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Introduction
Image-guided thermal ablation as a minimally invasive 
technique has been widely used for treatment of primary 
liver cancer in the past two decades and is now consid-
ered among curative treatments for very early hepatocel-
lular carcinoma (HCC) and a valid alternative to surgery 
in selected HCC patients within the Milan criteria.1,2 
Radiofrequency ablation (RFA) still represents the current 
standard ablative technique and a recent meta-analysis 
demonstrated that RFA is more cost-effective than resec-
tion in the presence of HCC nodules (up to 3) equal to or 
less than 3 cm.3 Nonetheless, hepatic resection provided 
better life expectancy and was more cost-effective than 
RFA for single HCCs of 3–5 cm.3 The latter results are not 
unexpected since RFA effectiveness dramatically drops 
when medium–large nodules are considered. In fact, the 

complete ablation rate decreases to 60% with increasing 
size (even when multiple insertions are carried out)4 and 
local tumour progression (LTP) may be as high as 31% if 
tumour size exceeds 5 cm.5

In spite of improvements in surgical technique and periop-
erative care allowing treatment even in patients previously 
considered unsuitable for surgery, e.g. cases allocated in 
the stage B or C of the Barcelona therapeutic algorithm,6,7 
aggressive surgical treatment of medium-large tumours 
is still hampered by several factors such as advanced age, 
heavy comorbidities, poor liver function, and portal hyper-
tension. For this vast subgroup of patients, microwave abla-
tion (MW)8,9 and combined therapy (i.e. RFA treatment 
coupled with either percutaneous ethanol injection (PEI)10 
or transcatheter arterial chemoembolization (TACE) have 
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Objective: The purpose of this study was to prospec-
tively evaluate the safety and effectiveness of radiof-
requency ablation (RFA) by using a multiple-electrode 
switching system to treat unresectable medium-large 
(3.1–6.0 cm) HCC nodules.
Methods: RFA using a multiple-electrode switching 
system was performed for HCC nodules with size > 3.0 < 
6.0 cm in nonsurgical candidates. Two electrodes were 
consecutively placed for 3.1–4.0 cm tumours, and three 
electrodes for 4.1–5.9 cm tumours, with a 2.0–2.5 cm 
spacing. The power was switched from one electrode 
to the next automatically when the impedance reached 
30 Ω above the baseline level. 25 patients (M/F = 9/16; 
median age 76 years, range 61-84) with liver cirrhosis 
(20 HCV-positive) in Child’s Class A (22 cases) and 
B (3 cases) and 26 HCC nodules (median diameter 

4.0 cm; range 3.2–5.5 cm) underwent treatment in 25 
sessions from 2013 and 2018. Therapeutic effectiveness 
was assessed through CT or MRI exam at 30–40 days 
post-ablation.
Results: No procedure-related death or major compli-
cations occurred. Complete ablation was obtained in all 
nodules (100%). At a median follow up of 30 months, 
local tumor progression occurred in five out of 26 
nodules (19.2%). Overall survival at 4 years was 49%.
Conclusion: RFA with a multiple-electrode switching 
system may be a safe, quick and effective therapeutic 
option for treatment of 3.1-6.0 cm unresectable HCC 
tumours.
Advances in knowledge: RFA with multiple electrodes 
provides favourable clinical results in patients with medi-
um-large HCC nodules who are not suitable for surgery
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been proposed to overcome these limitations11–14; in particular 
the combination of TACE and RFA proved to be superior to 
either RFA or TACE alone in terms complete ablation rate, overall 
survival, and LTP.11,14 Moreover, combined therapy achieved a 
3-year overall survival rate similar to liver resection.12,13

A different approach to treat medium-large nodules entails the 
positioning of multiple sources of energy (RF or MW) into15–17 
or around (“no-touch technique”) the tumours.18,19

Clinical15–19 and experimental20–22 research has demonstrated 
good results in terms of achieving a wider and rounder area 
of ablation with a sufficient safety margin, directly resulting in 
decreased LTP (which is the main parameter to assess ablative 
technique effectiveness in terms of local tumour control).

The aim of this study was to report on our single-centre experi-
ence of using a multiple radiofrequency (RF) electrode switching 
system to treat cirrhotic patients with unresectable HCC nodules 
between 3.1 and 6.0 cm over a long-term follow-up period.

methods and Materials
Patient selection
Between September 2013 and February 2018, patients with 
single or multiple (up to three, the largest up to 5.0 cm) unre-
sectable HCC nodule/s 3.1–6.0 cm were prospectively selected 
for percutaneous RFA with multiple needles. Institutional review 
board approval was obtained for this prospective study, and all 
patients provided written informed consent before interven-
tional procedures.

The patients were considered suitable for percutaneous approach 
if the following selection criteria were met: (1) lack of portal inva-
sion (including segmental branches); (2) preserved liver function 
(Child’s A and B); (3) no extrahepatic metastasis; (4) permissive 
coagulative status (platelet count >50.000 mmc; prothrombin 
activity >50%); and 5) feasibility and safety of percutaneous 
approach under ultrasound guidance.

HCC diagnosis was based on either histological findings (2 
nodules), or the non-invasive criteria proposed by AASLD and 
EASL1,2 (24 nodules). Liver tumours were considered unre-
sectable because of: severe cardiopulmonary disease (8 cases); 
advanced age >75 years (7 cases); recent history or coexistence of 
another primary tumour (5 cases); severe portal hypertension (2 
cases); poor hepatic reserve (1 case); and patient refusal (1 case).

US-guided RFA
All interventional procedures were performed by the same oper-
ator (GF), who has more than 20 years of experience in liver 
ablation.

Monopolar RFA with a multiple-electrode switching system 
(Covidien, Cool-tip™ RF ablation system E Series) was 
performed under US guidance using either free-hand tech-
nique or needle guiding systems in an operating theatre under 
conscious sedation. A multichannel RF system (maximum 
power of 200 W at a frequency of 480 kHz) was used to switch 

RF energy between the two or three internally cooled 17 g 
electrodes for a total of 15–20 min in the active tip portion of 
the electrode. The electrodes were activated alternatively and 
switched off automatically once the impedance reached 30 Ω 
above baseline. Two to three return pads were placed on the 
patients’ thighs to complete the circuit.

The number of electrodes, their spacing, and the exposed tip of 
the cool-tip needles varied according to lesion size: two needles 
spaced 1.5–2.0 cm were positioned into tumours up to 4.0 cm, 
and three needles placed 2.0 cm apart in as close to a trian-
gular configuration as possible in tumours > 4.0 cm. Gener-
ally speaking, two needles were inserted as much parallel as 
possible using the same angle of introduction whereas, in case 
a third needle was needed for larger lesions, a different plane 
was chosen. For right-sided lesions we preferred an intercostal 
approach trying to stick the needles through two adjacent inter-
costal spaces (Figure 1b).

An exposed tip of 4.0 cm was used only if nodules size was >4.5 
cm. One cycle of ablation lasted 15–20 min and the number of 
cycles needed to obtain complete ablation varied according to 
the nodule size. A second ablation cycle was obtained by pulling 
back the electrodes so as to cover the entire tumour volume. 
Whenever possible, the operator tried to obtain an ablative 
margin of at least 5 mm around the index tumour. Additional 
insertions of a single needle were considered if immediate 
post-procedural control of RFA effectiveness by means of 
contrast enhanced ultrasound (CEUS) demonstrated residual 
viable tissue. To this end, a second-generation contrast agent 
(SonoVue, Bracco, Milan, Italy) was injected intravenously as 
a single bolus of 2.4 ml into an antecubital vein, through an 
18–20 gauge cannula, followed by 5 ml of saline. The US equip-
ment machines (MyLab™ Twice, Esaote, Genova, Italy; Resona 7 
system, Shenzhen Mindray Bio- Medical Electronic Co, Shen-
zhen, China) used throughout the study had dedicated software 
for CEUS-specific imaging.

Track ablation was performed during each needle withdrawal by 
maintaining the electrode tip at 90°C to prevent post-procedural 
bleeding and neoplastic seeding.

Contrast-enhanced CT or MR scans were performed to assess 
treatment success 30–40 days after RFA: complete ablation was 
considered if no enhanced area/s were demonstrated at the site 
of the index tumour. Enhanced MR or CT and CEUS were then 
alternated every 3 months so that patients were screened with 
each modality every 6 months for the first 2 years. Thereafter 
CEUS and CT/MR were alternatively performed every 6 months.

Clinical and laboratory evaluation (including alpha-fetoprotein 
serum levels) paralleled the imaging assessment.

Statistical analysis
Continuous variables were described by their medians and 
value ranges, and categorical variables were summarized by 
frequencies.
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Time to LTP was calculated as the interval between no evidence 
of neoplastic disease at CT/MR after RFA, and the reappearance 
of tumour foci during follow-up.

Overall survival (OS) was calculated as the time from the begin-
ning of treatment until death or last follow-up date.

Survival and local tumour progression in the treatment group 
was assessed using the log-rank test.

The data were analysed using SPSS (v. 13.0, SPSS Inc., Chicago, 
IL).

Results
25 patients with 26 HCC nodules were treated with multiple 
RF needles in a single session. The main characteristics of the 
patients studied are shown in Table 1.

Two needles were used for the treatment of 22 nodules (four 
of those nodules required a second ablation cycle) and three 
needles were used for the treatment of the other four nodules. 
In the latter group with HCC tumour size >4.0 cm, two nodules 
required a second ablation cycle, along with one more insertion 
of a single electrode (deemed necessary to obtain complete abla-
tion on the basis of immediate post-procedural CEUS results). 
CT or MR performed after 1 month to verify treatment effective-
ness showed absence of viable foci in all 26 nodules.

Median duration of the ablative session was 15 min (range 15–30 
min). Figure 1 demonstrates a paradigmatic treatment with three 
needles for a 5.5 cm HCC nodule.

No peri-operative mortality or major complications occurred. 
Minor complications requiring only medical therapy were 
observed in 8 patients (32%): transient paralytic ileus (1), ascites 
(1), pleural effusion (1), post-ablation syndrome (1), and intense 
abdominal pain (4). No tumour seeding along the electrode 
tracks was observed during the available follow-up.

The median follow-up of patients was 30 months (range 6–57 
months). Five out of 26 treated nodules demonstrated LTP 
(19.2%). Regrowth of neoplastic tissue occurred only in nodules 
with baseline diameter equal to or greater than 4.0 cm (5 out 
18 cases). Nothwistanding, maybe as a consequence of the small 

Figure 1. A 5.5 cm HCC tumour (between markers) is displayed in the seventh hepatic segment at US intercostal scan in a 77-year-
old female with HCV-positive hepatic cirrhosis (a). Three RF needles have been sequentially positioned in a triangular configu-
ration through two adjacent intercostal spaces (b). Ultrasound counterpart: two electrodes (4 cm exposed tip) are seen in the 
same US plane (needle tips identified by the markers) spaced 2 cm apart (c), whereas the third needle is positioned more cranially 
(white spots due to vaporization gases signal beginning of ablation) (d). The entire tumour (black arrow) is obscured by vapor-
ization clouds at the end of two cycles of ablation: the electrodes had been pulled back 1.5 cm after the first 20 min of energy 
delivery (e). CEUS performed 5 minutes after completion of ablation shows a wide area of complete ablation (between markers) 
(f). Follow-up CT scan at 4 years post-RFA with multiple needles: no viable areas are shown in the arterial phase within the index 
tumour (black arrow), which also appears to have decreased in size (g).

Table 1. Main demographic and clinical characteristics of the 
patients studied

No. Patients 25

M/F 9/16

Median age (range) years 76 (61–84)

Number of Nodules 26

Median size (range) cm 4.0 (3.2–5.5)

Number of Nodules ≥ 4.0 cm (%) 18 (69.2)

HCV+/HBV+/NAFDL/Crypto 20/1/2/2

Naive/LTP/NL 21/3/2

Child’s Class A/B 22/3

Mean value of serum AFP (SD) ng/ml 28.9 (56)

HVC, Hepatitis C Virus; HBV, Hepatitis B Virus; NAFLD, non-alcoholic 
liver disease; LTP, local tumor progression; NL, new lesion; AFP, 
alpha-fetoprotein.
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samples, the difference in LTP between nodules ≥ 4.0 (cm) 27.7% 
and tumors < 4.0 cm (0%) was not significant (p = 0.16). The 
cumulative incidence of LTP at 2, 3 and 4 years was 13% (95%CI 
6–19) and 29% (95%CI 22–36) and 29% (95%CI 22–36) respec-
tively (Figure 2). Only three relapsing HCCs could be treated by 
means of RFA (2) and TACE (1), whereas the remaining two had 
best supportive care owing to concurrent neoplastic intra hepatic 
spread.

None of the patients were lost to follow-up and the estimated 
2-, 3-, and 4-year overall survival was 81% (95% CI 77–85), 64% 
(95% CI 59–69), and 49% (CI 95% 42–56) respectively (Figure 3). 
Nine patients died due to tumour progression (55.5%, n = 5), 
liver failure (11.1%; n = 1), or extra hepatic causes (33.4%; n = 3).

Discussion
Although RFA is considered a very effective tool to destroy 
small HCC nodules in situ,1,2 its technical effectiveness is greatly 
limited when the nodule size exceeds 3.0 cm.3 It is well known 
that the complete ablation rate progressively declines with 
increasing tumour size4: the complete ablation rate in 3.0–5.0 cm 
HCC nodules has been previously found to be 60%, but as low 
as 24% in large HCCs > 5.0 cm. RFA has been shown to have the 
worst performance in infiltrating tumours (only 35% completely 
ablated) irrespective of the tumour size.4

In addition, a high rate of LTP in lesions larger than 3.0 cm has 
been previously demonstrated even after an initial complete 
post-treatment response.5,23 To treat medium-large tumours by 
RFA as a sole therapy, the overlapping ablations technique has 
been proposed although with conflicting clinical results: whereas 
Livraghi et al4 obtained the poor above mentioned results, Chen 
et al24 utilized a mathematical model to contribute towards a 
very high rate of complete ablation (87%) in a mixed population 
of primary and secondary liver tumours. Several shortcomings 
of this type of approach should be highlighted:4,25 (1) needle 
repositioning after each ablation may be technically challenging 
since the target tumour may be obscured by bubbles provoked 
by previous heating, and without CEUS it may very difficult to 
recognize non-ablated areas; (2) perfusion mediated cooling 
(which can reduce the effectiveness of subsequent ablation) 
occurs due to the increased time between ablations; (3) the areas 
of ablation may not necessarily be coalescent.

Several experimental works20–22 have demonstrated that multiple 
heat sources (both RF and MW) spaced at predetermined 
distance allowed more heat to be contained to the target area, 
resulting in more confluent zones of ablation. Additional factors 
favouring this kind of approach should be taken into account: (1) 
local ischemia caused by adjacent ablations may reduce perfu-
sion-mediated cooling in each ablation zone; (2) placement of 
multiple applicators prior to any tissue heating may be simpler 
than repositioning after each ablation since the tumour is not 
obscured by previous ablations; (3) simultaneous ablations are 
inherently faster than sequential ablations when sufficient power 
is available. Manufacturers have licensed RF and MW machines 
enabling operators to translate into clinical practice the experi-
mental studies.

Although preliminary clinical reports on feasibility and efficacy 
of such approach have been reported since 2007 by Laeseke et al15 
this method has not gained widespread adoption perhaps due to 
challenging technical difficulties in positioning multiple needles 
and increasing costs of the ablative procedure. However, over the 
last few years a number of papers have strengthened the idea that 
this technique may be considered as a valid tool to treat unresect-
able medium-large HCC tumours.16–19 Some authors adopted a 
switching monopolar RF system similar16 or identical17 to the 
one which we used in the present study and reported high rates 
of 1-year survival (99.4 and 98.8% respectively). However, more 
than two thirds of the entire population studied were comprised 
of HCC tumours < 3.0 cm. Neither paper reported OS or LTP 
according to size, and only in the paper by Tan et al17 did tumour 

Figure 2. Cumulative local tumour progression probability 
after RFA. RFA, radio frequency ablation.

Figure 3. Cumulative overall survival probability after RFA. 
RFA, radio frequency ablation.
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size >3.0 cm turn out to be an independent predictor of worse 
LTP and OS rates.

On the other hand, the so called “no-touch technique” has been 
proposed by French authors to treat large HCC nodules (>5.0 
cm)18 and small HCC up to 5.0 cm19 by means of multi-bipolar 
RF. These authors obtained high rates of technical effectiveness 
(100%), and primary effectiveness (81–100%) with a very low 
rate of LTP (7.2–14%). It is worth mentioning that Hocquelet et 
al19 showed that the subgroup with medium HCC nodules (3.0–
5.0 cm) had lower primary RFA failure and better LTP rates in 
comparison to matched patients treated with a monopolar single 
RF needle. Of note, in the above mentioned studies patients with 
large >5.0 cm and medium (3–5 cm) were 21 patients18 and 32 
patients,19 numbers not so different from ours.

Our experience with a switching RF system demonstrated a 
high rate of technical feasibility and effectiveness (100%) and a 
LTP rate not different (less than 20%) from other series dealing 
with smaller tumours26–28 and better than older series dealing 
with medium-large HCC tumours.4 Our patient population was 
highly selected: although considered not eligible for surgery, they 
all had preserved functional reserve, and all but one had only a 
single HCC. Recently, Saviano et al13 compared liver resection 
and a single-step combination approach (RFA plus TACE) in 
solitary medium-large HCC tumours, a clinical scenario similar 
to that of our study. A cumulative LTP 3 year rate of 58.1% was 
observed in the 29 patients of RFA plus TACE group, signifi-
cantly higher than that found in matched resected patients 
(21.8%). Although in Saviano’s series 20% of tumours were larger 
than 5 cm in contrast to 11% of the present series, cumulative 
LTP rate at 3 years (29.3%) of our study appears to be closer to 
their resection group results. Similarly, 3-year OS in our series 
(64.7%) turned out to be better than that (48.2%) reported by 
Saviano et al..13

Although statistically not significant size ≥4.0 cm was associated 
with neoplastic regrowth after successful treatment. In partic-
ular, 2 out of 5 of the relapsing tumors (40%) had baseline size of 
4.0 cm. This observation has prompted a change in our protocol 

in order to further abate LTP: three needles are now employed if 
nodule size exceeds 3.5 cm.

The multiple needle technique in our hands was safe since no 
deaths or major complications occurred, in keeping with similar 
studies.16–18

Our results are not directly comparable with series dealing 
with sequential combined therapy (TACE plus RFA)12,14 since 
patients with multinodular disease and a wide range of tumour 
size were enrolled. However, it is conceivable that our approach 
consisting of a quick, safe and effective treatment modality in a 
single session may be advantageous over sequential combined 
therapy in terms of costs and quality of life by reducing number 
of hospital accesses and patient discomfort.

Differently from our technique some Microwave equipment may 
activate simultaneously multiple antennas (up to three): abla-
tion areas obtained in experimental settings are larger and more 
circular than those created with sequential power delivery.20 
However, studies specifically focused on clinical results obtained 
with simultaneously activated antennas in medium-large HCC 
nodules are lacking.

Limitations of our study should be considered: this series 
represents a single centre experience and is relatively small (even 
if the follow-up was acceptably long), and the technique is chal-
lenging since less experienced operators might find it difficult 
to precisely insert multiple needles in a predetermined spatial 
configuration.

Conclusion
In unresectable patients, deployment of multiple energy sources 
may provide an useful thermal ablation option and deliver safe 
and effective first-line therapy for medium-large HCC tumours 
(especially if solitary), with good outcomes in terms of LTP and 
OS. Larger studies are needed to confirm these results and to 
compare this approach to other treatment modalities such as 
combined therapy and multiple MW antennas
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