
93

Original Research

Clinical Experience of Percutaneous Radiofrequency Ablation
Using an arfa RF ABLATION SYSTEM

Ⓡ

in Various Organs

1) Department of Diagnostic and Interventional Radiology, Hokkaido University Hospital, Japan
2) Department of Radiology, Hyogo College of Medicine, Japan

3) Department of Radiology, Shimane University Faculty of Medicine, Japan

Naoya Kinota1), Haruyuki Takaki2), Kaoru Kobayashi2), Yasukazu Kako2), Hiroshi Kodama2),

Atsushi Ogasawara2), Mitsunari Maruyama3), Motonori Takahagi2), Junichi Taniguchi2), Taiki Moriyama2),

Hiroyuki Yokoyama2), Hisashi Komoto2), Ryo Kunimoto2), Nahomi Yoshimura2), Koichiro Yamakado2)

Abstract
Purpose: To evaluate the feasibility, safety, and efficacy of radiofrequency (RF) ablation using an ablation

system (arfa RF ABLATION SYSTEMⓇ; Japan Lifeline Co. Ltd.) for treating solid tumors in various organs.

Material and Methods: Between October 2019 and August 2021, 80 patients (29 women, 51 men; me-

dian age, 70.0 yr) underwent 107 RF ablation sessions using the ablation system to treat 151 tumors in the

liver (n = 86), lung (n = 51), adrenal gland (n = 4), pleura (n = 4), bone (n = 3), lymph node (n = 2), and

kidney (n = 1). The maximum tumor diameter was 2-40 mm (median, 11 mm). This study evaluated techni-

cal success (defined as the completion of planned RF ablation), technique efficacy (defined as the complete

tumor ablation on follow-up images), and adverse events. Local tumor progression in 146 curatively treated

malignant tumors was evaluated.

Results: The technical success rate was 100% (107/107). Ablation zones in two tumors were insufficient.

Therefore, the primary technique efficacy rate was 98.1% (105/107). Grade 3 hepatic infarction (1.6%, 1/64)

and grade 4 pleuritis (3.4%, 1/29) occurred respectively after liver and lung RF ablation. During the median

follow-up period of 10.2 months (Interquartile range, 4.2 and 16.4 months), local tumor progression devel-

oped in two tumors (1.4%, 2/146).

Conclusions: The arfa RF ABLATION SYSTEMⓇ is a feasible, safe, and effective RF ablation device for

managing solid tumors in various organs.
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Introduction

Since the introduction of radiofrequency (RF) ablation as

a minimally invasive therapeutic option for managing solid

tumors, it has been applied to treat solid tumors in various

organs. Its utility has been established [1-4].

Currently, RF ablation systems of two types are available:

monopolar and bipolar. Of these, monopolar RF ablation

systems are the most used RF ablation systems in clinical

settings. Electrode designs used for monopolar RF ablation

systems are divided into straight internally cooled electrodes

and multitined expandable type needle electrodes. The dif-

ferences in the efficacy and safety between the different RF

devices have not been identified so far [1-3, 5-7] Among

them, the Cool-tip RF SystemⓇ (Medtronic USA, Inc., MN,

USA) was the first approved monopolar RF ablation system

with a straight internally cooled electrode in Japan in 2004.
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Figure　1.　Flow diagram of the study population.

Table　1.　Patient and Tumor Characterstics, and RF Abla-
tion Procedures in Each Session.

Characteristics

No. (%) of RF 

ablation 

sessions

Patient characteristics

Sex

Male 64 (59.8%)

Female 43 (40.2%)

Age

> 70 yrs 49 (45.8%)

≤ 70 yrs 58 (54.2%)

Treatment intent

Curative 105 (98.1%)

Palliative 2 (1.9%)

Tumor characteristics

Primary or metastasis?

Primary 60 (56.1%)

Metastasis 47 (43.9%)

Size

> 3 cm 3 (2.8%)

≤ 3cm, > 2cm 16 (15.0%)

≤ 2cm, > 1cm 50 (46.7%)

< 1cm 38 (35.5%)

Location and disease

Liver 64 (59.8%)

Hepatocellular carcinoma 52 (48.6%)

Metastasis from colorectal cancer 8 (7.5%)

Metastasis from nasopharyngeal cancer 4 (3.7%)

Lung 29 (27.1%)

Metastasis from colorectal cancer 14 (13.1%)

Metastasis from sarcomas 8 (7.5%)

Metastasis from renal cell carcinoma 5 (4.7%)

Metastasis from hepatocellular carcino-

ma

1 (0.9%)

Metastasis from lung carcinoma 1 (0.9%)

Adrenal grand 4 (3.7%)

Metastasis from renal cell carcinoma 3 (2.8%)

Adrenal adenoma 1 (0.9%)

Pleura 4 (3.7%)

Malignant pleural mesothelioma 4 (3.7%)

Bone 3 (2.8%)

Osteoid osteoma 2 (1.9%)

Metastasis from lung carcinoma 1 (0.9%)

Lymph node 2 (1.9%)

Metastasis from colorectal cancer 1 (0.9%)

Metastasis from renal cell carcinoma 1 (0.9%)

Kidney 1 (0.9%)

Renal cell carcinoma 1 (0.9%)

RF ablation procedure

Ablated tumors per session

1 69 (64.5%)

2 32 (29.9%)

3 6 (5.6%)

Puncture number

1 or 2 70 (65.4%)

3 or more 37 (34.6%)

Ancillary procedures

TAI, TAE, and TACE 61 (57.0%)

Biopsy 2 (1.9%)

Hydrodissection 1 (0.9%)

Data are number of RF ablation sessions. Numbers in parentheses are percent-

ages.

RF, radiofrequency; TAI, transcatheter arterial infusion; TAE, transcatheter ar-

terial embolization; TACE, transcatheter arterial chemoembolization

An RF ablation device has recently become commercially

available in Japan: the arfa RF ABLATION SYSTEMⓇ (Ja-

pan Lifeline Co., Ltd., Tokyo, Japan). This device is also a

monopolar RF ablation system with a straight internally

cooled electrode. Although one study reports the ablation

area and safety of RF ablation using arfa RF ABLATION

SYSTEMⓇ for hepatocellular carcinoma (HCC) [8], no pre-

vious study reported the safety and efficacy of this system

for other organs and diseases.

This study evaluated the feasibility, safety, and efficacy of

RF ablation using the arfa RF ABLATION SYSTEMⓇ for

treating solid tumors in various organs.

Material and Methods

Subjects

The relevant institutional review board approved this ret-

rospective study. Because of the study’s retrospective nature,

written informed consent to participate in this study was not

deemed necessary. Instead, informed consent was obtained

in the form of an opt-out on the website.

Between October 2019 and August 2021, 125 consecutive

patients underwent RF ablation to treat various solid tumors.

Among them, 80 patients who received RF ablation using

the arfa RF ABLATION SYSTEMⓇ were included in this

study (Fig. 1). Those 80 patients underwent 107 RF sessions

to treat 151 tumors. Those patients included 51 men (63.8%,

51/80) and 29 women (36.3%, 29/80) with a median age of

70.0 yr (interquartile range (IQR), 58.5 and 74.8 yr). Of

them, 79 patients (98.8%, 79/80) received RF ablation as a

curative treatment of malignant (95%, 76/80) and benign

(3.8%, 3/80) tumors. The remaining one patient (1.3%, 1/

80) was administered RF ablation as a palliative treatment.

The most frequent sites for RF ablation were the liver

(59.8%, 64/107 sessions) followed by lung (27.1%, 29/107

sessions), adrenal gland (3.7%, 4/107), pleura (3.7%, 4/107),

bone (2.8%, 3/107), lymph node (1.9%, 2/107), and kidney

(0.9%, 1/107). The maximum tumor diameter was 2-40 mm

(median, 11 mm). Table 1 presents details of the patient and

tumor characteristics in the respective RF ablation sessions.



Interventional Radiology 2022; 7: 93-99

95

Figure　2.　arfa RF ABLATION SYSTEM®

a. Generator
b. Internally cooled electrode of arfa RF ABLATION SYS-
TEM®. The length of the current-carrying part can be changed 
by shifting the electrode grip lever (white arrow).
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Pretreatment workup

Before RF ablation, all patients underwent routine physi-

cal examinations, laboratory tests, and radiologic imaging

studies. Imaging studies included chest radiography, abdomi-

nal MR imaging, PET, and thoracic, abdominal, and pelvic

computed tomography (CT). The diagnoses were established

mainly based on imaging findings. Four of the 80 patients

(5.0%) underwent a percutaneous biopsy was performed to

confirm the index tumor diagnosis.

RF ablation procedure

RF ablation procedures were conducted in an inpatient

setting. Patients were administered local anesthesia using

1% lidocaine (XylocaineⓇ; AstraZeneca KK, Osaka, Japan)

and moderate sedation with intravenous dexmedetomidine

(Dexmedetomidine Intravenous SyringeⓇ; Nipro Corp.,

Osaka, Japan) and fentanyl citrate (Fentanyl InjectionⓇ;

Terumo Corp., Tokyo, Japan). Operators were eight inter-

ventional radiologists with 4-32 yr (median, 18 yr) of expe-

rience in interventional procedures. The arfa RF ABLATION

SYSTEMⓇ was used for all patients included in this study

(Fig. 2a and 2b). This system comprised a generator and an

internally cooled electrode with a variable active tip length

of 5-30 mm (Fig. 2b). Electrode placement was performed

under real-time CT fluoroscopic guidance (Fig. 3). The ac-

tive tip length of the electrode was chosen according to the

tumor size and location and adjacent organs. In principle,

the active tip length of the electrode was 1 cm more than

the maximum tumor diameter. After the electrode was con-

nected with a generator, RF energy was applied with 10 W

for lung tumors and 40 W for other tumors with chilled

water circulation within the electrode, except for osteoid os-

teomas. Then, because of a greater than 30% impedance in-

crease of the ablated tissue from the baseline, the RF power

was increased by 10 W every 30 s until the generator

stopped delivering RF energy three times. A bone biopsy

needle (Osteo-siteⓇ; Cook Medical Japan G.K., Tokyo, Ja-

pan) was introduced into the lesion for osteoid osteomas.

The RF electrode was introduced through the bone biopsy

needle. RF energy was applied with the manual control

mode without cooling. The electrode temperature was main-

tained at 90℃ for 5 min [9]. Tract ablation was performed

routinely when the electrodes were withdrawn. During tract

ablation, internal cooling was stopped, and the RF energy

was manually controlled to maintain the electrode tempera-

ture above 80℃. Overwrapping ablation was performed

when an operator considered it necessary. RF ablation was

performed for three or fewer lesions within one RFA ses-

sion. Table 1 presents details of the RF ablation procedures.

For 45 RF sessions designated to treat hepatocellular car-

cinoma (HCC), hepatic artery infusion chemotherapy using

miriplatin-iodized oil suspension (MIRIPLAⓇ; Dainippon

Sumitomo Pharma Co., Ltd., Osaka, Japan) was adminis-

tered immediately before RF ablation. Arterial injection of

iodized oil (LipiodolⓇ; Guerbet Japan K.K., Tokyo, Japan)

was done immediately before the ablation of two adrenal tu-

mors in two sessions and a renal tumor in one session. Arte-

rial embolization with trisacryl gelatin microspheres (Em-

bosphereⓇ; Nippon Kayaku Co. Ltd., Tokyo, Japan) or de-

gradable starch microspheres (SpherexⓇ; Yakult Co. Ltd.,

Tokyo, Japan) was administered immediately before RF ab-

lation for metastatic liver tumors in 11 sessions.

Follow-up

Plain CT images were obtained from all patients immedi-

ately after the planned RF ablation procedure. If there were

immediate complications, such as pneumothorax and bleed-

ing, the required treatments were provided. After the proce-

dure, patients were instructed to remain in bed with moni-

toring of vital signs done every 4 hr for 24 hr. Routine

physical examinations were done every day during the hos-

pital stay. Laboratory tests were done the next day and 3-5

days after RF ablation. Chest radiographs were obtained 3-5

hr later and on the next day from patients who underwent

RF ablation for lung tumors and patients treated using a

transthoracic approach. All patients but those with osteoid

osteoma underwent contrast-enhanced CT or MR imaging

within 5 days after RF ablation to evaluate the ablative

zone. Eight patients had contraindication against using con-

trast materials, including poor renal function (n = 7) and al-

lergy to contrast material (n = 1). The ablative zone was

evaluated in those patients by non-contrast-enhanced CT (n

= 7) or MR imaging (n = 1). In patients with osteoid os-

teoma, bone radiographs were obtained the next day and 1

week after RF ablation. The patient was discharged if no
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Figure　3.　A man in his 70s underwent radiofrequency (RF) ablation with an arfa RF ABLATION 
SYSTEM® for treating hepatocellular carcinoma (HCC).
a. A HCC measuring 14 mm located in segment 2 (arrow).
b. The tumor was ablated by RF electrode with 20 mm active tip length (arrowhead).
c. Axial CT images acquired 2 days after RF ablation showed non-enhanced areas surrounding the 
index tumor (arrow).
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difficulty was found from follow-up imaging and laboratory

data returned to the baseline level. Follow-up was performed

on an outpatient basis. The follow-up protocol included a

routine physical examination and laboratory tests every

month, with CT or MRI obtained every 3-4 months.

Assessment

This study evaluated the feasibility, safety, and efficacy of

RF ablation using the arfa RF ABLATION SYSTEMⓇ for

various organs.

Technical success was defined as successful RF electrode

placement in the index tumor and the accomplishment of

ablation procedures under the planned protocol [10]. The

definition of technique efficacy was set according to the in-

dex tumor location as follows: complete disappearance of

tumor enhancement and coverage of index tumors by the

ablative area in liver and kidney tumors, complete disap-

pearance of tumor enhancement in pleural, adrenal, and

lymph node tumors, and complete coverage of tumors by

the ablative area (solid or ground glass opacity) in lung tu-

mors [10, 11-14]. In patients with osteoid osteoma, relief of

pain symptoms (visual analog scale score decreased by ≥2

points without analgesic administration) at 24 hr after RF

ablation was defined as technique efficacy [9]. Primary tech-

nique efficacy was defined as accomplishing the criteria

above after the initial RF session. The assisted technique ef-

ficacy was defined as the accomplishment after repeated RF

sessions. Complications were defined according to the Com-

mon Terminology Criteria for Adverse Events (ver. 5.0)

[15]. Any patient death within 30 days of RF ablation was

designated as a grade 5 adverse event. A grade 3 or higher

adverse event was defined as a major complication. Grade 1

and 2 adverse events were defined as minor complications.

Common procedural side effects, including periprocedural

pain, fever, and transient elevation of liver enzyme levels,

were avoided from the evaluation. For this study, technical

success, technique efficacy, and complications were evalu-

ated on an RF session basis.

Local tumor progression was also evaluated in patients

who received RF ablation as a curative treatment for malig-

nant tumors (76 patients with 146 tumors). Local tumor pro-

gression was defined as the appearance of a growing tumor
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Table　2.　Complications.

Complication
CTCAE grade

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Overall (n=107) 43.0% (46/107) 10.3% (11/107) 0.9% (1/107) 0.9% (1/107) 0%

Liver (n=64) 39.1% (25/64) 7.8% (5/64) 1.6% (1/64) 0% 0%

Fever 31.3% (20/64) 6.3% (4/64) 0% 0% 0%

Subcapsular hematoma 9.4% (6/64) 0% 0% 0% 0%

Pneumothorax 6.3% (4/64) 1.6% (1/64) 0% 0% 0%

Liver infarction 0% 0% 1.6% (1/64) 0% 0%

Pleural effusion 1.6% (1/64) 0% 0% 0% 0%

Hemothorax 1.6% (1/64) 0% 0% 0% 0%

Billirary hemorrhage 1.6% (1/64) 0% 0% 0% 0%

Blood pressure elevation 0% 1.6% (1/64) 0% 0% 0%

Lung (n=29) 62.1% (18/29) 20.7% (6/29) 0% 3.4% (1/29) 0%

Fever 3.4% (1/29) 3.4% (1/29) 

Pneumothorax 41.4% (12/29) 17.2% (5/29) 0% 0% 0%

Hemothorax 6.9% (2/29) 0% 0% 0% 0%

Pleurisy 0% 3.4% (1/29) 0% 3.4% (1/29) 0%

Pulmonary hemorrhage 6.9% (2/29) 0% 0% 0% 0%

Pleural effusion 3.4% (1/29) 0% 0% 0% 0%

Subcutaneous emphysema 3.4% (1/29) 0% 0% 0% 0%

Pleura (n = 4) 25% (1/4) 0% 0% 0% 0%

Fever 25% (1/4) 

Adrenal grand (n=4) 25% (1/4) 0% 0% 0% 0%

Retroperitoneal hemorrhage 25% (1/4) 0% 0% 0% 0%

Bone (n=3) 0% 0% 0% 0% 0%

Lymph node (n=2) 0% 0% 0% 0% 0%

Kidney (n=1) 100% (1/1) 0% 0% 0% 0%

Fever 100% (1/1) 

CTCAE, Common Terminology Criteria for Adverse Events

on follow-up CT or MR imaging. Follow-up imaging was

conducted using a contrast agent, except for eight patients

who had contraindication against using contrast materials as

described above. Local tumor progression was evaluated on

a tumor basis.

Results

Technical success and technique efficacy

Technical success was achieved in all RF sessions (100%,

107/107). The primary technique efficacy rate was 98.1%

(105/107). The ablation zones were insufficient in 2 RF ses-

sions to treat 2 HCC, and both were ablated completely dur-

ing an additional RF ablation session. Therefore, the assisted

technique efficacy rate was 100% (107/107).

Complication

Major complications occurred in two sessions (1.9%, 2/

107): a grade 3 liver infarction requiring blood products af-

ter liver RF ablation (1.6%, 1/64) and a grade 4 aseptic

pleurisy requiring admission to an intensive care unit after

lung RF ablation (3.4%, 1/29). Minor complications oc-

curred in 52 RF sessions (48.5%, 52/107). Table 2 presents

details of those complications.

Local tumor progression

During the median follow-up period of 10.2 months (IQR,

4.2 and 16.4 months), there was local tumor progression in

one liver tumor (1.2%, 1/86) and one lung tumor (2.0%, 1/

51). The 1-year cumulative local tumor progression rates of

liver and lung tumors were, respectively, 1.5% (95% confi-

dence interval (CI), 0%-4.3%) and 2.7% (95% CI, 0%-

7.9%).

Discussion

Results of this study indicated that RF ablation using the

arfa RF ABLATION SYSTEMⓇ was feasible, safe, and ef-

fective for the management of solid tumors in various or-

gans at least in a short-term follow-up. This generic RF ab-

lation device is non-inferior to more commonly used RF ab-

lation devices, such as the Cool-tip RF SystemⓇ.

In earlier studies examining more than 100 cases, the ma-

jor complication rates after liver and lung RF ablation using

the Cool-tip RF SystemⓇ were reported respectively as 0%-

3% and 0.4%-10.2% [16-23]. In the present study, the re-

spective major complication rates after liver and lung RF ab-
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lation were 1.6% and 3.4%. Those were similar to results

obtained for the Cool-tip RF SystemⓇ. The electrode of the

arfa RF ABLATION SYSTEMⓇ has a variable active tip

mechanism, so theoretically, an excessive ablative zone can

be avoided. Such an RF electrode design might be partially

attributed to this study’s limited major complication rate.

The primary technique efficacy rate in this study was

98.1%. Moreover, the 1-year local tumor progression rates

were 1.5% and 2.6% for liver and lung tumors. In earlier

studies, 1-year local tumor progression rates after RF abla-

tion using a Cool-tip RF SystemⓇ were reported as 1.4%-

15% for the liver and 10.1%-16.5% for lung tumors [17, 20,

22, 24, 25]. Therefore, the results of this study suggest that

the local control efficacy of RF ablation using the arfa RF

ABLATION SYSTEMⓇ is not inferior to that provided by a

Cool-tip RF SystemⓇ. Another explanation for the excellent

local control efficacy observed in this study may be partly

attributed to the relatively small size of the index tumors.

No major complication was found after RF ablation for

tumors located in the pleura, adrenal gland, bone, lymph

node, or kidney. Those findings suggest that RF ablation us-

ing the arfa RF ABLATION SYSTEMⓇ can be performed

safely for tumors in those organs. However, further evalu-

ation with an examination of a more significant number of

cases is necessary.

Several limitations exist in this study. The small number

of patients and retrospective nature with no control arm

might be apparent limitations. Especially, the number of pa-

tients who received RF ablation other than liver and lung

was small in this study. However, there is no available data

about the RF ablation using arfa RF ABLATION SYSTEMⓇ

for those patients. Therefore, those patients’ results were

also included in this study. The short follow-up period is an-

other limitation of this study. Therefore, the possibility re-

mains that uncommon and delayed adverse events were not

detected. The adjunctive technique was used for most of the

liver tumors in this study, which might affect the efficacy of

RF ablation. Despite these limitations, the results of this

study suggest that similarly to the Cool-tip RF SystemⓇ, the

arfa RF ABLATION SYSTEMⓇ is a useful ablation device

for managing solid tumors in various organs.

In conclusion, RF ablation using the arfa RF ABLATION

SYSTEMⓇ was found to be feasible, safe, and effective for

treating solid tumors in various organs.

Conflict of Interest: None

Funding: None

Author Contribution: Study planning; Naoya Kinota, Haruyuki

Takaki, Kaoru Kobayashi, Yasukazu Kako, Hiroshi Kodama, Atsushi

Ogasawara, Mitsunari Maruyama, Koichiro Yamakado

Data collection; Naoya Kinota, Haruyuki Takaki, Motonori Taka-

hagi, Junichi Taniguchi, Hisashi Komoto, Ryo Kunimoto, Nahomi

Yoshimura

Data analysis; Naoya Kinota, Haruyuki Takaki, Taiki Moriyama,

Hiroyuki Yokoyama

Preparation of first draft of manuscript; Naoya Kinota

IRB: Yes (institutional protocol number, 3858)

Disclaimer: Haruyuki Takaki is one of the Editorial Board mem-

bers of Interventional Radiology. This author was not involved in the

peer-review or decision-making process for this paper.

References
1. Izzo F, Granata V, Grassi R, et al. Radiofrequency ablation and

microwave ablation in liver tumors: an update. Oncologist. 2019;

24: e990-e1005.

2. Venturini M, Cariati M, Marra P, et al. CIRSE Standards of prac-

tice on thermal ablation of primary and secondary lung tumours.

Cardiovasc Intervent Radiol. 2020; 43: 667-683.

3. Salas N, Ramanathan R, Dummett S, et al. Results of radiofre-

quency kidney tumor ablation: renal function preservation and on-

cologic efficacy. World J Urol. 2010; 28: 583-591.

4. Ha EJ, Baek JH, Che Y, et al. Radiofrequency ablation of benign

thyroid nodules: recommendations from the Asian Conference on

tumor ablation task force - secondary publication. J Med Ultra-

sound. 2021; 29: 77-83.

5. Shibata T, Shibata T, Maetani Y, et al. Radiofrequency ablation for

small hepatocellular carcinoma: prospective comparison of inter-

nally cooled electrode and expandable electrode. Radiology. 2006;

238: 346-353.

6. Clark TW, Malkowicz B, Stavropoulos SW, et al. Radiofrequency

ablation of small renal cell carcinomas using multitined expand-

able electrodes: preliminary experience. J Vasc Interv Radiol.

2006; 17: 513-519.

7. Foster RC, Stavas JM. Bone and soft tissue ablation. Semin Inter-

vent Radiol. 2014; 31: 167-179.

8. Takaya H, Namisaki T, Matsumoto K, et al. Comparison of abla-

tion area and change in functional liver reserve after radiofre-

quency ablation for hepatocellular carcinoma using the arfaⓇ and

VIVAⓇ systems. J Clin Med. 2022; 11: 434.

9. Miyazaki M, Arai Y, Myoui A, et al. Phase I/II multi-institutional

study of percutaneous radiofrequency ablation for painful osteoid

osteoma (JIVROSG-0704). Cardiovasc Intervent Radiol. 2016; 39:

1464-1170.

10. Ahmed M, Solbiati L, Brace CL, et al. Image-guided tumor abla-

tion: standardization of terminology and reporting criteria -- a 10-

year update. Radiology. 2014; 273: 241-260.

11. Anderson EM, Lees WR, Gillams AR. Early indicators of treat-

ment success after percutaneous radiofrequency of pulmonary tu-

mors. Cardiovasc Intervent Radiol. 2009; 32: 478-483.

12. Crocetti L, de Baere T, Lencioni R. Quality improvement guide-

lines for radiofrequency ablation of liver tumours. Cardiovasc In-

tervent Radiol. 2010; 33: 11-17.

13. Georgiades C, Rodriguez R. Renal tumor ablation. Tech Vasc In-

terv Radiol. 2013; 16: 230-238.

14. Yamakado K, Matsumine A, Nakamura T, et al. Radiofrequency

ablation for the treatment of recurrent bone and soft-tissue sarco-

mas in non-surgical candidates. Int J Clin Oncol. 2014; 19: 955-

962.

15. Common terminology criteria for adverse events (CTCAE) v5.0

[Internet]: National Cancer Institute. 2017 Nov- [cited 2022 Apr

1]. Available from: https://ctep.cancer.gov/protocoldevelopment/ele

ctronic_applications/ctc.htm#ctc_50

16. Maeda M, Saeki I, Sakaida I, et al. Complications after radiofre-

quency ablation for hepatocellular carcinoma: a multicenter study

involving 9,411 Japanese patients. Liver Cancer. 2020; 9: 50-62.



Interventional Radiology 2022; 7: 93-99

99

17. Takaki H, Yamakado K, Nakatsuka A, et al. Radiofrequency abla-

tion combined with chemoembolization for the treatment of hepa-

tocellular carcinomas 5 cm or smaller: risk factors for local tumor

progression. J Vasc Interv Radiol. 2007; 18: 856-861.

18. Ding J, Jing X, Liu J, et al. Comparison of two different thermal

techniques for the treatment of hepatocellular carcinoma. Eur J

Radiol. 2013; 82: 1379-1384.

19. Livraghi T, Solbiati L, Meloni MF, et al. Treatment of focal liver

tumors with percutaneous radio-frequency ablation: complications

encountered in a multicenter study. Radiology. 2003; 226:441-451.

20. Han K, Kim JH, Yang SG, et al. A single-center retrospective

analysis of periprocedural variables affecting local tumor progres-

sion after radiofrequency ablation of colorectal cancer liver metas-

tases. Radiology. 2021; 298: 212-218.

21. Kashima M, Yamakado K, Takaki H, et al. Complications after

1000 lung radiofrequency ablation sessions in 420 patients: a sin-

gle center’s experiences. AJR Am J Roentgenol. 2011; 197:

W576-W580.

22. Picchi SG, Lassandro G, Bianco A, et al. RFA of primary and me-

tastatic lung tumors: long-term results. Med Oncol. 2020; 37: 35.

23. Gillams A, Khan Z, Osborn P, et al. Survival after radiofrequency

ablation in 122 patients with inoperable colorectal lung metastases.

Cardiovasc Interv Radiol. 2013; 36: 724-730.

24. Shiina S, Tateishi R, Arano T, et al. Radiofrequency ablation for

hepatocellular carcinoma: 10-year outcome and prognostic factors.

Am J Gastroenterol. 2012; 107: 569-577.

25. Yamakado K, Inoue Y, Takao M, et al. Long-term results of ra-

diofrequency ablation in colorectal lung metastases: single center

experience. Oncol Rep. 2009; 22: 885-891.

Interventional Radiology is an Open Access journal distributed under the Crea-

tive Commons Attribution-NonCommercial 4.0 International License. To view

the details of this license, please visit (https://creativecommons.org/licenses/by-

nc/4.0/).


