 1. Baseline features of the study population

Clinical features Values

Age (y)
Mean 6 SD (range) 55 6 7 (41–67)

Sex
Male, n (%) 55 (87.3)
Female, n (%) 8 (12.7)

AFP (ng/mL)
Median (range) 139.8 (3.3–2147.6)

Previous treatment
Liver resection, n (%) 45 (71.4)
RF ablation, n (%) 10 (15.9)
Chemotherapy, n (%) 1 (1.6)
Microwave ablation, n (%) 1 (1.6)
Liver resection and transarterial

chemoembolization or RF ablation, n (%)
6 (9.5)

Etiology of liver disease
Hepatitis B virus, n (%) 54 (85.7)
Hepatitis C virus, n (%) 3 (4.8)
Alcohol, n (%) 2 (3.2)
Alcohol and Hepatitis B virus, n (%) 4 (6.3)

Diagnosis of HCC
Imaging criteria, n (%) 29 (46.0)
Histopathology, n (%) 34 (54.0)

Tumor number
Single, n (%) 51 (81.0)
Two, n (%) 9 (14.3)
Three, n (%) 3 (4.8)

Tumor size, (cm)
Mean 6 SD (range) 1.5 6 0.4 (0.8–2.9)

SD 5 standard deviation; AFP 5 alpha-foetoprotein; RF 5 radio-
frequency; HCC 5 hepatocellular carcinoma.
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follow-up. Therefore, 63 patients (55 men and 8 women;
mean age, 55 y; range, 41–67 y) with 78 HCCs 3 cm or
smaller were included in our cohort. Baseline features
of the study population are summarized in Table 1.
Fifty-one patients had a history of surgical resection of
primary HCC and one or more new HCC lesions
developed in other parts of the liver on follow-up scans.
Therefore, they refused re-operation and selected RF
ablation therapy because of minor injury and much lower
cost. The remaining 12 patients who had undergone RF
ablation, microwave ablation or chemotherapy selected
further RF ablation therapy for new hepatic tumors due
to their weak physical conditions or the lack of a suitable
donor liver for transplantation. For these patients, RF
ablation was able to control tumor progression without
additional complications and acted as an effective bridge
to transplantation. In this study, 37 liver nodules in
29 patients were considered as HCC by means of
characteristic imaging findings. The remaining 41 liver
lesions in 34 patients were confirmed as HCC by
US-guided percutaneous fine-needle biopsy, as
non-invasive diagnostic criteria were not satisfied. The
underlying causes of liver disease were as follows:
Hepatitis B virus in 54 patients, hepatitis C virus in three
and alcoholic liver disease in two, while in four patients
alcoholic liver disease was associated with hepatitis B
virus. Furthermore, 51 patients had a single nodule,
nine had two nodules and three patients had three nodules
on imaging examinations.

Pre-treatment US examinations
Conventional gray-scale US and CEUS examina-

tions were performed using a Sequoia 512 scanner
(Acuson-Siemens, Erlangen, Germany) equipped with a
4 V1 vector transducer (frequency range, 1.0–4.0
MHz). Contrast pulse sequencing (CPS), a contrast-
specific imaging modality, was used at a low mechanical
index (0.15) level. The low acoustic power enabled
maximum preservation of microbubbles in the
circulation, thereby making prolonged real-time scanning
possible. The US contrast agent used was sulfur
hexafluoride-filled microbubbles (SonoVue; Bracco
SpA, Milan, Italy), which was supplied as a lyophilized
powder and reconstituted with 5 mL of saline solution
to form a homogeneous micro-bubble suspension. Each
injection was given as 1.5 mL of contrast agent via the
antecubital vein in a bolus fashion through a 20-gauge
intravenous cannula within 1–2 s, followed by a flush
with 5 mL of 0.9% normal saline solution. When the
lesion began to show enhancement, the patients were
asked to hold their breath. The CPS mode was initiated
for contrast imaging studies, and the lesion was observed
continuously for 5 min. For the patients with two or three
suspicious nodules, the pre-treatment CEUS examination
was performed on each nodule by repeated bolus
injections of SonoVue.

All conventional US and three-phase CEUS
examinations were performed by an investigator (J.D.)
with 6 y of experience in CEUS. Before intravenous bolus
injection of the contrast agent, the liver was scanned by
fundamental gray-scale imaging to determine the
location, number, size and margin of the index tumor.
CEUS using the dual-imaging mode (i.e., simultaneous
side-by-side display of gray-scale and contrast-specific
mode) was performed in all patients to further determine
the actual lesion region and ablation scope. Smaller
HCCs not optimally visualized on gray-scale US were
located referring to anatomic position on multiphasic
contrast-enhanced CT or MRI. At the appearance of the
first micro-bubble signal in the liver parenchyma, the
patients were requested to hold their breath. Real-time
images in the optimal scanning plane were displayed by
slightly changing the scanning slice showing the HCC
nodules. Conventional ultrasonographic images and the
whole CEUS process were stored on the hard disk
incorporated in the scanner. All US images and video
clips of the 63 patients with HCC were analyzed by two
other investigators (H.L.L. and F.H.L.) with 7 and 9 y
of experience in CEUS, respectively, who had not
performed the conventional US and CEUS examinations
and were blinded to other imaging findings. Initially, each
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reader independently performed the assessment of index
tumors, including the number, size and margin of HCC
lesions before and after injection of SonoVue; echo
patterns (hypo-echoic, isoechoic, or hyper-echoic); and
contrast enhancement patterns (hyper-vascularity or
hypo-vascularity in the arterial phase, with or without
washout of the contrast agent in the portal venous
and/or delayed phase). Subsequently, two readers jointly
reviewed the images of which they originally had
different opinions and then came to a consensus on the
characterization of HCC lesions in those cases.

Ablation procedure
RF ablation was performed with a 150-W Model

S-1500 RF Generator (MedSphere International,
Shanghai, China) and MSI SA Electrodes (MedSphere
International, Shanghai, China) with eight curved
deployable tines and an active trocar tip for uniform
ablation of lesions ranging from 1 to 4 cm. The ablation
procedure was done under local anesthesia with or
without conscious sedation. Local anesthesia was
induced by injecting 5 mL of 1% lidocaine into the
abdominal wall from the skin to the peritoneum along
a pre-determined puncture line before ablation.
Conscious sedation was performed in 23 patients by
giving 0.05 mg/kg midazolam and 3 mg/kg fentanyl while
the cardiovascular and respiratory systems were
continuously monitored.

When the index tumors could be identified on
conventional gray-scale US, the RF ablation probe was
introduced under conventional US guidance, the
electrode tines were deployed according to the size of
the lesion and ablation was performed. During RF
ablation, only the patients with HCC nodules not clearly
depicted on gray-scale US underwent a second CEUS
examination, and the RF ablation probe was introduced
under three-phase CEUS guidance. Dual-imaging mode
was used to reduce the disturbance of a strong increase
of the echogenicity and the artifacts because during the
ablation procedure the conspicuity of the ablation zone
was better on the gray-scale image than on the CEUS
image. The generator was set in the impedance mode
and RF power was increased in 10-W increments per
min from 30 W until it reached the preset maximum
power of 100 W or it impeded out. During RF ablation,
a hyper-echoic zone was observed around the electrode
tip on ultrasonic real-time monitoring. Up to three
applications of RF were given in the treatment session
so that this hyper-echoic zone covered a larger area
than the HCC. Needle tract ablation was also
performed while withdrawing the probe. All RF
ablation procedures were performed percutaneously by
a single interventionalist (B.Z.) with 12 y of experience
in US-guided interventional procedures. CEUS was
repeated 20–30 min after the ablation to look for any
residual arterial phase enhancement and to assess the
adequacy of ablation. Complete ablation was considered
achieved when there was no enhancing portion within or
at the margin of the ablated tumor during the hepatic
arterial phase and the ablation zone extended 0.5 to
1 cm beyond the index tumor border. Incomplete ablation
was defined as a portion of treated HCC showing
persistent hyper-vascularity in the arterial phase, usually
appearing as an irregular or peripheral nodular
enhancement in the ablation zone. When there were
suspicious residual lesions on CEUS, the patients
underwent immediate follow-up contrast-enhanced
MRI. In cases of incomplete ablation, additional RF
ablation was performed with a corrected electrode
position and evaluated again using CEUS. This procedure
was repeated until a complete ablation was achieved.
Immediately after RF ablation, all patients were
evaluated by US examinations to ascertain whether any
immediate complications such as active bleeding had
occurred, and then the patients were observed overnight
and discharged the following d after the ablation.

Follow-up protocol
Contrast-enhancedMRI was performed at 1mo after

tumor ablation to assess the therapeutic response and
every 3 mo thereafter to look for tumor progression.
Therapeutic response was evaluated according to the
modified Response Evaluation Criteria In Solid Tumors
(Lencioni and Llovet 2010). Complete response was
defined as the disappearance of any intra-tumoral arterial
enhancement in the target lesion. Residual tumor was
defined as an arterial phase-enhancing lesion within or
surrounding the RF ablation zone. Local tumor
progression was determined when a subsequent
follow-upMRI demonstrated any growing and enhancing
tumor within or at the margin of the ablation zone, where
there had been complete primary effectiveness. New
HCC was defined as an intra-hepatic tumor showing the
characteristic enhancement pattern of HCC outside the
RF ablation zone.

All patients were followed monthly with physical
examination, liver function tests and AFP measurement
in the first 6 mo after treatment, and thereafter at 3–6
mo intervals. Survival analysis was performed on patient
basis. The overall survival timewas defined as the interval
between the first RF ablation and either death or the last
follow-up contact for patients by December 30, 2013.

Statistical analysis
The Student’s t-test was applied to evaluate the

tumor size discrepancy between conventional US and
CEUS. The results of CEUS in assessment of therapeutic
efficacy were compared with those of MRI by the

chen jie
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Table 2. Conventional US and CEUS findings of the 78
HCC nodules

US findings No. %

Internal echo
Hypo-echoic 57 73.1
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concordance test. Survival probability was estimated by
Kaplan–Meier method. A p value of ,0.05 was
considered statistically significant. All statistical analyses
were performed using SPSS software version 13.0 (SPSS
Inc; Chicago, IL, USA).
Iso-echoic 18 23.1
Hyper-echoic 3 3.8

Margin type
Well-defined 51 65.4
Ill-defined 27 34.6

Peripheral hypo-echoic halo
Present 6 7.7
Absent 72 92.3

Size discrepancy between two measurements
Larger 20 25.6
Un-changed 58 74.4

CEUS pattern
Arterial phase hyper-enhancement and portal
venous/delayed phase washout

36 46.2

Only arterial phase hyper-vascularization 34 43.6
No arterial phase hyper-vascularization 8 10.3

US 5 ultrasound; CEUS 5 contrast-enhanced ultrasound.
RESULTS

Pre-treatment US findings
Among 63 patients, a total of 78 HCCs 3 cm or

smaller (mean 1.5 cm, range 0.8–2.9 cm in diameter)
were ablated under the guidance of conventional
gray-scale US and CEUS. Pre-treatment conventional
US and CEUS findings are presented in Table 2. On con-
ventional gray-scale US, all the lesions appeared as solid
nodules with different sonographic patterns. Of the 78
HCCs 3 cm or smaller, 57 (73.1%) were hypo-echoic,
18 (23.1%) were isoechoic and three (3.8%) were
hyper-echoic. Moreover, 54 (69.2%) of 78 HCCs were
smaller than 2 cm in maximum diameter. Of these 54
small HCCs, 41 (75.9%) were hypo-echoic, 12 (22.2%)
were isoechoic and one (1.9%) was hyper-echoic. Periph-
eral hypo-echoic halos were seen in 6 (7.7%) isoechoic or
hyper-echoic nodules. The 18 (23.1%) isoechoic nodules
not clearly depicted on gray-scale US were detected by
CEUS scan. In addition, the shape and border of 27
(34.6%) HCC nodules with ill-defined margins on
conventional gray-scale US could be well visualized on
CEUS. The size of 20 (25.6%) HCCs measured at the
artery phase of CEUS appeared larger compared to those
obtained from conventional gray-scale US (1.86 0.5 cm
vs 1.5 6 0.4 cm; p 5 0.03). In three patients with multi-
focal HCC lesions, pre-treatment contrast-enhanced MRI
had identified all the hepatic tumors. By referring to the
findings on contrast-enhanced MRI and repeated
injections of contrast medium, CEUS detected multifocal
tumor lesions in advanced liver cirrhosis and identified
the true HCC nodules, which could not be differentiated
from many large regenerative nodules at conventional
gray-scale US (Fig. 1).

As shown in Table 2, 36 (46.2%) of the 78
HCCs showed a typical enhancement pattern on
CEUS—hyper-vascularity in the arterial phase with
washout of the contrast agent in the portal venous and/or
delayed phase, 34 (43.6%) exhibited only the marked
arterial phase hyper-enhancement without obvious
washout of contrast agent from lesions and no arterial
hyper-vascularization was observed in the remaining
eight (10.3%) nodules, though they were hyper-vascular
on contrast-enhanced CT or MRI before RF ablation.
US-guided RF ablation for HCC
Among 78 HCCs 3 cm or smaller, 60 (76.9%) could

be visualized on conventional gray-scale US. Of these
60 nodules, 52 nodules displaying arterial phase
hyper-enhancement on CEUS were ablated under the
guidance of conventional gray-scale US. For these 52
nodules, CEUS was only performed for pre-treatment
evaluation of the index tumor and was not performed
for real-time guidance of an electrode placement.
The other eight nodules showed no arterial
hyper-enhancement. During the portal venous phase
and delayed phase, the majority (6/8, 75.0%) of nodules
without arterial hyper-vascularity on CEUS, were
iso-enhanced, while the remaining two nodules were
slightly hypo-enhanced in comparison to the surrounding
parenchyma. On conventional gray-scale US, five
(62.5%) of the eight nodules were located deeply in the
posterior segments of the right hepatic lobe ($9 cm
from the transducer), and six (75.0%) were smaller than
2.0 cm in maximum diameter. These eight (10.3%)
nodules without arterial hyper-vascularity were targeted
and ablated under the guidance of conventional
gray-scale US alone (Fig. 2). The remaining 18 (23.1%)
nodules were targeted and ablated under the guidance
of three-phase CEUS alone as the lesions were not clearly
visible on conventional gray-scale US (Fig. 3).
CEUS for the early assessment of therapeutic response
CEUS was repeated 20–30 min after completion of

the ablation. CEUS suggested that 75 (96.2%) of the 78
HCCs 3 cm or smaller were completely ablated, and the
remaining three (3.8%) were not successfully treated
with RF ablation. A second RF ablation session was
performed after these three residual un-ablated tumors
were identified by immediate post-RF ablation MRI. No
major post-procedural complications were observed in



Fig. 1. Multifocal hepatocellular carcinoma (HCC) lesions in a 52-y-old man. (a) Contrast-enhanced MRI performed
during the arterial phase shows multifocal viable tumor lesions (arrows) among many large regenerative nodules in
advanced cirrhotic liver. (b, c) Before the RF ablation, contrast-enhanced ultrasound (CEUS) images obtained during

the arterial phase identify the true HCC nodules (arrows).

Utility of ultrasound in radiofrequency ablation for hepatocellular carcinoma d J. DU et al. 2405
any patient. Minor complications, in the form of
self-limiting intraperitoneal bleeding, were seen in three
(4.8%) of the 63 patients.
Follow-up
Contrast-enhanced MRI scans 1 mo after RF

ablation revealed a total of 76 (97.4%) HCCs were
completely ablated, whereas the remaining two (2.6%)
were not successfully treated with RF ablation (Fig. 4).
Thus, five HCCs with poor conspicuity on conventional
gray-scale US were not successfully ablated in the first
session, and technical effectiveness was achieved for 76
HCCs in one (n 5 73) or two (n 5 3) RF ablation
sessions. The overall concordance in assessment of
therapeutic efficacy between CEUS and MRI was
97.4% (76/78 tumors). The concordance test gave a value
of the coefficient k5 0.74 (p, 0.001), indicating a high
concordance between the results obtained with CEUS
and those obtained with MRI. In our study, immediate
post-procedural CEUS performed within 20–30 min after
RF ablation showed a sensitivity of 60% (three of five
tumors) and a specificity of 100% (73 of 73 tumors) for
detection of unsuccessfully treated lesions.

During a mean follow-up of 20 mo (range: 11–29
mo), local tumor progression was identified in four
(5.3%) of the 76 ablated tumors with complete primary
effectiveness. One or more new lesions developed in
other parts of the liver on follow-up scans in 25
(39.7%) of the 63 patients. Four (6.3%) patients died of
tumor progression (n 5 2), liver failure (n 5 1) or
complications of cirrhosis (n 5 1) within the follow-up.
In our study, survival probability for patients with HCC
treated with RF ablation was estimated by Kaplan–Meier
method. As illustrated in Figure 5, the Kaplan–Meier plot
showed the cumulative survival rates at 1, 1.5 and 2 y
were 98.4%, 96.1% and 92.6%, respectively.
DISCUSSION

The success rate of RF ablation depends on precise
targeting of the lesion under imaging guidance. However,



Fig. 2. Radiofrequency (RF) ablation treatment for biopsy-confirmed small hypo-vascular hepatocellular carcinoma
(HCC) under conventional gray-scale ultrasound (US) guidance in a 50-y-old man. (a, b) Inter-costal and sub-costal
oblique gray-scale US scans show a 1.9-cm oval hypo-echoic lesion in liver segment VIII (arrows). (c, d) The
inter-costal contrast-enhanced (CEUS) image shows the nodule (arrowheads) is not visualized in the hepatic arterial phase
(31 s) and portal venous phase (48 s) due to iso-enhancement relative to the surrounding liver tissues, and the same CEUS
manifestation is also seen in the sub-costal oblique plane (not shown). (e) Hypo-vascular HCC lesion is ablated under the
guidance of conventional gray-scale US alone, and inter-costal gray-scale US scan immediately after the ablation shows a

hyper-echoic ablation zone (arrowheads) completely covering the index tumor.
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Fig. 3. Biopsy-confirmed small isoechoic hepatocellular carcinoma (HCC) before and after successful radiofrequency
(RF) ablation in a 64-y-old-man. (a) Contrast-enhanced MRI performed before RF ablation shows an ill-defined
heterogeneous iso-enhancing nodule (arrowheads) in liver segment VIII, which presents with multiple small
hypo-enhancing areas. (b) A 1.5-cm heterogeneous hyper-enhancing nodule (arrow) is shown on arterial phase
contrast-enhanced ultrasound (CEUS) image, whereas this lesion could not be visualized on gray-scale US. One feeding
vessel (arrowheads) that enters the lesion’s periphery is detected by CEUS. (c) After RF ablation, CEUS image obtained
27 s after contrast agent injection shows no vascularity within the ablation zone (arrowheads). (d) The diagnosis of
complete necrosis (arrows) is confirmed by 1-mo post-ablation contrast-enhanced MRI. The same feeding vessel (black
arrow) entering the lesion’s periphery could also be seen on MRI images (a and d), suggesting that the anatomic location

of the index tumor is consistent with the ablation zone.
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visualization of a lesion on conventional gray-scale US is
difficult at times as a result of coarse parenchymal
echotexture of a cirrhotic liver and poor sonic window
associated with shrunken liver volume. Our study showed
that only 76.9% of HCCs 3 cm or smaller were visible on
pre-ablation planning gray-scale US performed with
known CT or MRI results, which was consistent with
the previously published literature (Kim et al. 2012).
Although contrast-enhanced CT or MRI-guided RF
ablation has been shown to be potentially useful for the
treatment of HCC nodules that are not visualized by
gray-scale US, real-time visualization is inferior to
US guidance, and sometimes the procedures are
accompanied by radiation exposure to patients and
operators (Masuzaki et al. 2011; Rajesh et al. 2013).
The results of our study have demonstrated that the use
of pre-ablation CEUS is very helpful for localizing
HCC nodules not well visualized by gray-scale US and
can clearly depict the shape and boundary of HCC lesions
with ill-defined margins. During the RF ablation
procedures, CEUS significantly helped real-time
guidance of RF ablation for HCC lesions that could not
be adequately depicted at gray-scale US, which was
in agreement with the findings of previous studies
(Dong et al. 2014; Rajesh et al. 2013). The size of 20
(25.6%) HCCs measured on arterial phase CEUS
images appeared significantly larger than those obtained
from gray-scale US images, which suggested that a
routine use of pre-treatment CEUS examination might
reduce the number of incomplete ablations as the safety



Fig. 4. Small hepatocellular carcinoma (HCC) unsuccessfully treated with radiofrequency (RF) ablation under
the contrast-enhanced ultrasound (CEUS) guidance in a 57-y-old man. (a) The HCC nodule could not be clearly
visualized on conventional gray-scale ultrasound (US). (b, c) CEUS images in the hepatic arterial phase (26 s) and portal
vein phase (48 s) after the injection of microbubbles show a 1.8-cm sized, only transiently hyper-enhanced nodule
(arrows) without obvious washout of contrast agent (white ellipse). (d, e) Contrast-enhanced MRI performed 1 mo after
CEUS-guided RF ablation shows a deviation of the ablation zone (arrows) close to the index tumor (arrowheads) in liver

segment VII.
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Fig. 5. Graph shows Kaplan–Meier survival estimation for
63 patients who underwent radiofrequency (RF) ablation
treatment for hepatocellular carcinomas (HCCs) less than or

equal to 3 cm.
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margin could be more clearly determined. By referring to
anatomic position on pre-ablation contrast-enhanced
MRI and repeated injections of contrast medium, CEUS
could detect multi-focal tumor lesions and identify the
true HCC nodules among many large regenerative
nodules in advanced cirrhotic liver.

However, applying CEUS to a RF ablation
procedure is not always beneficial because some
smaller HCCs do not show typical arterial phase
hyper-enhancement and portal venous/delayed phase
washout on CEUS. This is more frequently found in
HCCs that are well differentiated (Kim et al. 2011b,
2013a). In our study, 34 (43.6%) of the 78 HCCs 3 cm
or smaller showed only the arterial hyper-vascularity
without obvious washout of contrast agent from lesions.
Of these 34 HCCs with only transient hyper-
enhancement in arterial phase, 24 (70.6%) were small
HCCs less than 2 cm. The temporal window of the arterial
phase in which hyper-vascularity can be depicted is
sometimes not long enough for real-time monitoring for
placement of an electrode. Therefore, real-time targeting
under guidance of arterial phase CEUS can be technically
difficult and may need an experienced operator. In our
study, five HCCs with poor conspicuity on conventional
gray-scale US were not successfully ablated in the first
session, which might be correlated with their small size,
location in the sonographic blind spot, deviation caused
by respiratory movements and not enough time for real-
time targeting due to only transient hyper-enhancement
in arterial phase. CEUS-guided RF ablation with the
use of Sonazoid, a kind of shelled perfluorobutane-
based US contrast agent, might be helpful in achieving
complete RF ablation of these lesions. Compared to So-
noVue, Sonazoid could provide a longer temporal win-
dow for the interventionalist for the detection,
localization and ablation of HCC lesions (Dohmen
et al. 2012; Masuzaki et al. 2011). Since 2009, fusion
imaging techniques of US and CT/MR images have
been shown to be of use in the localization and
targeting of HCC nodules that are not visualized by
gray-scale US (Lee et al. 2012; Nakai et al. 2009; Song
et al. 2013). However, fusion images between US and
CT/MRI do not always accurately correspond to the
actual US images because of the discrepancies caused
by respiratory movements, changes in posture and
bowel peristalsis (Rajesh et al. 2013).

When CEUS is used to guide the RF ablation,
detection of arterial phase hyper-vascularity is crucial
to make a diagnosis of HCC as it is one of the most
reliable characteristics of HCC (Jang et al. 2009).
However, there is a small subset of HCCs with no arterial
phase hyper-vascularity, particularly those that are well
differentiated (Jang et al. 2007; Kim et al. 2011b).
Moreover, CEUS is slightly less sensitive than contrast-
enhanced CT and MRI in the detection of arterial phase
hyper-vascularity, especially for very small (#1 cm in
size) or deep-seated lesions (Gaiani et al. 2004; Giorgio
et al. 2007). In our study, eight (10.3%) of the 78 HCCs
showed no arterial phase hyper-vascularity on CEUS,
most of which were small HCC lesions. However,
complete ablation was achieved in a single session in
these eight tumors under the guidance of conventional
gray-scale US alone. This suggests that conventional
gray-scale US can provide valuable images to help guide
RF ablation therapy for such small HCCs without arterial
hyper-vascularity.

The results of our study demonstrated that the
overall concordance in post-procedural assessment of
therapeutic efficacy of RF ablation between CEUS and
contrast-enhanced MRI was 97.4% (76 of 78 tumors),
which indicated that CEUS had a high diagnostic
agreement with MRI. However, the early assessment of
therapeutic response using CEUS is limited by a
relatively high rate of false negative results. A previous
study demonstrated that immediate post-procedural
CEUS performed within 1 h after RF ablation
showed poor sensitivity (40%) with relatively high
specificity (94%) for detection of residual tumor
when CT or MRI results were used as a reference
standard (Dill-Macky et al. 2006). In our study,
immediate post-procedural CEUS suggested that 75
(96.2%) of the 78 HCCs were completely ablated. A
second RF ablation was performed after three
residual un-ablated tumors were identified by immediate
post-RF ablation MRI. With the findings of 1-mo
follow-up contrast-enhanced MRI as the reference stan-
dard, immediate CEUS performed within 20–30min after
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RF ablation showed 60% (3 of 5 tumors) sensitivity with
100% (73 of 73 tumors) specificity for detection of unsuc-
cessfully treated lesions. Two un-ablated viable tumors
failed to be detected by CEUS, which could be ascribed
to the small lesion size, unfavorable locations for obser-
vation, the limiting two-dimensional ultrasonic plane
and benign reactive enhancement around the RF ablation
zone. Although the sensitivity of CEUS in early detection
of residual un-ablated tumors was lower, immediate
post-procedural CEUS could be of extreme importance
allowing retreatment in the same session and, therefore,
reducing the number of incomplete ablations.

Conventional US and CEUS have been shown to be
efficient imaging modalities in guiding RF ablation of
HCC. However, for HCCs less than or equal to 3 cm in
diameter, applying either conventional US or CEUS
alone to a RF ablation procedure is still difficult due to
their isoechoic nature and atypical enhancement patterns.
According to previous studies, technical feasibility of
US-guided RF ablation for HCCs with mean diameters
of 1.8–1.9 cm did not exceed 70% (Kim et al. 2011a,
2013a; Rhim et al. 2008). The results of our study
demonstrated that CEUS could enhance the technical
feasibility of US-guided RF ablation of HCCs 3 cm or
smaller, and has various advantages in pre-treatment eval-
uation of HCC nodules and real-time guidance of the in-
dex tumors with poor sonographic conspicuity. In
addition, conventional US could provide valuable images
to help guide RF ablation therapy for HCCs with only
transient hyper-enhancement in arterial phase or without
arterial hyper-vascularity, especially for some small le-
sions, since not all the small HCCs are isoechoic. There-
fore, the combined use of conventional gray-scale US and
CEUS might achieve the advantage complementation of
two modalities to guide RF ablation. The results of the
present study showed that a high complete ablation rate
of 97.4% (76/78 tumors) was achieved after one or two
sessions under the guidance of conventional US
combined with CEUS, with no major procedure-related
complications.

Local tumor progression rates for HCCs less than or
equal to 3 cm were approximately 10%–20% during the
2–3-y follow-up period (Lin et al. 2005; Shibata et al.
2009). In the present study, the local tumor progression
rate was only 5.3% (4/76 tumors) during a mean
follow-up of 20 mo (range: 11–29 mo). Lower tumor
progression rate might be attributed to several
factors, including operators’ expertise, tumor location,
adequate ablative margin and biologic behavior or
histologic grade of the tumor. The cumulative survival
rate was higher than 95% at 1 y and 90% at 2 y after
RF ablation. However, new lesions developed in other
parts of the liver on follow-up scans in 25 (39.7%) of
the 63 patients.
This study has several limitations. Firstly, the
patients enrolled in this study are numerically small and
further studies are needed in a larger patient population
to confirm our findings. Secondly, the current results
were based on a mean follow-up of 20 mo after RF
ablation treatment. A long-term follow-up of these
patients to assess local tumor progression rates has yet
to be performed. Thirdly, nine patients with 11 tumors
were excluded who did not have the required follow-up
contrast-enhanced MRI following RF ablation treatment.
Appreciable loss to follow-up (9/63; 14.3% of patients)
may introduce bias in the estimates of treatment effect.
Fourthly, when using CEUS to detect deep-seated
smaller lesions, attenuation of the US beam remains an
objective limit of this technique. Finally, one limitation
of CEUS compared with contrast-enhanced MRI is its
lack of panoramicity, i.e., the need to focus analysis on
the only one suspect mass, excluding the remaining
liver parenchyma. Therefore, the detection of
multifocal HCC nodules with CEUS depends on the
anatomic location on pre-ablation contrast-enhanced
MRI, and repeated injections of contrast medium are
also needed.

In conclusion, although CEUS has some intrinsic
limitations, the combined use of conventional US
and CEUS provides a safe and efficient tool to
guide RF ablation for HCCs 3 cm or smaller, with
encouraging results in terms of survival rate and
minimal complications. In addition, the immediate
post-procedural CEUS can be a reliable alternative
to contrast-enhanced MRI for assessing the early
therapeutic response to RF ablation.
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