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Abstract: Objective: The aim of the study was to assess the role of contrast-enhanced ultrasound (CEUS) in treat-
ment response evaluation after percutaneous bipolar radiofrequency ablation (BRFA) for liver tumors. Methods: 
From May 2012 to May 2014, 39 patients with 73 tumors were treated by BRFA. One month after the treatment, 
CEUS and CEMRI/CECT were conducted to evaluate the treatment response. The results of CEUS were compared 
with CEMRI/CECT. Results: Of the 73 tumors ablated, eight (11.0%) were found to have residual viable tumor tissue 
and 65 (89.0%) were successfully ablated based on CEMRI/CECT within 1-month after ablation. CEUS detected 
seven of the eight residual tumors and 63 of 65 completely ablated tumors. The sensitivity, specificity, positive 
predictive value, negative predictive value and accuracy of CEUS were 87.5% (7/8), 96.9% (63/65), 77.8% (7/9), 
98.4% (63/64) and 95.9% (70/73), respectively. The complete ablation (CR) rates for the tumors ≤3.0 cm, 3.1-5.0 
cm, and >5.0 cm were 96.6% (58/60), 63.6% (7/11), and 0% (0/2), respectively (P<0.001). CR rates were 94.7% 
(36/38) for primary liver tumors and 82.9% (29/35) for metastatic liver tumors (P=0.212), and were 97.4% (38/39) 
for the tumors with curative treatment intention and 79.4% (27/34) for those with palliative treatment intention 
(P=0.037). Major complication was not encountered in this series. Conclusions: BRFA is an effective technique of 
percutaneous ablation for liver tumors and CEUS can be used to assess its therapeutic effect accurately.
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Introduction

Radiofrequency ablation (RFA) has been widely 
used for the treatment of liver tumors and its 
efficacy and safety has already been accepted 
as one of optimal methods [1-5]. Especially for 
small hepatocellular carcinoma, RFA has a 
comparable treatment outcome with surgical 
resection [6]. The tumor response is an impor-
tant prognostic factor for patients after RFA. 
Contrast-enhanced magnetic resonance imag-
ing (CEMRI) and contrast-enhanced computed 
tomography (CECT) were routinely regarded as 
the reference standard in the evaluation of 
tumor response. Contrast-enhanced ultra-
sound (CEUS) had also been proven to be use-

ful in evaluating the posttreatment efficacy of 
RFA [7-10]. 

Bipolar radiofrequency ablation (BRFA) is a 
novel technique that has more advantages than 
conventionally used monopolar RFA (MRFA) sys-
tem. It has been confirmed that BRFA had bet-
ter applicability and fewer side effects than 
MRFA system [5, 11, 12]. Moreover, results of 
ex vivo experimental studies have shown that 
BRFA can achieve larger ablation volumes than 
MRFA system [13]. However, the actual ablation 
size in patients with liver cancer is not available 
and few studies have assessed the therapeutic 
effect of BRFA using CEUS and the ablation vol-
ume. The purpose of our study was to test the 
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Written informed consent from all the patients 
was obtained before the study.

Table 1 summarized the data of the baseline 
characteristics of the 39 patients with 73 
tumors treated in the study (19 patients had 
one tumor, 10 had two, six had three, four had 
four). The patients consisted of 29 men and 10 
women and the mean age of them was (59.9 ± 
6.7) years. 23 patients had primary liver can-
cers and 16 patients had metastatic liver can-
cers (11 from the colon-rectum cancer, three 
from the duodenum cancer, and three from 
breast cancer).   

Equipments and methods

A BRFA system (Celon AG Medical Instruments, 
Teltow, Germany) was used for all the ablation 
procedures in this study. The electrodes were 
operated by a power control unit working at 470 
kHz and providing a maximum output power of 
250 W (CelonLabPower; Celon AG). It is 
designed as a bipolar unit that does not require 
the use of grounding pads. The conducting part 
of the applicators is 20, 30 or 40 mm length, 
including both the insulator and the tip. In bipo-
lar mode, the high-frequency current flows 
between the two electrodes at the tip of the 
bipolar electrode and then heats up the tissue 
surrounding the electrodes. An internal liquid 
circulation of the applicator enables increase of 
the coagulation efficiency and avoids burn of 
abdominal wall. The delivery rate of the internal 
liquid circulation is set to 30 ml/min using 
saline solution at room temperature. The liquid 
flow is driven by a triple peristaltic pump, which 
is part of the system. The unit controls up to 
three bipolar electrodes where the actual num-
ber could be individually adapted to the clinical 
situation between one and three. With one con-
nected bipolar electrode, the unit is in bipolar 
operating mode, in which the device provides 
an acoustic output of the coagulation status. If 
the resistance increases beyond a specific limit 
value power (700 Ω), the energy delivery will 
stop automatically. A 15 or 20-cm-long, 15.5-
gauge bipolar radiofrequency electrode with a 
radial array of 2-4 cm was used. Radiofrequency 
energy was delivered at 20-250 W until tissue 
impedance increased enough to prevent flow of 
current.

Patients with supine decubitus position were 
given a systemic anesthesia by administration 

Table 1. Baseline characteristics of study 
patients
Characteristics Number of patients
M/F ratio 29/10
Age (yrs) 59.9 ± 6.7
HbsAg (+):HbsAg (-) 17:22
Cirrhosis (+):Cirrhosis (-) 13:26
α-fetoprotein level
    ≤20 ng/ml 20
    >20 ng/ml 19
Liver cirrhosis
    Child A 39
    Child B 0
Number of tumors
    Single 19
    Two/Three/Four 10/6/4
Size of tumors
    <3 cm 60
    3-5 cm 11
    >5 cm 2
Source of lesions
    Primary 23
    Metastasis 16
Treatment intention
    Curative treatment 25
    Palliative treatment 14

usefulness of CEUS in the posttreatment evalu-
ation in comparison with CEMRI/CECT.

Materials and methods

Patients

Between May 2012 and May 2014, 39 consec-
utive patients with 73 liver tumors were referred 
to our institution for ultrasound (US)-guided 
percutaneous BRFA therapy. The inclusion cri-
teria were: (1) single tumor no greater than 7cm 
in diameter; (2) multiple tumors no more than 
5; (3) absence of portal venous thrombosis or 
extrahepatic metastases; (4) liver cirrhosis 
classified as Child-Pugh class A or B; and (5) 
prothrombin time ratio greater than 50% and 
platelet count greater than 60 000/mm3 (60 × 
109/L). Exclusion criteria were advanced liver 
disease (i.e. Child-Pugh class C), any contraindi-
cation for percutaneous ablation (severe asci-
tes, platelet count below 50 000/mm3 or 50 × 
109/L, or prothrombin activity <50%). In addi-
tion, the patients who were pregnant and had 
serious heart problems were also excluded. 
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Figure 1. A 50-year old woman with liver metastasis cancer resulted from breast with complete response (CR) to 
bipolar radiofrequency ablation (BRFA). A. Arterial-phase contrast-enhanced ultrasound (CEUS) before BRFA shows 
a hyperenhanced tumor (arrow); B. Contrast-enhanced magnetic resonance imaging (CEMRI) shows peripheral 
enhancement of the tumor in the arterial phase (arrow) before BRFA; C. CEUS after BRFA: the tumor shows non-
enhancement (arrow) in the arterial phase; D. CEMRI also shows non-enhancement (arrow) in the arterial phase. 

of 0.1-0.15 mg/kg midazolam, 8-30 μg/kg suf-
entanil citrate, 0.1-0.4 mg/kg cisatracurium 
besilate via peripheral vein. A LogiQ E9 US 

machine (GE Medical Systems, Milwaukee, WI, 
USA) with a 1-5 MHz curvilinear transducer was 
used for guidance of RFA. On the basis of loca-
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Figure 2. A 66-year old female with liver metastasis cancer resulted from breast with incomplete response (ICR) 
to BRFA. A. CEMRI shows peripheral enhancement (arrow) of the tumor in the arterial phase before BRFA; B. One 
month after BRFA, CEUS arterial phase at 18s after contrast administration shows a nodular enhancement (arrow) 
at the lateral margin of the ablated area; C. One week after BRFA, CEMRI arterial phase shows a nodular enhance-
ment (arrow); D. Two months after BRFA, CEMRI arterial phase shows peripheral enhancement (arrow).

tion of the targeted tumors, US was performed 
to scan the liver and to select an optimal punc-
ture path. Then the RFA electrode was intro-

duced into the target tumor through an inter-
costal or a subcostal approach under US 
guidance. For tumors smaller than 2 cm, one 
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Table 2. Complete response rate in terms of treatment 
intention, type of the tumor and tumor size
Features Complete response rate P value
Treatment intention 0.037
    Curative treatment 97.4% (38/39)
    Palliative treatment 79.4% (27/34)
Type of the tumor 0.212
    Primary liver cancer 94.7% (36/38)
    Metastatic liver cancer 82.9% (29/35)
Size <0.001
    ≤3.0 cm 96.7% (58/60)
    3.1-5.0 cm 63.6% (7/11)
    >5.0 cm 0% (0/2)

Table 3. The usefulness of CEUS in evaluating the 
treatment response in comparison with CEMRI/CECT
CEMRI or CECT within one month CEUS within one month
CR (n=65) 63
ICR (n=8) 7
Sensitivity (%) 87.5% (7/8)
Specificity (%) 96.9% (63/65)
PPV (%) 77.8% (7/9)
NPV (%) 98.4% (63/64)
DA (%) 95.9% (70/73)
CR, complete response; ICR, incomplete response; PPV, positive 
predictive value; NPV, Negative predictive value; DA, diagnostic 
accuracy.

bipolar electrode (T30 or T40) or two T30 elec-
trodes were usually applied. For tumors sized 
between 2 cm and 3 cm, two bipolar electrodes 
(T30 or T40) were parallelly inserted into the 
tumor with an inter-electrode distance of 1.5 to 
2.0 cm. For tumors sized between 3 cm and 5 
cm, three T40 electrodes were usually used in 
triangle with a 3.0 cm maximal distance from 
each other. If the tumors exceed 5 cm, three 
T40 electrodes were simultaneously applied in 
such a way that the triangular 3.0 cm equilat-
eral conformation was achieved. Hyperechoic 
gas appeared during the ablation procedure 
and finally covered the tumor completely. When 
the BRFA system showed that the target energy 
was achieved or the impedance was over 250 
Ω, the operation was stopped.

Treatment response evaluation

Within 1 month after the treatment, CEUS was 
performed to evaluate the treatment response. 
The CEUS examination was performed by two 

skilled radiologists who had more than 5 
years’ experience in CEUS and were 
unaware of clinical and other imaging 
information of the patients. Sonovue 
(Bracco, Milan, Italy) was used as contrast 
agent and was administrated as a bolus 
injection at a dose of 1.5 ml through the 
antecubital vein, then followed by a flush 
of 5 ml normal saline. Contrast-specific 
mode was used and the mechanic index 
was set to be less than 0.2 to avoid disrup-
tion of microbubbles. Lesions were 
observed continuously for 6 min to regis-
ter the enhancement in the arterial (10-30 
s), portal (31-120 s), and late phases (121-
360 s). 

Reference standard

CEMRI/CECT within 1 month were used as 
the reference standard. Magnetic reso-
nance imaging was performed with a 3.0-
Tesla whole-body magnetic resonance 
imager (Verio3.0T, Siemens Medical 
Systems, Berlin, German). A dynamic 
breath-hold gadolinium-enhanced, three-
dimensional gradient echo T1-weighted 
pulse sequence was performed with imag-
ing in the arterial, portal venous, and delay 
phases. The CT images were obtained 
using a spiral scanner (Light Speed VCT, 
GE Medical Systems, Milwaukee, WI, USA) 

before and after injection of intravenous non-
ionic contrast in the hepatic arterial, portal 
venous and late phases of enhancement. 

Image analysis

Complete response (CR) was defined as the 
absence of enhancement within the tumor, 
which reflects complete tissue necrosis. 
Residual or incomplete response (ICR) was 
defined as the persistence of contrast enhance-
ment within the tumor area after treatment. 

Statistical analysis

Quantitative data were expressed as mean ± 
standard deviation. Sensitivity, specificity, posi-
tive predictive value (PPV), negative predictive 
value (NPV), and diagnostic accuracy of CEUS 
for detection of residual tumor after ablation 
were calculated. The qualitative data were 
compared with chi-square statistics. If there 
were cells that had less than 5 observations, 
Fisher’s exact probability test was used. All P 
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Table 4. Tumor size before BRFA and size of the ablation zone after 
BRFA (all tumors with complete response) 
Tumor size Mean ± standard deviation (range)
≤3 cm Tumor Size before BRFA

    maximum diameter (cm) 1.8 ± 0.5 (0.8-2.8)
    minimum diameter (cm) 1.4 ± 0.4 (0.6-2.5)
Ablation zone after BRFA
    maximum diameter (cm) 3.2 ± 0.8 (1.8-5.0)
    minimum diameter (cm) 2.4 ± 0.6 (1.3-3.9)

3.1-5.0 cm Tumor size before BRFA
    maximum diameter (cm) 3.8 ± 0.2 (3.5-4.2)
    minimum diameter (cm) 2.8 ± 0.4 (2.1-3.3)
Ablation zone after BRFA
    maximum diameter (cm) 4.6 ± 1.2 (3.6-6.9)
    minimum diameter (cm) 3.7 ± 1.0 (3.0-5.9)

values were derived from two-tailed tests, and 
a level of less than 0.05 was accepted as sta-
tistically significant. Statistical analysis soft-
ware (version 16.0; SPSS, Chicago, III, USA) 
was used for the analysis. 

Results

According to the results of CEMRI or CECT with-
in 1 month, CR (Figure 1) was obtained in 
65/73 (89.0%) nodules while in the remaining 
eight nodules (11.0%) the presence of residual 
contrast uptake qualified them as ICR (Figure 
2). Table 2 summarized the CR rates on the 
basis of treatment intention, type of the tumor 
and tumor size. Comparison between the 
1-month CEMRI/CECT and CEUS studies was 
shown in Table 3.

No treatment-related death appeared. Some 
minor complications (pain, most of the patients; 
fever ≥38.5°C, two patients; asymptomatic 
pleural effusion, 15 patients) were observed 
after the treatment.    

CEUS identified seven of eight positive tumors 
with a sensitivity of 87.5 % (7/8); all tumors had 
concurrent MRI. Among the 65 successfully 
ablated tumors, CEUS showed CR in 63 with a 
specificity of 97.0% (63/65); 52 tumors had 
concurrent MRI and 11 had concurrent CT. 

The overall accuracy of CEUS was 95.9% 
(70/73), as shown in Table 2. One false nega-
tive result was obtained by 1-month CEUS in a 
tumor located in segment 6. This tumor was a 
metastatic liver carcinoma from the colon and 

sized 3.2 cm in diameter. 
The two false positive 
tumors were located in seg-
ment 8 that were obscured 
by the pulmonary air.

In addition, Table 4 showed 
the tumor size before BRFA 
treatment and the size of the 
ablation zone after BRFA 
treatment in the tumors with 
complete response. For 8 
tumors using one T30 elec-
trode, the maximum diame-
ter of the ablation zone after 
RFA 1-month was 2.6 ± 1.0 
cm (range, 1.4-4.2 cm) 
whereas the minimum diam-
eter was 2.1 ± 0.7 cm (range, 

1.1-3.1 cm), according to the results of CEUS. 
For 6 tumors using one T40 electrode, the max-
imum diameter after RFA 1-month were 3.4 ± 
0.8 cm (range, 2.3-4.1 cm) whereas the mini-
mum diameter was 2.7 ± 0.9 cm (range, 1.7-3.8 
cm). Regarding 29 tumors using two T30 elec-
trodes, the maximum diameter and the mini-
mum diameter were 3.3 ± 0.8 cm (range, 2.0-
5.0 cm) and 2.4 ± 0.7 cm (range, 1.4-3.9 cm) 
respectively. For 8 tumors using two T40 elec-
trodes, the maximum diameter and the mini-
mum diameter were 4.5 ± 0.6 cm (range, 3.7-
5.2 cm) and 2.8 ± 0.8 cm (range, 1.7-4.0 cm) 
respectively. As to 6 tumors using three T40 
electrodes, the maximum diameter and the 
minimum diameter were 5.1 ± 0.5 cm (range, 
4.3-6.0 cm) and 3.6 ± 1.0 cm (range, 2.0-5.0 
cm) respectively.

Discussion

RFA is a commonly used minimally invasive 
method for the treatment of liver cancer [14, 
15]. It consists of both MRFA and BRFA [15]. 
BRFA system has two active electrodes so it 
can eliminate the need for a grounding pad and 
the danger of skin burns, thus fewer complica-
tions will be encountered. In the present study, 
no major complications (death, hemorrhage, 
intestinal perforation, bile duct and diaphragm 
injury, etc.) appeared, in consistent with the 
previous report using BRFA [5]. In comparison 
with conventional MRFA procedures, in which 
the complication rate was about 10% and mor-
tality was 1.4%, BRFA looks like a safer modal-
ity [16]. The safety of BRFA can be ascribed to 
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the following factors. The first is that the con-
figuration of the BRFA electrode is straight and 
no multiple-prong design is applied. Therefore, 
the unexpected damage to adjacent critical 
structures, like colon, gallbladder, bile duct, 
heart, and so on, by the extended prongs is 
avoided. The second is that for large tumors, 
fewer insertions are needed because by using 
a combination of multiple BRFA electrodes 
insertion a larger coagulation volume can be 
achieved. In addition, the ablation time also 
can be greatly decreased thus the complication 
associated with long ablation time such as 
bleeding can be minimized. Finally, no need of 
the electrical pads also reduces the risk of skin 
burn.

In our study, the CR rate was 89.0%. The CR 
rate for the tumors with a curative treatment 
intention (94.7%) was remarkably higher than 
for those with a palliative treatment intention 
(82.9%), thus the treatment intention was asso-
ciated the effectiveness of BRFA. For the 
patients with curative treatment intention, the 
purpose of the treatment is to eradicate the 
tumor and to avoid local tumor recurrence after 
treatment, thus great efforts should be taken 
to ablate the tumor completely even if the 
tumors are in difficult locations. On the other 
hand, the purpose of the treatment for those 
with palliative intention is to reduce the tumor 
burden and to alleviate the patient’s symptom. 
Those patients always had large tumors or 
tumors adjacent to critical structures, and 
always had a worse liver function. To treat such 
patients, careful consideration should be taken 
to avoid possible complications, whereas the 
local treatment efficacy is the secondary pur-
pose. On the other hand, the CR rates were 
94.7% and 82.9% for primary and metastatic 
liver cancer respectively. It showed that the 
therapeutic effect of BRFA for primary liver can-
cer was slightly better than that for metastatic 
liver cancer, although the difference was not 
statistically significant. The primary liver cancer 
such as hepatocellular carcinoma (HCC) always 
has a capsule so that the tumor is well-defined 
whereas metastatic liver cancer is always ill-
defined and infiltrated, therefore, more efforts 
is needed for the ablation of metastatic liver 
cancer. A so-called “oven effect” is also hap-
pened in HCC whereas not in metastatic liver 
cancer. It is said that the “oven effect” could 
result in more homogeneous heat distribution 

within the tumor, which in turn avoids residual 
tumor. This phenomenon also indicates that for 
metastatic liver cancer an extensive ablation is 
mandatory if the treatment purpose is curative. 
Moreover, the CR rate in tumor ≤3.0 cm (96.7%) 
was prominently higher than that in tumor 3.1-
5.0 cm (63.6%) and >5.0 cm (0%). These results 
illustrated that tumor size is also a key factor 
for complete response.

In the present study, using three T40 electrodes 
insertion simultaneously, the maximum size of 
the ablation volume was up to 6.8 × 6.0 × 5.8 
cm. The output power used was 120 W and the 
distance among the electrodes was about 3 
cm. This result was similar to previous study 
using BRFA [13], which also indicated that 
simultaneous application of multiple electrodes 
could create large coagulation volume with 
fewer insertions and less time as compared 
with conventional MRFA method.

The evaluation of therapeutic effect is very 
important for the management of patients. 
CECT or CEMRI usually acts as the reference 
standard for the post-treatment evaluation. Our 
study used CEUS to assess the treatment 
response and compared it with CEMRI/CECT 
one month after RFA. CEUS has already been 
used for assessing the treatment response 
with high sensitivity, specificity and accuracy 
[9, 17-19]. In the current study, CEUS showed 
sensitivity of 87.5%, specificity of 96.9% and 
accuracy of 95.9%. CEUS has similar ability as 
compared with CEMRI/CECT. In previous stud-
ies, CEUS within 1-month after RFA had the 
sensitivity of 86.9%-97.0%, specificity of 96.6%-
100%, and accuracy of 92%-95.1% [17, 18, 
20]. Our results were consistent with those 
studies. 

The present study had some limitations. Firstly, 
the case number was small so that further 
study with large case series was mandatory. 
Secondly, the number of tumors greater than 
5cm was small, thus the real ability of BRFA for 
medium or large tumors were still unknown and 
should be verified in future study. Thirdly, long-
term follow-up for the patients undergoing 
BRFA was not available thus the outcome was 
not available at the current stage.

In summary, BRFA is an effective technique of 
percutaneous ablation for liver cancers and 
CEUS can be used to assess its therapeutic 
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effect accurately. However, future studies are 
needed to evaluate its usefulness regarding 
medium and large tumors, and long term out-
come should also be evaluated.
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