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Introduction 
 
This overview has been prepared to assist members of IPAC advise on the safety 
and efficacy of an interventional procedure previously reviewed by SERNIP. It is 
based on a rapid survey of published literature, review of the procedure by one or 
more specialist advisor(s) and review of the content of the SERNIP file. It should not 
be regarded as a definitive assessment of the procedure. 
 
 
Procedure name 
 
Radiofrequency ablation (RFA); also known as radiofrequency thermal ablation 
(RFTA) 
 
 
SERNIP procedure number 
 
127 
 
 
Specialty society 
 
Radiology 
 
 
Indication(s) 
 
Hepatocellular carcinoma (HCC) and metastasis from colorectal carcinoma are the 
two most common malignant tumours to affect the liver. The annual incidence of 
HCC is estimated to be at least one per million.1 Untreated HCC has a median 
survival of four to six months from the time of diagnosis.2 Metastatic liver disease is 
frequently associated with primary colorectal carcinoma.3 Approximately 50% of 
colorectal cancer patients will develop recurrence within five years of initial diagnosis 
with the liver being the most common site for metastatic disease.4 For many patients 
the progressive involvement of the liver is the primary determinant of long-term 
survival. Without treatment the median survival is 6 months.5,6 
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Summary of procedure 
 
RFA is a recently developed thermoablative technique that induces temperature 
changes by utilising high-frequency alternating current applied via an electrode(s) 
placed within the tissue to generate ionic agitation.7 The ionic agitation is generated 
in the areas surrounding the electrode tip as the ions attempt to change directions 
and follow the alternating current, thereby creating localised friction heat. The 
resultant frictional heating of tissue surrounding the electrode generates localised 
areas of coagulative necrosis and tissue desiccation.8 The radiofrequency energy 
radiates from the individual electrodes into the adjacent tissue.9 The energy level and 
thus the heating effect dissipates rapidly at an increasing distance form the 
electrodes so that the highest temperature will always be at the points nearest to the 
electrodes.8 RFA can be applied percutaneously, laparoscopically or intra-
operatively. 
 
The majority of malignant liver tumours remain inoperable due to their number, 
distribution and/or the presence of residual disease. Therefore, a number of 
alternative therapies have been developed including hepatic artery infusion 
chemotherapy (HAIC), as well as non-resectional chemotherapy, percutaneous 
ethanol injection (PEI), cryoablation, microwave coagulation therapy (MCT), laser-
induced thermotherapy, and radiofrequency ablation. The theoretical disadvantages 
of these methods are that they may produce adverse side effects, and none have yet 
demonstrated a long-term survival advantage. The theoretical advantages of RFA 
include larger areas of tissue ablation and higher survival rates when compared with 
other ablative techniques. 
 
 
Literature review 
 
A systematic search of MEDLINE, PREMEDLINE, EMBASE, Current Contents, 
PubMed, Cochrane Library and Science Citation Index using Boolean search terms 
was conducted, from the inception of the databases until October 2002. The York 
Centre for Reviews and Dissemination, Clinicaltrials.gov, National Research Register, 
SIGLE, Grey Literature Reports (2002), relevant online journals and the Internet were 
also searched in October 2002. Searches were conducted without language 
restriction.  
 
Articles were obtained on the basis of the abstract containing safety and efficacy data 
on radiofrequency ablation of the liver in the form of randomised controlled trials 
(RCTs), other controlled or comparative studies, case series and case reports. 
Conference abstracts and manufacturer’s information were included if they contained 
relevant safety and efficacy data. Foreign language papers were included if they 
contained safety and efficacy data and were considered to add substantively to the 
English language evidence base. In the case of duplicate publications, only the latest, 
most complete study, was included. 
 
There were two systematic reviews containing all of the most recently available 
data.10,11 The systematic review by Sutherland et al.10 incorporated the findings of the 
other systematic review by Galandi and Antes,11 and so only the Sutherland et al. 
review was included. In addition, safety data was extracted from 4 comparative 
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studies which were excluded from the Sutherland et al. review due to narrower 
selection criteria than in the present overview. These studies have been included on 
the rationale that safety data may be associated with the technique, whereas the 
efficacy data are confounded by separate results not presented for each indication. 
 
The systematic review by Sutherland et al.10 included the following studies: 
 
Study Type Comparator Number of studies Tumour 

• RCTs PEI 312-14 HCC 

 MCT 115 HCC 

• Quasi-randomised PEI 116
 HCC 

• Non-RCT comparative MCT 217,18 HCC 
 LITT 119 metastatic 
 HAIC 120 HCC 
 PEI or LITT 221,22 HCC 
 surgical resection 123 HCC 
 
 
Summary of key efficacy and safety findings 
 
See following tables; 
Please note that since the results of the studies included in the systematic review 
could not be statistically pooled, no quantitative results have been shown. The 
detailed results can be found in the full systematic review, a copy of which has been 
supplied. 
 
Abbreviations 
CSA   cryosurgical ablation 
CT   computed tomography  
HAIC   hepatic artery infusion chemotherapy 
HCC   hepatocellular carcinoma 
LITT   laser-induced thermotherapy  
MCT   microwave coagulation therapy  
PEI   percutaneous ethanol injection  
RCT   randomised controlled trial  
RFA  radiofrequency ablation
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Comparator  Key efficacy findings Key safety findings Appraisal/Comments 
Systematic Review10 
Percutaneous ethanol injection (PEI) RFA results in: 

• fewer sessions required to achieve complete 
tumour ablation 

• lower rates of local recurrence at follow-up 
• no difference in therapeutic response 
• operative times and hospital stay shorter 

RFA results in: 
• more fever, pain, and analgesic 

requirement 
 

• small sample sizes 
• short follow-up periods 
• lack of patient blinding 

Microwave coagulation therapy (MCT) RFA results in: 
• fewer sessions required to achieve complete 

tumour ablation 
• longer operative times 
• more complete ablative effect with less nodules at 

follow-up 

RFA results in: 
• lower incidence of minor 

complications 
• no difference in rate of major 

complications 

• small sample sizes 
• short follow-up periods 
• lack of patient blinding 
• unbalanced treatment group in 

comparative study 

Laser induced thermotherapy (LITT) RFA results in: 
• residual tumour present in lower proportion of 

nodules 
• shorter treatment times 

RFA results in: 
• fewer complications (such as 

arterioportal fistula, hepatic 
infarction, local atrophy, 
subcapsular fluid collection, 
perihepatic effusion 

 
 

 

Hepatic artery infusion chemotherapy (HAIC) RFA results in: 
• non significant difference in complete control of 

tumour growth (RFA-50% vs HAIC 30%) 

RFA results in: 
• fewer complications 
• lower mortality 

• very limited data 

Surgical resection RFA results in: 
• higher rate of recurrence and shorter time interval 

to recurrence 
• less success in controlling tumour growth 
 

No safety data reported • surgical resection and RFA 
indicated for different patient 
groups therefore, comparison 
difficult 

SUMMARY: • RFA results in larger and more complete areas of 
ablation 

• RFA may be associated with higher survival rates 

• No conclusions about safety could 
be reached 

• evidence limited by small sample 
size, short follow-up times, lack of 
comparability between outcome 
measures 
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Authors, date, location, number of patients, length of 
follow-up, selection criteria 

Key safety findings Comments 

Comparative Studies for Safety Data 
Elias et al.24 2000, FRANCE 
 
N = 21 
 
Median follow-up: 17.3 months (no loss to follow-up) 
 
Selection criteria: feasible R0 resection with the assistance of 
RF, liver tumour visible with ultrasound, target lesions ≥ 1cm 
from main right or left biliary pedicles 

post-operative mortality – 0% 
• no RFA related complications 
• hepatic complications – 4/21 (19%) 

o transient liver failure – 3 (14%) 
o biliary leakage – 1(5%) 
o general complications – 6 (29%) 

(treatment modality not defined) 
 

RFA + hepatectomy - 17 patients 
RFA + excision of extrahepatic lesions (liver metastases) – 2 
patients 
RFA alone – 2 patients 

Hoshida et al.25 2002, JAPAN 
 
N = 149 
RFA - 45 
PEI - 63 
MCT - 18 
PEI+MCT - 23 
 
Follow-up: after treatment 
 
Selection criteria: HCC, platelet count ≥ 40x103µ/L, 
prothrombin activity ≥ 40%, less than 6 HCC lesions 

• adverse events requiring additional medical treatment 
o 4/45 (9%) RFA 
o 10/63 (16%) PEI 
o 3/23 (13%) PEI+MCT 

series of 149 patients treated with either RFA, PEI, MCT, 
combination PEI/MCT (45 received RFA) 

 RFA CSA Bilchik et al.26 2000, USA 
 
N = 199 
RFA - 40 
CSA - 159 
 
Median follow-up: 16 months (range 1-77)  
 
Selection criteria: no evidence of extrahepatic disease but not 
candidates for surgical resection due to size/location of lesions 
or hepatic dysfunction 

blood loss   

thrombocytopenia  

pleural effusion  

hepatic abscess   

bile duct injury   

mortality  

40 [20] mL 

0 (0%) 

0 (0%) 

3/40 (7.5%) 

1/40 (2.5%) 

1/40 (2.5%) 

 

800[200]mL 

111/159 (70%) 

127/159 (80%) 

11/159 (7%) 

7/159 (4%) 

5/159 (3%) 

68 patients received RFA – 40 RFA alone, 14 RFA + resection, 9 
RFA + cryosurgical ablation (CSA), 5 RFA+CSA+resection 
 
240 patients received cryosurgical ablation (CSA) – 159 CFA 
alone, 81 CSA+ resection 
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Study details Key safety findings Comments 
Ikeda et al.27 2001, JAPAN 
 
N = 119 
RFA - 23 
PEI - 98 
 
Median follow -up: 11.4 (range 1.4-20.7) months 
 
Selection criteria: solitary HCC < 3cm diameter, no prior 
treatment other than hepatic resection 

RFA & PEI: 
• haemothorax – 0 (0%) 
• intraperitoneal bleeding – 0 (0%) 
• haemobilia – 0 (0%) 
 
PEI: acute cholangitis - 1(1%) 

119 patients with HCC – 23 RFA, 98 PEI 
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Specialist advisor’s opinion / advisors’ opinions 
Specialist advice was sought from the Association of Upper Gastrointestinal 
Surgeons and the British Association of Surgical Oncology 
 
Specialist Advisors stated that RFA is performed in 8 UK centres by experienced 
radiologists. They emphasised the need for appropriate selection of patients, 
preferably at a multidisciplinary team meeting, and adequate training of 
surgeons/specialists to perform the procedure. The procedure should be monitored 
by CT or ultrasound to ensure that the correct area of the liver is ablated. Accurate 
imaging guidance is important to ensure that the electrode is positioned away from 
structures which can be easily damaged. This in turn will ensure lower complication 
rates. Higher complication rates occur where there are increasing numbers of 
punctures, larger volumes of necrosis, more advanced liver disease, and lesions 
located close to the diaphragm, into the liver hilum, or close to vessels or viscera. 
 
 
Issues for consideration by IPAC 
None 
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