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Overview

• Radiofrequency ablation (RFA) is a controlled 
electrosurgical technique that implements high 
frequency alternating current to generate 
localized electromagnetic fields, heating targeted 
tissues to dessication, i.e. thermal coagulationtissues to dessication, i.e. thermal coagulation



RFA Scientific Rationale

• Cell death occurs at high thermal doses
• Neoplastic cells demonstrate higher sensitivity to 

heat effects
• RFA exploits the differences in heat sensitivity • RFA exploits the differences in heat sensitivity 

between neoplastic and healthy cells by creating 
localized hyperthermia



RFA Background

• Well established in the treatment of various 
cardiac and neurological dysfunctions
– Cardiac arrhythmias
– Neuralgias
– Tremors

• Limited applications secondary to small lesion 
size



RFA Background

• Ability to create larger controlled and 
reproducible lesions with the advent of bipolar, 
multi-tined and tip-cooling RF electrodes

• Expanded applications, primarily in tumor • Expanded applications, primarily in tumor 
therapy 
– Primary and secondary brain malignancies
– Primary and secondary hepatic malignancies



RFA Energy Delivery

• Insulated electrode shaft with un-insulated tip is 
placed into tissue

• Electrical generator is connected to electrode(s)
• Reference electrodes (grounding pads) are • Reference electrodes (grounding pads) are 

placed on the skin surface
• Alternating high frequency current (460-480kHz)

is applied
• Electrical impedance of tissue allows current to 

flow from generator into tissue
• RF currents create a conduit for frictional heating
• Heat is cytotoxic > 50� C



RFA Electrode and Device Types

• Percutaneous versus surgical (open)
• Conventional
• Wet electrodes (Canada and Europe)
• Deployable multi-array electrodes• Deployable multi-array electrodes

– Angiodynamics (RITA)
– Boston Scientific (Radiotherapeutics)

• Internally cooled electrode
– Covidien (Valleylab / Radionics)
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RFA Electrode Types

Boston Scientific Angiodynamics Covidien
Slide and Illustrations courtesy of David Lu, M.D., UCLA Medical Center



RFA Electrode Types

RITA XL

3.0 – 5.0 cm

-0.5 cm



RFA Electrode Types

LeVeen

2.0, 3.0, 3.5, 4.0, 5.0 cm

3.0, 3.5, 4.0 cm

-0.5 cm
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RFA Pre-procedural Requirements

• Review of radiographs
• Appropriate and suitable clinical history, physical 

examination and laboratory work (CBC with 
PLTS, BUN/CR and PT/PTT/INR)PLTS, BUN/CR and PT/PTT/INR)

• Pre-procedural consultation and informed consent
• Scheduled through Cross-Sectional Interventional 

Services at (310) 267-8750



RFA Intra-procedural Considerations

• Outpatient basis
• IV access and noninvasive monitoring
• Conscious sedation (Fentanyl, Morphine, Versed)

– Deep conscious sedation or general anesthesia– Deep conscious sedation or general anesthesia

• +/- IV antibiotic prophylaxis
• Local anesthesia with 1% xylocaine
• Application of grounding pads
• CT-guidance
• Tandem needle technique or variation



RFA Post-procedural Considerations

• Post-procedural nurse and physician assessment
• Limited or overnight admission for observation 

depending on clinical course and assessment
• Acceptable side effects• Acceptable side effects

– Reasonable patient discomfort as managed by 
conscious sedation

– Reasonable outcomes related to CT-guided RF 
electrode placement
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Lung Cancer Lung Metastasis
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Patient Characteristics Lesion Characteristics
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Radiofrequency Ablation Criteria

Selection criteria

Patient Characteristics
•High Risk•High Risk
•Limited Recurrence
•Cyto-reduction
•Local Control
•Refractory
•Patient Refusal

•Negative Imaging



RFA Patient Selection Criteria

• Mery et al. Chest 2005; 128:237-245
• Similar Long-term Survival of Elderly Patients 

with NSCLC Treated with Lobectomy or Wedge 
Resection within the SEER DatabaseResection within the SEER Database
– SEER database; 14,555 stage I /II NSCLC
– No curative (lobar or sublobar) resection

Age-groups No resection rate

All 15.7%

< 65 years 7.7%

65-74 years 14.1%

> 75 years 30.4%



RFA Patient Selection Criteria

• McGarry et al. Chest 2002; 121:1155-1158
• Observation-only Management of Early Stage, 

Medically Inoperable Lung Cancer: Poor Outcome
– 128 patients stage I/II– 128 patients stage I/II

• Surgery (43) Median survival 46.2 months
• Radiation (36) Median survival 19.2 months
• No treatment (49) Median survival 14.2 months

– No treatment group
• 14 refused treatment  
• Cause of death = cancer in 53% patients (compared 

to 43% after radiation)



RFA Patient Selection Criteria

• Kyasa et al. South Med J 2002; 95:1149-1152
• Characteristics and Outcomes of Patients with 

Unresected Early-Stage NSCLC
– 97 patients stage I/II NSCLC– 97 patients stage I/II NSCLC
– Cancer-specific therapy (rad/chemo) used in only 27
– Median survival 22 months for treated group
– Median survival 11 months for untreated group



RFA Patient Selection Criteria

• Wisnivesky et al. Chest 2005; 128:1461-1467
• Radiation Therapy for the Treatment of 

Unresected Stage I-II NSCLC
– Review of SEER database for stage I/II NSCLC– Review of SEER database for stage I/II NSCLC
– 30,790 patients identified, 4,357 patients no resection
– Compared radiation versus no therapy



RFA Patient Selection Criteria

• Wisnivesky et al. Chest 2005; 128:1461-1467
– Compared radiation versus no therapy

• Stage I (3,842)
– Median survival better with radiation
– 21 vs. 14 mos (p=0.0001) 

• Stage II (515)
– Median survival better with radiation
– 14 vs. 9 mos (p=0.001)

• Multivariate analysis: radiation associated with 
better lung cancer specific survival



Standard Therapies for Stage I NSCLC

• Lobar resection – “gold standard”
• Open / VATS approaches

• Sublobar resections
• Segmental / wedge resections 

Low-risk

• Segmental / wedge resections 
• Currently viewed as a compromise 

operation for high-risk patients

• External beam radiation High-risk

?RFA



RFA Patient Selection Criteria

• Thoracic Surgery evaluation, precluding 
resection 

• Limited recurrent disease following remission, 
as deemed appropriate by Oncology evaluationas deemed appropriate by Oncology evaluation

• Intrathoracic lymph nodes negative by imaging 
(CT and/or PET) and/or mediastinoscopy



RFA Patient Selection Criteria 
Limitations of Radiographic Staging

PET CT

References Patient # Sensitivity Specificity Sensitivity Specificity

Patz et al 1995 42 83 82 43 (1.0 cm) 85

Chin et al 1995 30 78 81 56 (1.5 cm) 86

Valk et al 1995 74 83 94 63 (1.0 cm) 73Valk et al 1995 74 83 94 63 (1.0 cm) 73

Sasaki et al 1996 29 76 98 65 (1.0 cm) 87

Sazon et al 1996 32 100 100 81 (1.0 cm) 56

Scott et al 1996 62 100 98 60 (1.0 cm) 93

Steinert et al 1997 47 93 99 72 (0.7-1.1) 94

Weighted averages 316 88 93 63 80
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References Patient # Sensitivity Specificity Sensitivity Specificity

Patz et al 1995 42 83 82 43 (1.0 cm) 85

Chin et al 1995 30 78 81 56 (1.5 cm) 86

Valk et al 1995 74 83 94 63 (1.0 cm) 73

Even in the best-case scenario, disease is likely to 
be under-staged by imaging alone

Valk et al 1995 74 83 94 63 (1.0 cm) 73
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RFA Patient Selection Criteria

• Incidence of lymph node involvement with tumors 
�  3 cm

Tumor Size 
(n=221)

LN Involvement (%) 5 yr Survival (%)

Ishida et al. Ann Thorac Surg 1990; 50:708-713.

(n=221)
� 1.0 cm 
(n=8)

0 80

1.1 - 2.0 cm 
(n=84)

17 74

2.1 - 3.0 cm 
(n=129)

37 51



RFA Patient Selection Criteria

• Peripheral (outer 2/3 
lung) cancers

• All patients had 

T size (n) Incidence 
of nodal 
metastases

Location as predictor of lymph node metastases

• All patients had 
surgical staging 

• Resection
• Mediastinoscopy

• Not all patients were 
clinical stage I

1 cm 
(25)

16%

1.1 - 2 cm 
(137)

18%

2.1 - 3 cm 
(109)

37%

Ketchedjian et al. J Thorac Cardiovasc Surg 2006; 132:544-548.



Goals of Ablation for NSCLC

• RF ablation provides only local control of cancer 
• Stage I NSCLC: RFA alone may be used with 

curative intent
• Stages II-IV: RFA should be combined with other • Stages II-IV: RFA should be combined with other 

therapies
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RFA Lesion Selection Criteria

• No solid or strict criteria currently exist



RFA Lesion Selection Criteria

• Number
• Size
• Shape
• Location
• Texture



RFA Lesion Selection Criteria

• Number
– Solitary
– Multiple < 5 in number

• Multifocal primary lung carcinoma• Multifocal primary lung carcinoma
• Metastatic carcinoma or sarcoma to lung

• Size
• Shape
• Location
• Texture



RFA Lesion Selection Criteria

• Number
• Size

– < 5 cm in longest diameter (< 3 cm)
– Confined within a single ablation zone– Confined within a single ablation zone

• Shape
• Location
• Texture



RFA Lesion Selection Criteria

• Lee et al. Radiology 2004; 230:125-134

• Percutaneous RF Ablation for Inoperable NSCLC 
and Metastases: Preliminary Report

• Materials and methods• Materials and methods
– 30 patients / 32 lung neoplasms / 27 1� carcinomas

– 0.5-12.0 cm range / 5.2 � 2.4 cm mean size
– Radionics
– Follow-up CE-CT immediate, 1d, 1, q3 months
– “Complete necrosis” 

• �  10 HU or non-enhancing area > index tumor



RFA Lesion Selection Criteria

• Results
– 12/32 (38%) CN and 20/32 (62%) residual tumor
– � 3 cm 6/6 (100%) CN versus > 3 cm 6/26 (23%) CN;    

p < 0.05p < 0.05
– Mean survival

• 19.7 months CN vs. 8.7 months; p < 0.01
• 18.6 months � 3 cm vs. 11.3 months; p = 0.09

– 18/30 (60%) patients died w/in 21 months (6.9 mean)



RFA Lesion Selection Criteria

• Number
• Size
• Shape

– Spherical vs. irregular– Spherical vs. irregular

• Location
• Texture



RFA Lesion Selection Criteria

• Number
• Size
• Shape
• Location

– Accessible via percutaneous transthoracic route
– No hilar and mediastinal extension (pleural)
– Non-contiguous with vital structures and organs, such 

as the trachea, esophagus, heart, aorta, and great 
vessels

• Texture



RFA Lesion Selection Criteria

• Number
• Size
• Shape
• Location

• Texture
Iguchi et al. J Vasc Interv Radiol 2007; 18:733-740.

1� Technique Effectiveness Rate 6 months 12 months 24 months

Overall 75.8% 45.9% 45.9%

A (0 mm) 42.9% 8.6% 0%

B (1-9 mm) 94.7% 69.3% 69.3%



RFA Lesion Selection Criteria

• Number
• Size
• Shape
• Location
• Texture

– Extremely dense or fibrotic lesions
– Mobile
– “Push back”1

1Steinke et al. AJR Am J Roentgenol 2004; 183:605-611.



Complications and Management 
RFA for Lung Tumors
2000-2006

Number of 
Publications

Patients Ablation 
Sessions

Total Primary Mets

49 824 348 476 1081

• Limitations
– Under-estimation of some complications in patients with 

NSCLC including:
• Air-leak related complications
• Adverse effects on pulmonary reserve

Slides courtesy of Kamran Ahrar, M.D.



Complications* Major Minor Total

Air Leak Related 111 (10.3%) 285 (26.4%) 396 (36.6%)

Effusion 8 (0.7%) 155 (14.3%) 163 (15.1%)

Hemorrhage Related 4 (0.4%) 66 (6.1%) 70 (6.5%)

Pain 0 86 (8%) 86 (8%)

Fever 0 34 (3.1%) 34 (3.1%)

Infections 24 (2.2%) 0 24 (2.2%)

Pulmonary function 4 (0.4%) 4 (0.4%) 8 (0.7%)

CNS Related 1 (0.1%) 7 (0.6%) 8 (0.7%)

Tumor Seeding 1 (0.1%) 0 1 (0.1%)

Excessive Necrosis 1 (0.1%) 0 1 (0.1%)

Pulmonary Embolus 1 (0.1%) 0 1 (0.1%)

Death 4 (0.37%) 0 4 (0.37%)

Total 159 (14.8%) 637 (58.9%) 797 (73.7%)

*  Number of complications reported per session, total of 1081 sessions
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RFA Methods for Follow-up

• Baseline chest CT (+ contrast nodule densitometry)

• Chest CT with contrast nodule densitometry
• Chest CT without contrast

• Positron Emission Tomography (PET)
• PET-CT

1Akeboshi et al. J Vasc Interv Radiol 2004; 15:463-470.
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Ablation Zone at 1, 4, 6 and 12 months post-RFA

Baseline 1 month 4 months 6 months 12 months
28 x 25 mm 63 x 48 mm 36 x 28 mm 24 x 21 mm 22 x 19 mm



Ablation Zone at 1, 4, 6 and 12 months post-RFA

Baseline 1 month 4 months 6 months 12 months
28 x 25 mm 63 x 48 mm 36 x 28 mm 24 x 21 mm 22 x 19 mm
(35.9 HU) (0.0 HU) (4.0 HU) (26.0 HU) (15.0 HU)



RFA Ablation Zone Tumor Progression

• Recurrent/progressive disease
– Growth at RFA site (WHO criteria) after 3(6) mos

– Increasing contrast enhancement at RFA site– Increasing contrast enhancement at RFA site
• > 50% baseline enhancement > 180 seconds
• Nodular enhancement > 15 mm (10 mm)
• Any central enhancement > 15 HU

– Regional or distant lymph node enlargement
– New sites of intrathoracic disease outside RFA site 

or treated lobe or extrathoracic locations



RFA Ablation Zone Tumor Progression

• Increasing contrast enhancement at RFA site
– > 50% or > baseline enhancement > 180 seconds
– Nodular enhancement > 15 mm (10 mm)
– Any central enhancement > 15 HU– Any central enhancement > 15 HU

1 month 4 months Baseline 4 months



Methods of Follow-up: 

1 monthBaseline 12 months 12 months

Methods of Follow-up: 
Progression

Baseline 12 months

Baseline 36 months 36 months36 months



RFA Methods for Follow-up

• Baseline chest CT (+ contrast nodule densitometry)

• Chest CT with contrast nodule densitometry
• Chest CT without contrast

• Positron Emission Tomography (PET)
• PET-CT

1Akeboshi et al. J Vasc Interv Radiol 2004; 15:463-470.
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PET PET 6 months



RFA Methods for Follow-up: FDG-PET

• May detect tumor progression earlier than CT1

– Follow-up PET at 2 months may predict tumor growth 
at RF site on CT at �  6 months

– Residual uptake or < 60% reduction of uptake relative 
to baseline at 2 months may be associated with tumor to baseline at 2 months may be associated with tumor 
progression/recurrence

• Progressive 69.6% 2.61 SUV
• Non-progressive 38.7% 1.05 SUV

p < 0.01 p < 0.01

1Okuma et al. Ann Nucl Med 2006; 20:115-121.



Initial RFA Initial SUV = 7.0

2 months

2 months SUV = 4.5

6 months

1Okuma et al. Ann Nucl Med 2006; 20:115-121.



RFA Methods for Follow-up

• Baseline chest CT (+ contrast nodule densitometry)

• Chest CT with contrast nodule densitometry
• Chest CT without contrast

• Positron Emission Tomography (PET)
• PET-CT

1Akeboshi et al. J Vasc Interv Radiol 2004; 15:463-470.
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RFA Results

• Pulmonary RFA: Long-term safety and efficacy in 
153 patients1

– Local control group (n = 132)
• 71 patients with stage I NSCLC

– 56 (75%) with stage IA (�  3 cm)
– 19 (25%) with stage IB (> 3 cm)

• 57 patients with metastatic cancer
– Symptom palliation group (n = 21)

– Overall survival and local tumor progression-free rates
• 1, 2, 3, 4 and 5 years

1Simon et al. Radiology 2007; 18:1264-1269.
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RFA Results

• Pulmonary RFA: Long-term safety and efficacy in 
153 patients1

– Local control group (n = 132)
• 71 patients with stage I NSCLC

– Overall survival rates: stage IA versus IB– Overall survival rates: stage IA versus IB

1Simon et al. Radiology 2007; 18:1264-1269.

82% 62% 36% 26% 26%

1-year 2-year 3-year 4-year 5-year

72% 40% 40% 40% 40%

IA: Median time to death = 30 months
95% CI: 22 – 38 months
IB: Median time to death = 25 months
95% CI: 14 - 36 months

p = 0.578



RFA Results

• Pulmonary RFA: Long-term safety and efficacy in 
153 patients1

– Local control group (n = 132)
• 71 patients with stage I NSCLC

– Local tumor progression-free rates: �  3 cm vs. > 3 cm– Local tumor progression-free rates: �  3 cm vs. > 3 cm

1Simon et al. Radiology 2007; 18:1264-1269.

83% 64% 57% 47% 47%

1-year 2-year 3-year 4-year 5-year

45% 25% 25% 25% 25%

�  3 cm: Median time to progression = 
45 months
> 3 cm: Median time to progression = 
12 months

p < 0.002



RRadiofrequencyadiofrequency AAblation ofblation of PPulmonaryulmonary
TUTUmorsmors RResponseesponse EEvaluationvaluation
((RAPTURERAPTURE) Trial) Trial

Study Sites:Study Sites:

PI: Riccardo Lencioni, MD, Pisa, ItalyPI: Riccardo Lencioni, MD, Pisa, Italy

Study Sites:Study Sites:

University of Pisa, Pisa, Italy University of Pisa, Pisa, Italy 
UCLA, Los Angeles, CA, USAUCLA, Los Angeles, CA, USA
Middlesex Hospital, London, UKMiddlesex Hospital, London, UK
University Hospital, Essen, GermanyUniversity Hospital, Essen, Germany
University Hospital, MUniversity Hospital, M�� nich, Germanynich, Germany
Saint George Hospital, Sydney, AustraliaSaint George Hospital, Sydney, Australia
Cancer Research Institute, Candiolo, ItalyCancer Research Institute, Candiolo, Italy



RFA Results

• Nonsmall cell lung carcinoma : RAPTURE trial1

NSCLC (n = 33) CRC (n = 53) Other (n = 20) Total (n = 106)

Gender (F : M) 8 : 25 16 : 37 12 : 8 36 : 70

Age (median) 67 63 70 66

Mean # Tumors 1.2 (0.4) 2.2 (1.6) 1.3 (0.7) 1.7 (1.3)Mean # Tumors
Total 

1.2 (0.4)
38

2.2 (1.6)
119

1.3 (0.7)
26

1.7 (1.3)
183

Mean Tumor Size (cm)
Range (cm)

2.2 (0.7)
0.7 – 3.0

1.4 (0.7)
0.5 – 3.4

2.1 (0.7)
0.8 – 3.4

1.7 (0.8)
0.5 – 3.4

11Lencioni et al. Lancet Oncol 2008; 9:621Lencioni et al. Lancet Oncol 2008; 9:621--628.628.
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RAPTURERAPTURE11: Overall Survival: Overall Survival
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RFA Lung Preservation

• Nonsmall cell lung carcinoma : RAPTURE trial1 (n = 22)

baseline 1 month 3 months 6 months 12 months

FEV, L 1.9 (0.9) 1.7 (1.1) 1.7 (0.9) 1.6 (0.9) 1.5 (0.7)

FEV %,  
predicted

68.8 (26.9) 65.3 (24.6) 71.0 (27.2) 62.5 (18.5) 63.4 (20.7)

11Lencioni et al. Lancet Oncol 2008; 9:621Lencioni et al. Lancet Oncol 2008; 9:621--628.628.

predicted

FVC, L 2.9 (0.9) 2.6 (1.1) 2.8 (0.8) 2.7 (0.9) 2.7 (1.0)

FVC %,  
predicted

82.4 (18.1) 77.2 (16.2) 82.0 (19.5) 76.7 (12.4) 74.5 (18.3)
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RFA Results

Modality 5-year survival
Stage I NSCLC

Local Recurrence
(most within 2 years)

Lobar 
resection

60-80% 6.4% 

Sub-lobar 60-70% 17.2%Sub-lobar 
resection

60-70% 17.2%

Image-guided 
ablation

27% 14-35-42%1,2,3

External beam 
radiation

5-20% 50-55% 

11Lencioni et al. Lancet Oncol 2008; 9:621Lencioni et al. Lancet Oncol 2008; 9:621--628.628.
22Hiraki et al. J Thorac Cardiovasc Surg 2007; 134:1306Hiraki et al. J Thorac Cardiovasc Surg 2007; 134:1306--1312.1312.
33Pennathur et al. J Thorac Cardiovasc Surg 2007; 134:857Pennathur et al. J Thorac Cardiovasc Surg 2007; 134:857--864.864.



RFA Results

Modality 5-year survival
Stage I NSCLC

Local Recurrence
(most within 2 years)

Image-guided 
ablation

27% 14-35-42%

Ablation and ? 11.8% (< 3 cm)Ablation and 
radiation1

?
(57.1% 3 years)

11.8% (< 3 cm)
33.3% (�  3 cm)

11Greico et al. J Vasc Interv Radiol 2006; 17:1117Greico et al. J Vasc Interv Radiol 2006; 17:1117--1124.1124.
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RFA Considerations

• Good risk patients
– ? 1 cm ground glass opacity (GGO)

• Probably bronchoalveolar carcinoma
• Unlikelihood of lymph node metastasis
• Limited resection justified1• Limited resection justified1

1Asamura et al. Ann Thorac Surg 2003; 76:1016-1022.



RFA Considerations

• Good risk patients
• Intermediate risk patients

– ? Cancers where lobectomy would be the only 
resection option

• Middle 1/3 or central cancers not abutting the mediastinum

– ? 75 years or older with peripheral NSCLC �  1 cm 
• Incidence of lymph node metastases ~5-7%1

• Same survival with sub-lobar versus lobar resection2

1Miller et al. Ann Thorac Surg 2002; 73:1545-1550.
2Mery et al. Chest 2005; 128:237-245.



RFA Inoperable Lung Cancer
Conclusion

• RFA is a safe therapeutic option to provide local 
control of NSCLC.

• RFA is a therapeutic option for high-risk patients 
with NSCLC with encouraging mid- and now with NSCLC with encouraging mid- and now 
long-term results.

• Future studies comparing RFA to surgery for 
sub-groups with intermediate or low-risk may be 
appropriate.

• Diligent and rigorous follow-up is required.




