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A b s t r a c t

Introduction: Radiofrequency ablation (RFA) is one of the best curative treatments for hepatocellular carcinoma in 
selected patients, and this procedure can be applied either percutaneously or laparoscopically. Laparoscopic RFA 
has the benefit of direct visual control of the RFA procedure. Cluster electrodes (Octopus RF electrodes) can create  
a common ablation zone. 
Aim: Using these two methods (laparoscopic approach and no touch technique), this present study evaluated the 
technical and clinical outcomes of early experience with laparoscopic RFA and a no-touch technique.
Material and methods: Between November 2015 and November 2018, 21 patients underwent laparoscopic RFA for 
hepatocellular carcinoma with a no-touch technique using cluster electrodes. Laparoscopic RFA is recommended for 
patients with a contraindication for surgical resection, patients wants and a relative contraindication for convention-
al percutaneous RFA, such as lesions adjacent to the gastrointestinal tract, gallbladder, bile duct, or heart.
Results: In the 21 tumors, 2 were treated with a single electrode, 12 with 2 electrodes, and 7 tumors with 3 electrodes. 
The mean time of ablation per lesion was 20.43 ±8.77 min. There was no mortality, local tumor progression, delayed 
destructive biliary damage, or liver abscess at the follow-up computed tomography. No technical failures occurred.
Conclusions: Laparoscopic RFA can access lesions for which percutaneous RFA is contraindicated or risky. Cluster 
electrodes can create sufficient ablation zones without contact and can achieve a sufficient margin with a low com-
plication rate and no tumor dissemination. Therefore, laparoscopic RFA with a no-touch technique might be a safe 
and feasible treatment for HCC tumor in selected patients.

Key words: hepatocellular carcinoma,·radiofrequency ablation, laparoscopic radiofrequency ablation, cluster elec-
trodes.

Oncology

Introduction 

Hepatocellular carcinoma (HCC) is one of the 
most frequent primary hepatic malignancies [1–4]. 
Liver transplantation is an optimal therapy for many 

early diagnosed HCC, but it is limited by the avail-
ability of organs. Resection is often contraindicated 
due to limited liver function. Hence, several alterna-
tive non-surgical treatments to potentially cure HCC 
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have been developed. Since the early 1990s, there 
have been reported results about thermal ablation by 
radiofrequency (RF) in several alternative treatments 
[5–7]. In addition, because of many technical advanc-
es, radiofrequency ablation (RFA) can be applied per-
cutaneously, laparoscopically, or during open surgery.

In 1997, Curley et al. performed a feasibility 
study of laparoscopic RFA on pigs [8], and favorable 
results were subsequently achieved in preliminary 
clinical experience [9–11]. In several studies, the 
laparoscopic approach yielded a significantly lower 
rate of local recurrence compared to the percutane-
ous approach [12, 13]. The laparoscopic approach 
has the benefits of direct visual control of the RFA 
procedure, exposure and isolation of the liver from 
the surrounding tissue, and effective management 
of intraoperative bleeding [14].

Many hospitals continue to use conventional RFA 
devices, which employ a single-needle electrode that 
delivers an electrical current at 400–500 kHz, to cre-
ate a core zone of ablation at the tumor site that 
extends radially into the adjacent tissue. The sin-
gle-needle tip electrode can reach target tempera-
tures of over 100°C, but is prone to rapid charring, 
thereby increasing tissue impedance, which limits 
thermal energy distribution.

In this study, RF procedures were performed 
using separable cluster RF electrodes (Octopus, 
STARmed; Goyang-si, Gyunggi-do, Republic of Ko-
rea), a multi-channel switching radiofrequency sys-
tem (STARmed), and an RF generator. Because the 
separable cluster electrode consists of one adapter 
and three active applicators which can be separat-
ed into three independent applicators, it can create  
a sufficient large ablative volume including the tu-
mor and a safety margin with no-touch technique. 

Aim 

Through these two methods, this study evaluat-
ed the technical and clinical outcomes of early expe-
rience of laparoscopic RFA with no-touch technique. 
To our knowledge, this study is the first attempt to 
assess early experience with laparoscopic RFA and  
a no-touch technique with switching monopolar RFA 
using a separable cluster electrode.

Material and methods

Between November 2015 and November 2018, 
21 patients underwent laparoscopic RFA for HCC 

with a no-touch technique. All patients reported 
their personal hospital history and underwent phys-
ical examination, retrospectively; screening for hep-
atitis B and hepatitis C; and serum laboratory tests 
assessing liver function, hemostasis, renal function, 
and determination of serum a-fetoprotein level 
(AFP). Abdominal computed tomography (CT) and 
magnetic resonance imaging (MRI) were used to as-
sess local tumor extension.

The indications for laparoscopic RFA are similar 
to those for conventional percutaneous RFA: three 
or fewer tumors measuring < 3 cm in diameter or 
a solitary tumor with a major axis < 5 cm. Laparo-
scopic RFA is highly recommended for patients with 
a contraindication for surgical resection, patients 
wants and a relative contraindication for conven-
tional percutaneous RFA, such as lesions adjacent 
to the gastrointestinal tract, gallbladder, bile duct, or 
heart [15]. Contraindications specific to laparoscopic 
RFA are the same as those for generic laparoscopy 
and include previous abdominal surgery, cardiopul-
monary disorders, and severe obesity.

Laparoscopic RFA procedure

All patients were placed in a supine position af-
ter induction of general anesthesia. After pneumo-
peritoneum (CO2 at 12 mm Hg) was achieved, ex-
ploration was performed with a flexible laparoscope 
through a 12 mm umbilical port. Another 10 mm 
port was created at the midline or the subxiphoid 
in the abdomen. One additional 5 mm right or left 
lateral subcostal port was placed, depending on 
the location of the tumor. The liver was laparoscop-
ically fully mobilized from the retroperitoneum and 
diaphragm to access the tumor-bearing segments. 
In the case of the gallbladder, if the tumor was at-
tached to the gallbladder, RFA was performed after 
cholecystectomy. For intestinal adhesions, RFA was 
performed safely by separating it from liver tissue 
through laparoscopic dissection. The ability to drive 
the liver in various directions is also important 
to provide broad access for electrode placement. 
Through US guidance, the electrode were inserted 
at the periphery of the tumor with laparoscopic vi-
sualization. During the operation, the location of 
the tumor was confirmed through laparoscopic US, 
and it was possible to apply it to the tumor inside 
the parenchyma of the liver. The RFA procedure 
was monitored by intraoperative US. The separa-
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ble cluster electrode and a multi-channel switching 
radiofrequency system (STARmed) were used. The 
Octopus electrode is composed of three, cooled tip 
electrodes with a 2  cm, 2.5  cm, and 3  cm active 
tip which has a 50-cm-long, flexible cable. A spe-
cial adapter connects the three cable to one piece. 
The distance of each electrode was determined by 
the operator based on the size of the tumor. After 
placing the separable electrode, the radiofrequency 
energy was delivered for approximately 8–12 min 
until the color of the tumor and adjacent hepatic 
tissue turned to yellow. If the ablative margin was 
not sufficient, radiofrequency energy was addition-
ally delivered after repositioning the electrodes to 
a different site. A 200-watt, multichannel, radiof-
requency system with three independently adjust-
able generators allowed independent control of 
radiofrequency energy delivery to each electrode. 
For tissue heating, the radiofrequency energy was 
applied to two of the three electrodes; the radiof-
requency energy was delivered in an alternating 
fashion to the three possible pairs of electrodes of 
the separable electrode. The switching of energy 
delivery between the pairs of electrodes was auto-
matically controlled by the multi-channel switching 
radiofrequency system according to the continu-
ously measured impedance values. The algorithm 
of energy delivery was based on the manufacturer’s 
instructions. During ablation, continuous irrigation 
of the needle with cold saline was provided with 
an external pump. Because the Octopus RF elec-
trodes can produce ablation zones of 4.5 cm with a 
single placement of electrodes, 1, 2 or 3 electrodes 
around the tumor can create a common ablation 
zone. Using this method, we could ablate tumors 
without contact (Photo 1).

Postoperative imaging and follow-up

The follow-up study after RFA was conducted 
according to our hospital regimen. Ultrasound (con-
trast enhanced, if needed) examination, computed 
tomography, and measurement of a-fetoprotein lev-
el were performed every 3 months. Magnetic reso-
nance imaging (MRI) was performed when needed. 

Ethics

The study was approved by the Ethical Review 
Board of the general surgery committee at the hos-
pital.

Statistical analysis

Statistical analysis was performed using STATA 
version 14.0 (Stata Corp LP, College Station, TX, USA). 

Results

The characteristics of patients undergoing RFA 
are shown in Table I. From November 2015 to No-
vember 2018, 21 patients were treated with lap-
aroscopic RFA with a no-touch technique. Of the  
21 patients, 14 were male and 7 female. The mean 
diameter of the 21 HCCs was 20.43 ±8.77 mm.

Tumor characteristics and the results of RFA are 
shown Table II. There was no technical failure. In the 
21 tumors, 2 were treated with a single electrode,  
12 with 2 electrodes, and 7 tumors with 3 electrodes. 
The mean time of ablation per lesion was 16.52 
±6.29 min. Seventeen tumors were located in the liv-
er dome, 2 tumors were located in the right anterior 
portion, 1 tumor was located in the right posterior 
portion and 1 tumor was located in the caudate lobe.

There were 2 complications (ascites and pleural 
effusion) related to ablation. According to the Din-
do-Clavien classification, the complication was mi-
nor (grade I). No patients developed perioperative 
neoplastic seeding, liver abscess, gastrointestinal 
perforation, gastrointestinal bleeding, or inferior 
vena cava thrombosis. Three or 6 months later, there 
was no mortality, local tumor progression, delayed 
destructive biliary damage, or liver abscess at the 
follow-up CT.

Discussion

Liver transplantation or resection is the optimal 
therapy for early diagnosed HCC, but there are sever-
al limitations. Therefore, several alternative non-sur-
gical treatments to potentially cure HCC have been 
developed. Over several decades, RFA has become 
a good treatment method for HCC with resection. 
Shiina et al. [16] reported that RFA could be a local-
ly feasible and safe procedure based on the 10-year 
outcomes of RFA in patients with HCC.

Conventional RFA is a relatively easy procedure 
and does not require surgery. However, because of 
the potential for thermal injury, a tumor adjacent 
to organs is not readily accessible. During the RFA 
procedure, the incidence of organ injury varies from 
0.5% to 0.7% in the literature [17]. Although the in-
cidence of organ injury is not frequent, most compli-
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cations are fatal even if the patients are diagnosed 
early and adequately treated. Additionally, conven-
tional RFA directly contacts the tumor. Therefore, 
during RFA or electrode removal, tumor seeding can 
occur, especially with surface lesions.

The advantages of the laparoscopic approach in-
clude the ability to see and control the entire proce-
dure, to separate the liver from the surrounding tis-
sue, and to control intraoperative complications [14]. 
RFA of an HCC on the superior or inferior surface of 
the liver can relatively easily result in injury of the 
adjacent abdominal wall or adjacent organ, with the 

possibility of major complications and tumor seeding 
[18–20]. Therefore, the laparoscopic approach is fre-
quently recommended in superficial or extrahepatic 
protrusive HCC and HCC adjacent to a major organ 
including the heart [21, 22]. In this study, 17 tumors 
were located in the liver dome, 2 tumors were locat-
ed in the right anterior portion, 1 tumor was located 
in the right posterior portion and 1 tumor was lo-
cated in the caudate lobe. Most of the tumors were 
expected to be difficult to access with conventional 
RFA. However, during laparoscopic RFA, we observed 
the whole procedure, and no organ injury occurred.

Photo 1. Laparoscopic radiofrequency ablation for hepatocellular carcinoma. A – Pre-therapeutic CT: 30 mm 
HCC at S4/8, B – post-therapeutic CT, C – 1st RFA, D – 2nd RFA, E – 3rd RFA, F – final features after RFA
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With laparoscopic RFA, simultaneous procedures 
such as a cholecystectomy and unroofing of a he-
patic cyst can be performed. In this study, 2 patients 
underwent simultaneous cholecystectomy. During 
laparoscopic RFA, intraoperative US is used routine-
ly and can increase correct RF electrode placement, 
achieve a sufficient margin and evaluate the effica-
cy of ablation [23–25]. Additionally, the laparoscopic 
approach using pneumoperitoneum has an advan-
tage over the conventional RFA because portal blood 
flow is reduced by about 40%, allowing for better 
thermal conduction, which contributes to better ab-
lation efficacy [26].

With all of the above-mentioned advantages, no 
specific complication was observed in this study. 
Safety is one of the most important issues in min-
imally invasive therapies such as laparoscopic RFA. 
Complications after laparoscopic RFA include liver 
failure, bile duct thermal injury, liver abscess, trocar 
injury, postoperative bleeding from the mesentery, 
and gastrointestinal bleeding. Complications specif-
ic to laparoscopic RFA are pneumonia, pneumotho-
rax, trocar injury, and postoperative bleeding from 
the mesentery or abdominal wall. In this study of 
HCC patients who underwent laparoscopic RFA, only 

Table I. Baseline characteristics of patients un-
dergoing RF ablation

Variable Value

Age, mean ± SD 59.6 ±7.2

Gender (M/F) 14/7

Liver cirrhosis:

HBV 16

HCV 1

Alcoholic 0

None 4

Albumin, mean ± SD [g/dl] 4.08 ±0.67

Prothrombin time, mean ± SD [s] 12.90 ±1.80

Total bilirubin, mean ± SD [mg/dl] 1.10 ±0.62

Platelets, mean ± SD [× 103/mm3] 130.05k ±75.10

AST, mean ± SD [IU/l] 32.62 ±14.51

ALT, mean ± SD [IU/l] 26.10 ±16.69

Child Pugh class (A : B : C) 19 : 2 : 0

ALT – alanine transaminase, AST – aspartate amino transferase, HBV – hep-
atitis B virus, HCV – hepatitis C virus, RF – radiofrequency.
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2 patients had a complication (ascites and pleural 
effusion) after RFA. According to the Dindo-Clavien 
classification, the complication was minor (grade I) 
(Table II) and did not require any pharmacological 
treatment or surgical and radiological interventions.

Conventional laparoscopic RFA was performed 
by direct application to the tumor. Therefore, during 
the RFA procedure or after removal of the electrode 
after RFA, tumor dissemination can occur, especially 
with superficial tumors. The local recurrence rate of 
laparoscopic RFA varies from 0 to 12% [27–34]. The 
risk of local recurrence increases with an increase in 
HCC size, but the local recurrence rate differs mark-
edly if a circumferential 5-mm safety margin can be 
secured. In this study, the RFA cluster electrodes can 
produce ablation zones of 4.5 cm with a single elec-
trode, and 2 or 3 switching electrodes around the 
tumor can create a common ablation zone (Photo 1).  
Using this cluster electrode, the RF needle can be 
inserted through normal liver tissue to avoid direct 
puncture and dissemination of the tumor. Addition-
ally, sufficient safety margins were obtained by the 
broad ablation zone, and no marginal recurrence 
was noted in 21 tumors during the follow-up period.

This study had major limitations, including its 
retrospective nature, the absence of a control group, 
the short follow-up period, and a small number of 
patients. More long-term outcomes and a random-
ized control trial are necessary. However, this study 
was an initial experience with laparoscopic RFA and 
the no-touch technique. 

Conclusions

The laparoscopic approach without tumor contact 
is more advanced than conventional laparoscopic 
RFA. This technique could be an approach for HCC 
that is not easily accessible by conventional percu-
taneous RFA. Additionally, the laparoscopic approach 
can be performed safely with a low rate of complica-
tions, without tumor dissemination during the pro-
cedure, and with a low marginal recurrence rate due 
to a sufficient margin with a broad ablation zone. In 
conclusion, laparoscopic RFA with the no-touch tech-
nique might be acceptable as a feasible and reliable 
therapy for HCC tumor in selected patients.
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