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Abstract
Objective To evaluate the efficacy and safety of combined
radiofrequency ablation (RFA) and ethanol injection with a
multipronged needle in the treatment of medium (3.1–5.0 cm)
and large (5.1–7.0 cm) hepatocellular carcinoma (HCC).
Methods A total of 65 patients with 67 HCC nodules were
enrolled in this prospective study. All of them received the
treatment of combined RFA and multipronged ethanol injec-
tion percutaneously.
Results The average volume of injected ethanol was 14.4±
4.1 ml (range, 9–30 ml). The average number of RFA elec-
trode insertions was 1.7±0.8 (range, 1–4). The rate of initial
local complete response (CR) was 94.0 % (63/67). After
additional treatment, technical success was achieved in all
HCC nodules. There were no treatment-related deaths, and
major complications were observed in 3 (4.6 %) patients.

After a mean follow-up of 20.0±7.6 months, local tumour
progression was observed in 10 (10/67, 14.9 %) tumours,
whereas distant recurrence developed in 32 (32/65, 49.2 %)
patients. The 1-year and 2-year survival rates were 93.1% and
88.1 %, respectively.
Conclusion The combination of RFA and multipronged etha-
nol injection in the treatment of medium and large HCC is safe
and effective with a high rate of local tumour control.
Key Points
• Combined radiofrequency ablation and multipronged etha-
nol injection is a new therapeutic strategy

• Treatment is safe and effective for medium and large hepa-
tocellular carcinoma (HCC)

• A multipronged needle allows for a homogeneous ethanol
distribution

Keywords Radiofrequency ablation .Multipronged ethanol
injection . Hepatocellular carcinoma . Safety . Efficacy

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common
cancer and the third most common cause of death from cancer
worldwide [1]. Surgical resection still remains the choice of
treatment for HCC in patients with cirrhosis. However, only a
small number of patients are suitable for curative resection as a
result of many factors such as coexisting advanced liver
cirrhosis, vascular invasion, extrahepatic metastases and
multicentric tumours [2]. A shortage of liver grafts limits the
application of liver transplantation. As non-surgical treatment,
various local ablation therapies such as ethanol injection and
radiofrequency ablation (RFA) have been proposed and en-
couraging results have been reported [3]. Ethanol injection is a
well-established procedure for the treatment of small HCC,
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which may bring about long-term results comparable to those
of surgical resection [4]. During the past two decades, with the
development of medical technology, RFA has been the chief
procedure for the treatment of HCC [5–7]. However, because
of the limited volume of coagulated necrosis induced by RFA
alone, the local complete ablation rates decrease dramatically
for HCCs larger than 3 cm in diameter and the local recurrence
rate is higher compared with surgical resection [8]. The aim of
this study was to prospectively evaluate the efficacy and safety
of combined RFA and ethanol injection with a multipronged
needle in the treatment of medium (3.1–5.0 cm) and large
(5.1–7.0 cm) HCC.

Materials and methods

Patients

From June 2009 to September 2011, a total of 65 patients with
67 HCC nodules (3.1–7.0 cm) were enrolled prospectively in
this study. The diagnosis of HCC was based on the non-
invasive diagnostic criteria of the European Association for
the Study of the Liver or biopsy. The inclusion criteria were as
follows: (a) adult patients with HCC or recurrent HCC and
refusal to undergo surgery; (b) single or multiple tumour (no
more than 3 HCCs), dominant lesion 3.1–7.0 cm in diameter;
(c) liver function status at Child–Pugh class A or B; (d)
platelet count over 45×109/l; (f) prothrombin time ratio great-
er than 50 %. Exclusion criteria include (a) presence of vas-
cular invasion and extrahepatic metastases at preprocedure
imaging study; (b) previous treatment for target HCC; (c)
HCC developed in the transplanted liver; (d) ongoing antico-
agulant treatment that cannot be stopped.

Baseline evaluation was carried out, including clinical his-
tory; full laboratory tests consisting of a complete blood count,
platelets, coagulation profile, hepatitis B and C viral serology,
electrolytes, albumin (ALB), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), total bilirubin (TBIL) and
serum alpha-fetoprotein (AFP); contrast-enhanced computed
tomography (CT) or magnetic resonance imaging (MRI) of
the abdomen; contrast-enhanced ultrasound; electrocardio-
gram; and radiograph of the chest. Diagnostic and treatment
decisions were made in consensus by a team of hepatobiliary
surgeons and interventional radiologists.

This study was approved by the institutional review board
and informed consent was obtained from all patients.

Treatment procedure

Treatment was given with the use of conscious sedation and
analgesia. Vital signs were continuously monitored during the
procedure. All procedures were performed percutaneously by

experienced radiologists and under real-time ultrasound guid-
ance with a 3.5-MHz convex probe.

Ethanol injection

A multipronged injection needle (Quadra-Fuse; Rex Medical,
Conshohochen, PA) was used for ethanol injection. Under
ultrasound guidance, the needle was introduced percutaneous-
ly into the centre of the tumour nodule and the needle tip was
positioned at the bottom of the target tumour. An injection–
rotation–injection manoeuvre was used as described in our
previous report [9]. The maximal extent of prong deployment
was equal to the largest diameter of the treated tumour. The
three prongs were deployed from a 1-cm extent initially to the
predetermined maximum extent. The ethanol kept being
injected until the whole tumour appeared completely
hyperechoic. The amounts of ethanol were determined ac-
cording to the size of tumours and were always kept between
one-third and one-half of the estimated tumour volume. Be-
fore any necessary pause of ethanol injection, 0.5–1.0 ml of
heparinized saline solution was injected to prevent thrombosis
inside the prongs. After the completion of ethanol injection,
the needle was left in place for 1–2min before it was removed.

Radiofrequency ablation

Radiofrequency ablation devices in this study were LeVeen
electrodes (Boston Scientific, Natick, MA), Starburst XL
electrodes (RITA Medical Systems, Mountain View, CA)
and Cool-tip electrodes (Valleylab, Boulder, CO). Multi-
tined RF system/electrode such as RITA was mostly used in
this study, and the Cool-tip system was used when electrode
puncture and position was difficult to process because of the
location of the tumour. For the treatment of medium tumours,
we used a coaxial cannula for insertion of one multipronged
ethanol injection needle and one multi-tined RF electrode one
by one, and 1–2 RF electrode positions along one access path
were used in one session. For the treatment of large tumours,
we deployed two RF electrodes in parallel in the low-centre of
target tumour at first, then inserted a multipronged ethanol
needle in another access path. After completion of ethanol
injection, RF ablation was performed with 2–4 electrode
positions in the tumour. A grounding pad was placed on each
thigh of the patient. For ablation using any type of electrode,
multiple overlapping ablations were applied, as described by
Chen et al. [10]. RFA was started 3–5 min after ethanol
injection following the manufacture’s guidelines. The needle
track was carefully treated with the electrode being retracted
by 1-cm increments to prevent bleeding and tumour seeding.
Patients were hospitalized for 1–2 days, unless their compli-
cations necessitated longer hospitalization.
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Therapeutic efficacy and follow-up

Contrast-enhanced ultrasound (CEUS) was performed the
following morning, providing an initial evaluation of treat-
ment effect. An additional treatment would be performed if
any tumour residue was found. Local efficacy was assessed by
contrast-enhanced CT performed 1 month after the treatment,
which was considered the standard evaluation modality. Com-
plete ablation (CA) was defined as non-enhancement in the
ablated zone with or without peripheral enhancing rim. In the
case of viable residual tumour, additional ablation was given
with the aim of complete ablation. If the tumour was still
viable after additional ablation, combined ablation was con-
sidered a failure and the patient was referred for other thera-
pies. All the ablation-related complications and side effects
were defined as described by Goldberg et al. [11]. Patients
with tumours that achieved CA entered follow-up. Contrast-
enhanced CT and CEUS were performed every 3–6 months.
AFP assays were also performed if the value was high before
treatment. Local tumour progression (LTP) was assessed on a
tumour-by-tumour basis and distant recurrence (DR) on a
patient-by-patient basis. This study was censored on 31 May
2012.

Statistical analysis

Statistical analysis was performed using the SPSS 16.0 soft-
ware package. P values less than 0.05 indicated statistical
significance. Continuous data were expressed as the mean ±
standard deviation. Data on survival were evaluated by the
Kaplan–Meier method. The relationship between each of the
variables and LTP/DR was estimated by the log-rank test. The
variables included age, gender, presence of hepatitis B or C
virus infection, Child–Pugh class for liver function, ALT,
TBIL, ALB, PT, PLT, AFP, tumour type (primary or recur-
rence), tumour number (single or multiple), tumour location,
size of the largest tumour, ethanol volume and ablation time.
The variables that proved to be significant in univariate anal-
ysis were tested by the multivariate Cox proportional hazards
model.

Results

Patients and tumour profile

Of 65 patients whomet the inclusion criteria, 59 weremen and
6 were women, with an average age of 55.6±12.3 years
(range, 30–81 years). A total of 58 patients had hepatitis B
virus infection and one patient had hepatitis C virus infection.
With regard to liver function status, 60 had Child–Pugh clas-
sification grade A and five grade B. Fifty patients had a
solitary tumour, and 15 had multiple nodules. Of all the

nodules, there were 67 nodules measuring 3.1–7.0 cm treated
by combined RFA and ethanol injection with a multipronged
needle, including 63 with a medium size (3.1–5.0 cm) and
four with a large size (5.1–7.0 cm). The mean diameter was
3.8±0.7 cm (range, 3.1–7.0 cm) in the longest dimension and
3.1±0.7 cm (range, 1.7–5.6 cm) in the shortest dimension.
Forty-two patients were first diagnosed with HCC and 23
were diagnosed with recurrent HCC after hepatic resection
(n=17) or thermal ablation (n=6). A total of 46 tumour
nodules were located at unfavourable sites abutting the portal
vein (n=12), gallbladder (n=6), bile duct near the porta
hepatis (n=3) and liver capsule near intestine or diaphragm
or heart (n=25). The demographic data of these patients are
shown in Table 1.

The mean volume of injected ethanol per tumour was 14.4
±4.1 ml (range, 9–30 ml). The average number of RFA
electrode insertions was 1.7±0.8 (range, 1–4). The mean size
of the ablation zone, as measured on CT or CEUS performed
1 month after treatment, was 5.2±0.9 cm (range, 3.2–
7.5 cm)×4.2±0.9 cm (range, 2.7–7.0 cm).

Tumour response to treatment

Complete ablation was obtained in 63 of 67 tumours after
initial treatment (Figs. 1 and 2). All the large HCC were
ablated completely. CEUS the next day did not show any
tumour residue. Four residual tumours were detected by
contrast-enhanced CT performed 1 month later, and
achieved complete ablation after additional treatment.
The mean time interval between the first and second
treatments was 47 days. Overall, the technical success
rate was 100 % (67/67) in this study.

Table 1 Demographic and tumour characteristic data

Data Value

Gender (male/female) 59/6

Age (years) 55.6±12.4 (30–81)

Hepatitis virus (B/C/none) 58/1/6

Child–Pugh class (A/B) 60/5

Serum ALT level (U/L) 52.0±59.8 (2.9–434.0)

Serum total bilirubin (mg/dl) 19.5±14.5 (5.6–76.3)

Serum albumin (g/l) 40.7±4.7 (30.3–49.7)

Prothrombin time (s) 12.7±1.4 (10.9–18.3)

Platelet count (×109/l) 148.3±62.1 (47–312)

Serum AFP level (ng/ml) 1,233.9±3,995.4
(0.4–26,822.3)

Tumour type (primary/recurrent) 42/23

Tumour number (single/multiple) 50/15

Tumour size (3.1–5.0 cm/5.1–7.0 cm) 63/4

Tumour location (favorable/unfavorable) 21/46

ALT alanine aminotransferase, AFP alpha-fetoprotein
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Complications

No ablation-related deaths occurred. The major complica-
tion rate was 4.6 % (3/65) in this study, including intra-
abdominal haemorrhage in one, liver abscess in one, and
massive ascites due to liver function damage in one. All
were managed by conservative therapy. Minor complica-
tions included asymptomatic intra-abdominal haemorrhage
(n=2), pleural effusion (n=2) and biloma secondary to bile
duct damage (n=2).

Local tumour progression

All patients with technical success entered follow-up. LTP
was observed in 10 (10/67, 14.5 %) during a mean follow-
up period of 20.0±7.6 months (range, 6.7–32.6 months), the
sustained local CR being 79.1 % (53/67). The local recurrence
rate in medium tumours was 15.9 % (10/63), and 0 % (0/4) in
large tumours (p>0.05). Among the 16 variables examined,
no variable was found to be an independent factor predicting
LTP (Table 2).

Fig. 1 Images of a 36-year-old male patient with HCC who underwent
multipronged ethanol injection and radiofrequency ablation using a
multitined expandable electrode (Starburst XL electrode, RITA Medical
Systems, Mountain View, CA). Pre-treatment CT (a) and ultrasound (b)
show a 3.3×2.5 cm HCC adjacent to portal vein. c Tumour appeared

completely hyperechoic after combined treatment (one session, 11 ml of
ethanol injected and 15 min of RFA performed). The position of RF
electrode was clear (white arrowheads). dCTscan obtained 1 month after
the treatment shows non-enhancing ablation zone completely enveloping
the treated tumour

Fig. 2 Images of a 62-year-old
male patient with HCC who
underwent combined treatment. a
Pre-treatment CTshows a HCC of
4.6 cm located in segment 8 of the
liver. b A multipronged needle
(white arrowheads) was inserted
into the tumour and 16 ml of
ethanol was being injected. c A
multitined expandable electrode
(Starburst XL electrode, RITA
Medical Systems, Mountain
View, CA) was inserted and the
tumour appeared completely
hyperechoic. d Image obtained
1 month after the treatment shows
no evidence of contrast
enhancement in the treated
tumour area
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Distant recurrence

Of 65 patients, 32 (49.2 %) developed distant recurrence after
ablation, including an intrahepatic new lesion in 30, lung
metastases in one and retroperitoneal lymph node metastasis
in one. The distant recurrence rate in medium and large
tumours was 47.5 % (29/61) and 75 % (3/4), respectively
(p>0.05). During univariate analysis, three variables were
statistically significant, namely gender, presence of hepatitis
B/C virus infection and tumour type. Themultivariate analysis
revealed that presence of hepatitis B or C infection was the
significant factor for the recurrence of HCC (Table 3).

Overall survival rates

Of 65 patients, 57 were still alive at the time of study censor-
ship. They survived from 6.7 to 32.6 months after ablation.

Seven of the remaining eight patients died of tumour progres-
sion and another one died of liver failure. Overall 1-year and
2-year survival rates were 93.1 % and 88.1 %, respectively.

Discussion

Over the past decade, RFA has evolved into an important
therapeutic modality in the management of HCC. More than
90% initial complete tumour response rate in liver tumour less
than 3 cm in diameter and 10–20 % local tumour progression
rate have been reported [12–14]. However, as a result of the
limited volume of coagulated necrosis induced by RFA alone,
the management of medium and large HCC in patients who
are not candidates for surgical resection remains a big chal-
lenge. It has been declared that the therapeutic efficacy of RFA
decreases as the tumour size increases. In 2000, Livraghi et al.
reported that RFA therapy resulted in complete necrosis in
71 % of cases and nearly complete necrosis in 24 % in non-
infiltrative tumour measuring 3.1–5.0 cm [15]. In 2003,
Giorgio et al. reported complete necrosis in 95 % of tumours
with diameters equal to or smaller than 3 cm, but dropped to
71 % for tumour measuring 3.1–5.0 cm and only 12 % for
tumours larger than 5 cm [16]. To enhance the therapeutic
effect of RFA, several treatment modalities have been applied
in clinical settings, such as combined use of transarterial
chemoembolization (TACE) or saline injection and RFA
[17–19]. In the present study, we demonstrated the combined
use of RFA and ethanol injection with a multipronged needle
was a feasible treatment for medium and large HCC. All
tumour nodules were completely ablated after one or two
treatment sessions.

Although the HCC was medium and large in size, the
technique success was 100 % in the present study. A previous
in vivo experiment [20] and a clinical randomized controlled
trial [21] both have shown that ethanol injection prior to RFA
could achieve larger coagulated necrosis compared to RFA
alone. Several possible explanations are as follows: first, the
destruction of peri- or intra-tumour vessels by ethanol injected
reduces the “heat-sink” effect that diminishes the efficacy of
RFA and induces larger coagulated necrosis. Second, the
ethanol injected can make the tissue around the electrode less
prone to carbonization and further the thermal conduction.
Therefore, we chose to inject the ethanol before placing the
RFA electrode, although the hyperechogenicity caused by
ethanol injection may obscure the tumour and make reposi-
tioning the electrode difficult [2]. In such circumstances, we
counted the scale mark both from the electrode and the punc-
ture line and ensured a uniform depth. On the other hand, the
ethanol was injected with a multipronged needle in the current
study, which allowed for a homogeneous ethanol distribution
[9]. In the past, ethanol injection was often performed with a
21-gauge percutaneous transhepatic cholangiography needle

Table 2 Univariate analysis of risk factors for local tumour progression
and distant recurrence of HCC after ablation

Variables Local tumour
progression
P value

Distant
recurrence
P value

Gender (male) 0.535 0.036

Age (>65 years) 0.558 0.189

Hepatitis B/C virus (+/−) 0.298 0.003

Child–Pugh class (A/B) 0.868 0.569

Serum ALT level (>40 U/l) 0.089 0.990

Serum total bilirubin (>34.2 mg/dl) 0.913 0.395

Serum albumin (>40 g/l) 0.674 0.603

Prothrombin time (>14 s) 0.686 0.600

Platelet count (>100×109/l) 0.694 0.436

Serum AFP level (>200 ng/ml) 0.160 0.517

No. of tumours (single/multiple) 0.659 0.933

Tumour size (3.1–5.0 cm/5.1–7.0 cm) 0.204 0.584

Tumour type (primary/recurrent) 0.367 0.033

Tumour location (favorable/unfavorable) 0.725 0.448

Ethanol volume (>14.4 ml) 0.206 0.378

Ablation time (>24 min) 0.712 0.163

+ positive, − negative, ALT alanine aminotransferase, AFP alpha-
fetoprotein

Table 3 Multivariate analysis of risk factors for distant recurrence of
HCC after ablation

Variables P value Risk ratio
(95 % confidence interval)

Gender (M/F) 0.980 0.000 (0.000–0.000)

Hepatitis B/C (+/−) 0.005 5.205 (1.668–16.664)

Tumour type (primary/recurrent) 0.093 1.842 (0.902–3.758)
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and the ethanol distribution was uneven and limited. These
factors contribute to the favourable therapeutic efficacy, as
well as overall survival.

With the improvements in devices and techniques, micro-
wave ablation (MWA) has displayed the potential capability
for treating HCC larger than 3 cm [22–24]. Theoretically,
MWA is more efficient than RFA and less influenced by the
heat-sink phenomenon. Simultaneous MWA did show an
advantage in producing a large coagulation area, but the
relatively high complication rate caused by increased energy
application and tissue destruction limit its use for tumours
close to critical structures. Combination of RFA and TACE
increases volume of coagulated necrosis [25, 26]. In theory,
TACE is superior to ethanol injection in destruction of
peritumour blood vessels, owing to the larger effective area
of the former. However, the size of the ablation zone will
decrease with time interval between TACE and RFA in-
creases. It is believed that the shorter time interval provides
better therapeutic efficacy with a larger ablation zone [26].
Although Morimoto et al. [27] performed TACE and RFA on
the same day, technical difficulties can not be ignored. Ethanol
injection was improved in this study with the use of a multi-
pronged needle, which allowed more ethanol to be delivered
into the tumour and the peritumour area in multiple directions.
Moreover, RFA combined with ethanol injection can be per-
formed in the same session, with low cost, less effort and less
side effects. Further study is required to compare the thera-
peutic efficacy of these treatments for medium and large HCC.

The major complication rate of 4.6 % found in this study
was similar to what we had reported previously with thermal
ablation alone (4–9.2 %) [24, 28]. All were cured by conser-
vative therapy. Hence, this study demonstrated that combined
RFA and ethanol injection with a multipronged needle in the
treatment of medium and large HCC is relatively safe with a
low incidence of serious complications. It is noteworthy that
tumours near the hepatic capsule, gallbladder and major blood
vessels were successfully treated without complications.

Previous studies have reported LTP incidence to be as high
as 26.4 % in patients with HCC smaller than 4 cm [29]. In a
report by Mulier et al., the local recurrence was 14 % in
tumours less than 3 cm but increased to 25 % in tumours of
3–5 cm and was 45 % for tumours larger than 5 cm [8]. LTP
was observed in 14.9 % of patients in the present study, which
is lower than the previously reported rate. Our ablative mar-
gins all exceeded 0.5 cm, which were measured with the use
of dedicated three-dimension volumetry software, and a clear
safety margin of 0.5–1.0 cm is important not only for liver
resection but also for RFA [30–32]. Patients with HCC may
have many micrometastases which can appear up to 1.0 cm
away from the main tumour, even with an encapsulated tu-
mour of 3.0 cm or smaller [33]. An ablative margin of 0.5–
1.0 cm should be produced around the tumour to ensure the
eradication of satellite lesions or microscopic invasion around

the periphery of a tumour. Therefore, the treatment of com-
bined RFA and ethanol injection with a multiple multipronged
needle inducing larger necrosis can yield a safety margin
which facilitates a decrease in local recurrence. Tumour size
[29, 34], tumour location [34] and patient age [34, 35] have
been reported as the predisposing factors for LTP of HCC.
However, no such factors were found in our study.

As a result of the multicentric occurrence of HCC and
metastasis to other sites via portal vein, distant recurrence is
very common after ablation. In this study, the multivariate
analysis revealed that presence of hepatitis B or C infection
was a significant factor for the distant recurrence of HCC.
Therefore, patients with hepatitis virus infection should be
monitored more frequently and carefully.

It is indubitable that there were some limitations in our
study. First and foremost, it was a single arm of HCC treat-
ment and there was no direct comparison. Randomized con-
trolled clinical trials are needed to provide a complete evalu-
ation of this combined technique for the treatment of HCC.
Second, only four patients with large HCC were included in
this study. Further group analyses between medium and large
HCC are ineligible. Third, the follow-up period ranged from
6.7 to 32.6 months. The long-term results of the treatment are
still unclear.

In summary, medium and large HCC can be treated safely
and effectively with the combination of RFA and ethanol
injection with a multipronged needle, although more data
and long-term results are needed for further validation.

Acknowledgements The scientific guarantor of this publication is
Xiaoyan Xie. The authors of this manuscript declare no relationships
with any companies whose products or services may be related to the
subject matter of the article. The authors state that this work has not
received any funding. No complex statistical methods were necessary for
this paper. Institutional review board approval was obtained. Written
informed consent was obtained from all subjects (patients) in this study.
Some study subjects or cohorts have been previously reported in ECIO
2012. Methodology: prospective, diagnostic or prognostic study, per-
formed at one institution.

References

1. Parkin DM, Bray F, Ferlay J, Pisani P (2005) Global cancer statistics,
2002. CA Cancer J Clin 55:74–108

2. PoonRT, Fan ST, Lo CM et al (2001) Improving survival results after
resection of hepatocellular carcinoma: a prospective study of 377
patients over 10 years. Ann Surg 234:63–70

3. Livraghi T, Meloni F (2002) Treatment of hepatocellular carcinoma
by percutaneous interventional methods. Hepatogastroenterology 49:
62–71

4. Shiina S, Tateishi R, Imamura M et al (2012) Percutaneous ethanol
injection for hepatocellular carcinoma: 20-year outcome and prog-
nostic factors. Liver Int 32:1434–1442

5. Shiina S, Teratani T, Obi S et al (2005) A randomized controlled trial
of radiofrequency ablation with ethanol injection for small hepato-
cellular carcinoma. Gastroenterology 129:122–130

1570 Eur Radiol (2014) 24:1565–1571



6. Lencioni R, Cioni D, Crocetti L et al (2005) Early-stage hepatocel-
lular carcinoma in patients with cirrhosis: long-term results of percu-
taneous image-guided radiofrequency ablation. Radiology 234:961–
967

7. Livraghi T, Meloni F, Di Stasi M et al (2008) Sustained complete
response and complications rates after radiofrequency ablation of
very early hepatocellular carcinoma in cirrhosis: is resection still the
treatment of choice? Hepatology 47:82–89

8. Mulier S, Ni Y, Jamart J, Ruers T, Marchal G, Michel L (2005) Local
recurrence after hepatic radiofrequency coagulation: multivariate
meta-analysis and review of contributing factors. Ann Surg 242:
158–171

9. Kuang M, Lu MD, Xie XY et al (2009) Ethanol ablation of hepato-
cellular carcinoma up to 5.0 cm by using a multipronged injection
needle with high-dose strategy. Radiology 253:552–561

10. Chen MH, Yang W, Yan K et al (2004) Large liver tumors: protocol
for radiofrequency ablation and its clinical application in 110 pa-
tients–mathematic model, overlapping mode, and electrode place-
ment process. Radiology 232:260–271

11. Goldberg SN,Grassi CJ, Cardella JF et al (2005) Image-guided tumor
ablation: standardization of terminology and reporting criteria.
Radiology 235:728–739

12. Lin SM, Lin CJ, Lin CC, Hsu CW, Chen YC (2004) Radiofrequency
ablation improves prognosis compared with ethanol injection for
hepatocellular carcinoma < or =4 cm. Gastroenterology 127:1714–
1723

13. Buscarini L, Buscarini E, Di Stasi M, Vallisa D, Quaretti P, Rocca A
(2001) Percutaneous radiofrequency ablation of small hepatocellular
carcinoma: long-term results. Eur Radiol 11:914–921

14. Shibata T, Maetani Y, Isoda H, Hiraoka M (2006) Radiofrequency
ablation for small hepatocellular carcinoma: prospective comparison
of internally cooled electrode and expandable electrode. Radiology
238:346–353

15. Livraghi T, Goldberg SN, Lazzaroni S et al (2000) Hepatocellular
carcinoma: radio-frequency ablation of medium and large lesions.
Radiology 214:761–768

16. Giorgio A, Tarantino L, de Stefano G et al (2003) Percutaneous
sonographically guided saline-enhanced radiofrequency ablation of
hepatocellular carcinoma. AJR Am J Roentgenol 181:479–484

17. Ahmed M, Lobo SM, Weinstein J et al (2002) Improved coagulation
with saline solution pretreatment during radiofrequency tumor abla-
tion in a canine model. J Vasc Interv Radiol 13:717–724

18. Yamakado K, Nakatsuka A, Ohmori S et al (2002) Radiofrequency
ablation combined with chemoembolization in hepatocellular carci-
noma: treatment response based on tumor size and morphology. J
Vasc Interv Radiol 13:1225–1232

19. Yamasaki T, Kurokawa F, Shirahashi H, Kusano N, Hironaka K,
Okita K (2002) Percutaneous radiofrequency ablation therapy for
patients with hepatocellular carcinoma during occlusion of hepatic
blood flow. Comparison with standard percutaneous radiofrequency
ablation therapy. Cancer 95:2353–2360

20. Goldberg SN, Kruskal JB, Oliver BS, ClouseME, Gazelle GS (2000)
Percutaneous tumor ablation: increased coagulation by combining

radio-frequency ablation and ethanol instillation in a rat breast tumor
model. Radiology 217:827–831

21. Kurokohchi K, Watanabe S, Masaki T et al (2002) Combined use of
percutaneous ethanol injection and radiofrequency ablation for the
effective treatment of hepatocelluar carcinoma. Int J Oncol 21:841–
846

22. Kuang M, Lu MD, Xie XY et al (2007) Liver cancer: increased
microwave delivery to ablation zone with cooled-shaft antenna–
experimental and clinical studies. Radiology 242:914–924

23. Liu Y, Zheng Y, Li S, Li B, Zhang Y, Yuan Y (2013) Percutaneous
microwave ablation of larger hepatocellular carcinoma. Clin Radiol
68:21–26

24. Yin XY, Xie XY, Lu MD et al (2009) Percutaneous thermal ablation
of medium and large hepatocellular carcinoma: long-term outcome
and prognostic factors. Cancer 115:1914–1923

25. Qian J, FengGS, Vogl T (2003) Combined interventional therapies of
hepatocellular carcinoma. World J Gastroenterol 9:1885–1891

26. Min JH, Lee MW, Cha DI et al (2013) Radiofrequency ablation
combined with chemoembolization for intermediate-sized (3–5 cm)
hepatocellular carcinomas under dual guidance of biplane fluorosco-
py and ultrasonography. Korean J Radiol 14:248–258

27. Morimoto M, Numata K, KondouM, Nozaki A, Morita S, Tanaka K
(2010) Midterm outcomes in patients with intermediate-sized hepa-
tocellular carcinoma: a randomized controlled trial for determining
the efficacy of radiofrequency ablation combined with transcatheter
arterial chemoembolization. Cancer 116:5452–5460

28. Lu MD, Yin XY, Xie XYet al (2005) Percutaneous thermal ablation
for recurrent hepatocellular carcinoma after hepatectomy. Br J Surg
92:1393–1398

29. Kim YS, Rhim H, Cho OK, Koh BH, Kim Y (2006) Intrahepatic
recurrence after percutaneous radiofrequency ablation of hepatocel-
lular carcinoma: analysis of the pattern and risk factors. Eur J Radiol
59:432–441

30. Nakazawa T, Kokubu S, Shibuya A et al (2007) Radiofrequency
ablation of hepatocellular carcinoma: correlation between local tumor
progression after ablation and ablative margin. AJRAm J Roentgenol
188:480–488

31. Dodd GD 3rd, Frank MS, Aribandi M, Chopra S, Chintapalli KN
(2001) Radiofrequency thermal ablation: computer analysis of the
size of the thermal injury created by overlapping ablations. AJRAm J
Roentgenol 177:777–782

32. Kudo M (2004) Local ablation therapy for hepatocellular carcinoma:
current status and future perspectives. J Gastroenterol 39:205–214

33. Shi M, Zhang CQ, Zhang YQ, Liang XM, Li JQ (2004)
Micrometastases of solitary hepatocellular carcinoma and appropri-
ate resection margin. World J Surg 28:376–381

34. Zytoon AA, Ishii H, Murakami K et al (2007) Recurrence-free
survival after radiofrequency ablation of hepatocellular carcinoma.
A registry report of the impact of risk factors on outcome. Jpn J Clin
Oncol 37:658–672

35. Nishikawa H, Osaki Y, Iguchi E et al (2012) Percutaneous radiofre-
quency ablation for hepatocellular carcinoma: clinical outcome and
safety in elderly patients. J Gastrointest Liver Dis 21:397–405

Eur Radiol (2014) 24:1565–1571 1571


	Combined...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Patients
	Treatment procedure
	Ethanol injection
	Radiofrequency ablation

	Therapeutic efficacy and follow-up
	Statistical analysis

	Results
	Patients and tumour profile
	Tumour response to treatment
	Complications
	Local tumour progression
	Distant recurrence
	Overall survival rates

	Discussion
	References


