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Objective: To retrospectively investigate the role of contrast-enhanced ultrasonography (CEUS) in
percutaneous radiofrequency ablation (RFA) in patients with liver metastases and evaluate the therapeutic
efficacy of RFA assisted by CEUS.

Methods: From May 2004 to September 2010, 136 patients with 219 liver metastatic lesions received
CEUS examination 1 h before RFA (CEUS group), and other 126 patients with 216 lesions without
CEUS examination in the earlier period were served as a historical control group. The mean tumor size
was 3.2 cm and the mean tumor number was 1.6 in the CEUS group, while 3.4 cm and 1.7 in the control
group, respectively (P>0.05). The clinical characteristics, recurrence results and survival outcomes were
compared between two groups.

Results: In the CEUS group, two isoechoic tumors were not demonstrated on unenhanced ultrasonography
(US), and 63 (47%) of 134 tumors examined with CEUS were 0.3 c¢m larger than with unenhanced US.
Furthermore, in 18.4% of 136 patients, additional 1-3 tumors were detected on CEUS. The CEUS group
showed higher early tumor necrosis and lower intrahepatic recurrence than the control group. The 3-year
overall survival (OS) rate and the 3-year local recurrence-free survival (LRFS) rate in the CEUS group were
50.1% and 38.3%, in contrast to 25.3% and 19.3% in the control group, respectively (P=0.002 and P<0.001).
Conclusions: CEUS provides important information for RFA treatment in patients with liver metastases

and better therapeutic effect could be attained.
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Introduction

Percutaneous radiofrequency ablation (RFA) is one of
the most widely used minimally invasive local treatment
developed in recent years, which has been recognized as
a safe and efficient therapeutic method for primary and
secondary hepatic malignant tumors (1-5). Ultrasonography
(US) guidance is performed in real time without radiation
and is recognized as the most convenient imaging modality
for percutaneous RFA treatment in patients with liver
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malignancies. However, not all tumors that are detected by
computed tomography (CT) or magnetic resonance imaging
(MRI) can be clearly demonstrated by unenhanced US (6,7).
Contrast-enhanced ultrasonography (CEUS) was initially
used to detect and differentiate liver focal lesions (8,9). It
had been reported that CEUS significantly improved the
detection of liver metastases compared to unenhanced US
(10,11). In 1999, Solbiati, et a/. (12) firstly reported a clinical
application about using the ultrasonography contrast agent
Levovist 24 h after RFA treatment with liver metastases to
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early detect residual tumor. After that, a few of studies have
shown inspiring results for CEUS used in RFA treatment
in patients with liver malignancies, including detecting and
locating obscure lesions on the unenhanced US before RFA
(13,14), guiding and monitoring the treatment process (15), and
evaluating the early outcome of RFA (12,16). We had also
reported the role of CEUS in planning treatment protocols
and selection patients with hepatocellular carcinoma (HCC)
for percutaneous RFA therapy (17,18). These studies
offered valuable information for us. In this study, CEUS was
used for patients with liver metastases especially patients
after chemotherapy in order to qualify the tumor number,
location, and infiltration range.

Based on the former studies, we performed a
retrospective analysis from prospective database of the
ultrasound department of Beijing Cancer Hospital with a
study purpose to analyze the application value of CEUS
for percutaneous RFA of liver metastases in terms of
metastatic tumor detection and tumor size. The long-
term outcome of RFA using CEUS was evaluated at
the meantime, which was compared with the historical
control group without using CEUS. Furthermore, the two
groups were subdivided according to tumor size (<2 cm
or >2 cm) and number (solitary or multiple) to specifically
analyze the effect of tumor size and number on tumor
recurrence and survival between two groups.

Materials and methods
Patients

Our study was approved by the ethics committee of Beijing
Cancer Hospital. Written informed consent was obtained
from all patients prior to the CEUS and RFA procedures.
One hundred and thirty-six consecutive patients with 219
liver metastases who received CEUS examination 1 h before
RFA at the ultrasound department between May 2004
and September 2010 served as a CEUS group. To assess
whether CEUS facilitated RFA, a historical control group
was set to compare the therapeutic efficacy between two
groups. One hundred and twenty-six consecutive patients
with 216 liver metastases in the control group were treated
by percutaneous RFA with unenhanced US between July
2000 and April 2004, which was prior to the introduction of
CEUS. Written informed consent was also obtained from
patients in the control group before RFA. For two groups,
liver metastasis was diagnosed based on the clinical history,
enhanced CT or MRI, and/or histopathologic findings by
biopsy. RFA was selected when patients were not candidates
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for surgery because of the patients’ comorbidity, tumor
location or patients preferred to receive RFA treatment.
Patients with liver metastases were recruited to the study if
they met the following criteria: (I) a solitary liver metastasis
of less than 7 cm, (II) <5 tumors of <5 cm in maximum
diameter, (IIT) platelet count of greater than 50,000/pL.
and prothrombin time of greater than 50%, (IV) Child-
Pugh classification A or B, or (V) the primary tumor and/
or extrahepatic metastases of all patients had been resected
or sustained stable after treatment. End-point of the study
was December 2010. The mean age of 136 patients in the
CEUS group was (59.1£10.9) years (range, 32-90 years),
and the mean age of 126 patients in the control group
was (59.2+11.0) years (range, 30-81 years) (P=0.950). The
mean tumor size was (3.2+1.2) cm (range, 0.7-6.7 cm)
and (3.4£1.0) cm (range, 1.0-6.7 cm) for the CEUS group
and the control group, respectively (P=0.084). The tumor
number ranged from 1-5, with (1.6+0.8) tumors per patient
of the CEUS group and (1.7+1.1) tumors of the control
group, respectively (P=0.595). The primary sites included
colon-rectum, breast, stomach, lung, esophagus, pancreas
and so on. Most liver metastases originated from colon-
rectum, 44.1% (60/136 patients) in the CEUS group and
51.6% (65/126 patients) in the control group, respectively
(P=0.547). No statistically significant differences were
found with respect to other baseline clinical characteristics
between two groups (Table I).

Examination method and equipment

Ultrasonography systems included a LOGIQ 9 (GE Medical
Systems, Milwaukee, WI, USA) with a 2.5-5.0-MHz convex-
arrayed transducer, and an Aloka a-10 (Aloka Co., Ltd,
Tokyo, Japan) with a 2.5-5.0-MHz small-sector and board-
view convex probe. All liver metastases in two groups
were first recognized and recorded with tumor location,
size, number and color flow by unenhanced US. In the
CEUS group, the contrast agent SonoVue (Bracco SpA,
Milan, Italy) was used (19). A homogeneous microbubble
suspension was formed with 5 mL of saline. The contrast
media was manually administered intravenously through a
20 gauge cannula into the antecubital vein at a 2.4 mL bolus
within 1-3 s and then flushed with 10 mL of normal saline.
The acoustic power output was set at the default setting
with a mechanical index of 0.09. A single focus point was set
at the deepest point of the monitor.

After injection of the contrast media, the target
tumor was firstly observed and then the whole liver was
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Table 1 Comparison of baseline characteristics of patients between two groups

Clinical characteristics CEUS group (n=136) Control group (n=126) s P
Age (year)
<40 6 6 0.551 0.759
41-60 71 60
>60 59 60
Gender
Men 73 81 3.038 0.081
Women 63 45
Primary site
Esophagus 4 5 5.025 0.547
Stomach 14 15
Colon-rectum 60 65
Breast 18 15
Lung 13 11
Pancreas o) 5
Others 22 10
Chemotherapy before RFA
Yes 93 75 2.231 0.135
No 43 51
Extrahepatic metastases
Yes 19 12 1.240 0.266
No 117 114
Child-pugh classification
A 117 110 0.091 0.762
B 19 16
Largest tumor size (cm)
<2.0 24 13 3.901 0.142
2.1-5.0 101 97
>5.0 11 16
Tumor number
1 78 79 2.406 0.300
2 38 25
3-5 20 22
Tumor location 0.631 0.427
Central zone 34 37
Peripheral or adjacent to 102 89

important structures

*Fisher’s exact test

scanned in the liver parenchyma phase to find any new
hypoechoic liver metastases. The whole time of CEUS
procedure was 6-8 min. If any lesion was suspected,
2.4 mL was administered once more. The process of
CEUS was observed real-timely and recorded by digital
imaging and communication in medicine (DICOM).
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The tumor location, size, number and relationship with
the surrounding structures (such as the gastrointestine,
diaphragm, large vessels, etc.) were written down in detail
by review. The CEUS examinations were performed by
experienced radiologists having had more than 100 cases of
liver CEUS examinations.
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RFA treatment procedure

The Aloka 0-10 ultrasonography system with 2.5-5.0-MHz
small-sector and board-view convex probe equipped with
attachments for biopsy and RFA electrode insertion was
used to guide the RFA therapy.

"Two types of RFA systems were used according to the tumor
size, shape and location. One was a 460-KHz of maximum
power 200 W generator (Model 1500; RITA Medical System,
Mountain View, CA, USA) with the expandable electrodes,
which deployed to form a spherical ablation ranged from 2.0
to 5.0 cm in diameter. The other type of REF ablation system
was a (470+10)-KHz output frequency of 250 W maximum
power generator regulated by power (CelonLab POWER RF
ablation system, Germany). The 15-20 cm electrode needles
with a 3 or 4 cm exposed tip were connected to the system
in bipolar and multipolar mode. The scope and shape of the
ablation zone were depended on the length of the needle tip,
number of needles, distance between the needles, the emission
power and the treatment time.

The RFA was performed percutaneously by two radiologists
with more than 5 years experience in US-guided interventional
procedures including RFA. All patients of two groups underwent
contrast-enhanced CT or MRI scan within 1 month before
RFA. In the CEUS group, the RFA protocol for each case was
designed according to CEUS findings combined with enhanced
CT or MRI, while in the control group, the RFA protocol was
designed according to unenhanced US and contrast CT/MRI
results. For all patients, moderate sedation anesthesia (2.5-
5.0 mg midazolam; 50-100 pg fentanyl) and local anesthesia
(5-15 mL 1% lidocaine) were used during RFA procedure.
The patients’ vital signs were continuously monitored. The
electrode needle was inserted along a predetermined puncture
line into the target tumor. During the whole process, the ablated
area was monitored with unenhanced US. The tumor was
considered to be completely ablated if the zone of increased
echogenicity beyond the scope of the tumor size at US. It was
necessary for overlapping ablations when the tumor was larger
so that the whole tumor and a margin of at least 0.5-1.0 cm
diameter around the tumor were ablated (20). Track ablation
was performed when withdrawing the electrode in all patients.
These patients were observed 30 min after RFA until there was
no evidence of active bleeding on the US scan. Generally, the
patients were hospitalized for 1-3 d after RFA.

Efficacy evaluation and follow-up
An enhanced CT or MRI scan together with laboratory
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tests was performed 1 month after the first RFA treatment
to evaluate the tumor necrosis. Imaging and laboratory
examination follow-ups were conducted once every
2-3 months within the first year, and then once every
4-6 months in the following years. Early tumor necrosis
was considered if no enhancement was seen within or
around the ablated tumor on one month CT/MRI.
A nodular enhancement in the liver was considered
recurrence, which was classified as local recurrence (LR,
within or at the periphery of the ablated site) and distant
intrahepatic recurrence (DIR, remote from the RFA site).
CT examinations were performed with a GE LightSpeed
64-slice spiral CT scanner. Magnetic resonance imaging
examinations were performed with a GE EchoSpeed 1.5 T
MRI scanner. Two radiologists who had at least 5 years
experience in liver CT or MRI reviewed the results to assess
RFA efficacy with consensus.

Statistical analysis

Data were expressed as x+s. The Chi-square, Fisher’s exact
and unpaired Student’s ¢ tests were used for the two groups
in contrast to the clinical characteristics and recurrence
results. We used the Kaplan-Meier method and the log-
rank test to calculate and compare survival outcomes,
including overall survival (OS) and local recurrence-free
survival (LRFS). Survival time was measured in months
from the point of liver metastases initially treated by RFA.
All P values were derived from two-tailed tests, and a level
of less than 0.05 was accepted as statistically significant.
SPSS statistical analysis software version 13.0 (SPSS, Inc.,
Chicago, IL, USA) was used.

Results
Comparison of tumor size and number in CEUS group

The largest tumor in 136 patients of the CEUS group was
set for the target tumor. The maximum diameter of the
target tumor measured in the same section was compared
on unenhanced US and on CEUS. Two of 136 tumors were
not visualized on unenhanced US. Sixty-three (47.0%) of
the remaining 134 tumors examined with CEUS were 0.3 cm
larger than with unenhanced US (range, 0.4-2.0 cm; ¥=s,
0.9+0.5 cm). Among them, 90.5% (57/63) were larger than
2 cm (Figure I).

Besides, additional 40 metastatic lesions (range, 1-3 lesions
per patient) were detected in 25 patients on CEUS, with
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Figure 1 A 66-year-old man with liver metastasis resulted from lung carcinoma underwent RFA treatment in CEUS group. A. The arterial

phase on enhanced CT demonstrated a 3.6 cm tumor with peripheral enhancement in the segment II of liver; B. US showed a hypoechoic

tumor with obscure margin, about 3.3 c¢m in diameter (1); C. The arterial phase on CEUS appeared obviously overall enhancement of the

lesion up to 4.7 cm in diameter (1); D. After overlapping ablation, the therapeutic scope was above 5 cm in diameter; E. Enhanced CT scan

after 4 months RFA treatment showed no enhancement of the lesion, indicating complete tumor necrosis

(1.80.6) cm (range, 0.7-3.0 cm) in diameter, and 82.5% (33
of 40 lesions) occurred in lesions <2.0 cm (Figure 2).

Liver metastases necrosis and recurrence

The follow-up period was 3.0-79.0 (16.3+13.8) months
for the CEUS group and 3.0-97.0 (21.9+18.0) months for
the control group. The early tumor necrosis rate after the
first RFA treatment was higher in the CEUS group with
215 (98.2%) of 219 lesions than in the control group with
204 (94.4%) of 216 lesions (P=0.039). The differences in
recurrence results between two groups are demonstrated on
Table 2. LR and DIR both less often occurred in the CEUS
group compared with the control group (P=0.017 and
P<0.0001).

In a separate analysis of patients with tumors <2.0 cm,
there was no significant difference of incidence of LR
between CEUS group (8.3% wvs. 15.4%, P=0.602). But for
patients with tumors >2.0 cm, LR was more common in
the control group (31.0% vs. 18.8%, P=0.034) (Figure 3).
Besides, the relationship between the incidence of DIR and
the liver metastatic tumor number with initial treatment in
two groups were analyzed. For the solitary liver metastasis,
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the CEUS group showed a significantly lower DIR rate
of 20 (25.6%) of 78 patients than the control group of 47
(59.5%) of 79 patients (P<0.001). There was no statistically
difference of DIR rate between two groups in terms of
multiple liver metastases (P=0.370).

The recurrence time was (6.5+5.8) months (range, 2.0-
25.0 months) for the CEUS group and (5.2+4.1) months
(range, 2.0-13.0 months) for the control group, respectively
(P=0.100).

Survival analysis

At the end of the study, 117 (44.7%) patients survived,
123 (46.9%) died, and 22 (8.4%) patients dropout among
262 patients. The OS rates for two groups are presented
in Figure 44. The 1-, 2- and 3-year OS rates were 82.5%,
64.3% and 50.1% respectively for the CEUS group, and
73.5%, 44.9% and 25.3% respectively for the control
group. The median survival time was 38 and 20 months for
the CEUS and control groups, respectively (P=0.002). In
the analysis of LRFS, the CEUS group showed significantly
higher 1-, 2- and 3-year LRFS rates (67.7%, 53.8% and
38.3%, respectively) than control group (51.2%, 31.1% and
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Figure 2 A 52-year-old woman with liver metastasis resulted from esophageal carcinoma underwent RFA in CEUS group. A. US showed an
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C

inhomogenous echoic tumor surrounding with halo located proximal to the diaphragm in the left lobe of liver; B. CEUS demonstrated the

tumor was significantly enhanced, and a size of 1.4 cm enhanced nodule near it was noticed (1) in the arterial phase; C. The two tumors both

washed out with clear margin (1) in the parenchyma phase on CEUS; D. Enhanced CT appeared peripheral enhancement of the two tumors
in the arterial phase (1); E. RFA treatment was performed immediately after CEUS. Two tumors were ablated together; F. Enhanced CT

scan after 2 months RFA demonstrated the ablated tumor and the surrounding area were not enhanced

Table 2 Liver metastases recurrence patterns and incidences after RFA between two groups

Recurrence types CEUS group % (n/N) Control group % (n/N) P P
Local recurrence
>2.0 cm 18.8 (21/112) 31.0 (35/113) 4.496 0.034
<2.0cm 8.3 (2/24) 15.4 (2/13) NA 0.602'
Overall 16.9 (23/136) 29.4 (37/126) 5.745 0.017
Distant intrahepatic recurrence
Solitary tumor 25.6 (20/78) 59.5 (47/79) 18.386 <0.001
Multiple tumors 55.2 (32/58) 63.8 (30/47) 0.805 0.370

Overall 38.2 (52/136)

61.1 (77/126) 13.694 <0.001

*Fisher’s exact test. NA, not available

19.3%, respectively) (P<0.001, Figure 4B).

The survival rate and LFRS rate of the patients with
tumors larger than 2.0 cm were separately assessed,
which were both higher in the CEUS group. The 3-year
survival rate and the 3-year LFRS rate were 40.6%
and 34.7% for the CEUS group (n=113), respectively,
compared with 26.9% and 18.6% for the control group
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(n=112), respectively (P=0.026 and 0.007) (Figure 5A,B).
As for tumors <2.0 cm, the patients in the CEUS group
survived longer (P=0.035), whereas there was no significant
difference in LFRS between two groups (P=0.050).

The survival of solitary and multiple liver metastatic
tumors after the first RFA treatment between two groups
was analyzed. There was no statistical difference in survival
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Figure 3 A 69-year-old man with colorectal liver metastases underwent RFA treatment in the control group. A. Enhanced MRI showed
an obvious peripheral enhanced tumor adjacent to right diaphragm; B. US demonstrated a 4.8 cm hypoechoic tumor with poor-defined
margin (1); C. US-guided percutaneous RFA for the lesion was performed. Hyperechoic area covered over the treated tumor after RFA;
D. Three month after RFA treatment, US showed heterogeneous echo of the lesion treated by RFA, which could not differentiate viability
from necrosis (1); E. Arterial phase on CEUS found a strip enhancement at the peripheral of the lesion (1); E. Delay phase on CEUS
demonstrated its wash-out, which highly suggested local recurrence (1); G. Enhanced MRI confirmed the local enhancement at the same
location on CEUS (1). After that, the liver metastasis progression could not be controlled by repeat RFA therapy and chemotherapy. The
patient died of systematic failure 21 months after first RFA therapy
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Figure 4 Comparison of survival between two groups after RFA treatment. A. Overall survival of the CEUS group was significantly higher
than the control group, P=0.002; B. The LRFS curve showed CEUS group had better survival than the control group, P<0.001
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Figure 6 Comparison of survival of patients with solitary and multiple liver metastases between two groups. A. There was no statistical

difference in survival of patients with multiple liver metastases between two groups, P=0.524; B. Survival curves of patients with solitary liver

metastases showed patients in the CEUS group had obvious longer survival than in the control group, P=0.001

rate between two groups with multiple liver metastases
(P=0.524; Figure 64). While the CEUS group (#=78)
showed a longer survival than the control group (#=79) for
solitary liver metastasis (P=0.001; Figures 6B and 7).

Complications

No side-effects correlating with the contrast media of
SonoVue had happened in the 136 patients of CEUS group.
No therapy-related deaths were found in 262 patients.
Severe complications of 2 (2/136; 1.5%) in the CEUS group

© Chinese Journal of Cancer Research. All rights reserved.

and 3 (3/126; 2.4%) in the control group were observed. In
the CEUS group, subcapsular hemorrhage in one patient
was found during the procedure with the result of stabbing
subcapsular arterial-venous shunt by electrode needles,
which was confirmed by CEUS and the hemorrhage was
stopped by immediately RFA at the bleeding site. The other
patient suffering from pancreatic cancer had high fever up
to 40.2 °C after treatment. The ablated tumor near the
right diaphragm was demonstrated with infection by US
and CT scan. The symptoms got improved after puncture
drainage in the infective area. In the control group, there
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Figure 7 A 63-year-old man with liver metastasis after colorectal cancer surgery underwent RFA in CEUS group. A. Slightly peripheral

enhancement was visualized in portal phase on enhanced CT, measuring 3.5 cm in diameter; B. A hyperechoic tumor around by halo was

demonstrated in Segment VII in the liver on US, with unclear margin; C. Range of enhancement was up to 4.0 cm in diameter in arterial

phase on CEUS (1); D. Percutaneous RFA was performed immediately after CEUS. E. No enhancement was found in the tumor 12 months

after RFA on enhanced CT; F. No viable sign was shown in the tumor 51 months after RFA on enhanced CT. The size of the tumor was

down to 2.6 cm in diameter

were two cases of biliary leakage which was alleviated by
conservative treatment and one case of needle track seeding
12 months after RFA. There was no significant difference of
incidence of complications between two groups (P=0.674).

Discussion

Imaging technique is of paramount importance in all steps
of tumor ablation (15). An excellent imaging modality is
crucial to achieve optimal therapeutic outcomes. Studies
showed that using CEUS with SonoVue as the routine
pretreatment imaging modality, there was increased
conspicuity for tiny hypovascular metastases in 12% of
53 patients than enhanced helical CT which resulted in
a significant modification of treatment strategy (15). In
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the recent literature (21), perfluorocarbon microbubbles
(Sonazoid) was used for guidance RFA therapy in patients
with HCC and liver metastases not clearly demarcated by
unenhanced US, complete tumor necrosis was achieved
by a single session of RFA in 94% patients. In the current
study, the early tumor necrosis rate was 98.2% of 219
tumors in the CEUS group, which was similar to the report
mentioned above. The issues about intrahepatic recurrence,
patient survival and the factors of tumor size and number of
two groups were discussed in detail below.

The recurrence rate of liver metastases after percutaneous
RFA reached as high as 11-42% (22,23). The tumor size and
number had been proposed as one of the most important
factors related to the complete ablation and tumor
recurrence after RFA (2). The risk of LR after percutaneous
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RFA is significantly higher when metastatic tumors are
larger than 3.0 cm in diameter (24,25). Tumor size may
be underestimated on unenhanced US for larger and
poor-defined tumors (17). It easily resulted in insufficient
ablation and early LR. One case in earlier period occurred
LR three months after percutancous RFA, which increased
technical difficulties for retreatment and hard to achieve
desired effect (Figure 3). It also had been confirmed that in
resected colorectal metastases, microscopic bile duct, portal
or hepatic vein invasion or peritumoural micrometastases
were found in 31.0-50.0%, 9-21 mm from the macroscopic
tumor edge (26-29). Our current study showed that 47.0%
(63/134) of tumors examined with CEUS increased more
than 0.3 cm in size compared with unenhanced US and
90.5% among them occurred in tumors larger than 2 cm.
Therapeutic strategies were set according to findings on
CEUS in the CEUS group and expand ablation including
0.5-1.0 cm surrounding the tumor to obtain enough safe
margin was performed for two groups. Results in our study
showed that the CEUS group had higher early tumor
necrosis rate and lower LR rate. For tumors larger than 2.0
cm, the LR rate is lower in the CEUS compared with the
control group. It was considered that CEUS can be more
accurate to identify the actual tumor size and more sensitive
to depict invasion range, especially very useful for larger
tumors treatment (Figure ).

In addition, confirmation of the tumor number before
treatment is also critical for making a reasonable treatment
plan and judging the prognosis. DIR appeared shortly
after surgical resection or RFA therapy, probably because
the tumors had already existed before treatment but failed
to be discovered for the inspection method limitation.
On the other hand, part of patients with liver metastases
after chemotherapy often showed heterogeneously hepatic
texture or fatty liver background, which would influence to
detect metastatic tumors, especially for small foci. In terms
of liver metastases, the detection sensitivity on unenhanced
US varied 53-77% (11,30,31), lower to 20% for tumors
less than 1.0 ecm (30). In a study comparing unenhanced
US in the detection of liver metastases, the average number
of confirmed metastases increased from 3.06 to 5.42,
the sensitivity for detecting liver metastases improved
from 63% to 91% on CEUS and more importantly sub-
centimeter lesions were significantly increased from 54%
to 92% of confirmed cases on CEUS (32). Early study of
ourselves had the similar result that CEUS was even better
than enhanced CT for detection of small and minute liver
metastatic lesions (33). The sensitivity was also higher to
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detect liver metastases for patients after chemotherapy on
CEUS than on unenhanced US with 82.0% and 60.3%,
respectively (34). Our study found a total of 40 additional
lesions in 25 of 136 patients on CEUS, and the smallest
one was 0.7 cm in diameter. All of the additional lesions
were ablated together with the target tumor in the CEUS
group. Follow-up results after RFA showed the DIR rates of
overall and solitary liver metastases were both lower in the
CEUS group than in the control group (P<0.001). It was
considered that more existed or potential metastases were
detected by CEUS before treatment so that we could make
optimized RFA therapeutic strategies for patients, and the
small lesions could be ablated at the same time (Figure 2).
The median OS was 27 months, and for those with fewer
than 4 tumors smaller than 5.0 cm, the median survival
was 33 months (2). Previous reports of survival following
percutaneous RFA of colorectal liver metastases varied based
on the patients’ selection. Solbiati, ez /. (35) reported a
median survival duration of 36 months with 3-year survival
rate of 46% in 117 colorectal liver metastases patients with
4 or less tumors (mean, 1.5 tumors) of 0.7-9.6 cm (mean, 3.2
cm) in diameter. Gillams and Lees (2) reported a median
survival of 36 months with 3-year survival of 49% and 5-year
survival of 24 % from ablation in 123 patients with 5 or
less tumors of 5.0 cm or less maximum diameter. Meloni,
et al. (3) reported survival of 52 patients with breast cancer
liver metastases after percutaneous RFA, including 5 or less
tumors (mean 1.7 tumors) of 5.0 cm or less largest diameter
(mean, 2.5 c¢cm), with a result of a median survival time of
29.9 months and 3, 5-year survival rates of 43.0%, 27.0%,
respectively. In the current study, the median survival
duration of 38.0 months and the 3-year OS of 50.1% were
slightly higher than those mentioned above and significantly
higher than the control group of 20.0 months and 25.3%,
respectively. The 3-year LRFS rate of 38.3% for the
CEUS group was also higher than 19.3% for the control
group. Although there were studies (35) showed that no
significant correlations were found between survival and
liver metastatic tumor number and size with percutaneous
RFA treatment, our results demonstrated that patients with
tumor larger than 2.0 cm or with single tumor in the CEUS
group survived longer than those in the control group
(P=0.026 and 0.001). However, there was no significant
difference of survival for the multiple liver metastases
between two groups. CEUS before RFA provided more
valuable information for RFA treatment to improve early
tumor necrosis and tumor relapse so that patients survival

could be prolonged (Figure 7).
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The limitations of this study were as follows: (I) Multiple
primary sites were included in this study. Different biologic
characteristics of primary tumors may influence survival.
However, there was no significant difference of primary sites
between two groups, and the results of two groups could be
comparative. (II) A period effect might be possible because
the CEUS group was compared with a historical control
group. The control group without CEUS examination was
selected from patients with liver metastases treated by RFA
before April 2004, while the CEUS group was selected since
SonoVue started to be used in our department in May 2004.
But all patients underwent the same standard treatment
protocols with the same three operators and there was no
significant difference in the clinical background of two
groups. (III) Because of the complicated condition in clinical
practice, we just analyzed the factors of liver metastatic
tumor size and number for the therapeutic outcomes after
the first RFA. Other therapeutic methods of chemotherapy
and transcatheter arterial chemoembolization (TACE)
before and after RFA were not analyzed in this study. The
general efficacy of a combination of a variety of treatment
modalities for liver metastases need further study.
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