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 Since the first pulmonary resections in the early 20th 
century, pneumonectomy and lobectomy were considered 
the standard operations for lung cancer;

 Sublobar resection emerged as attractive option – three-fold 
local recurrence (Lung Cancer Study Group);

 Sublobar resections (wedge resection or segmentectomy): for 
patients at increased risk for morbidity and mortality after 
lobectomy that can still tolerate a smaller pulmonary 
resection.

 Best chance of cure in early stage disease
 Benefitial in limited pulmonary metastases

Churchill ED, et al. J Thoracic Cardiovasc Surgery 1950;20:349-65
Ginsberg RJ, et al. Ann Thorac Surg 1995;60(3):613-22

Warren WH. J Thorarc Cardiovsc Surg 1994;107(4):1087-1093
Landreneau RJ. J Thorac Cardiovasc Surg 1997; 113(4):691-8

Abbas G, et al. J Surg Oncol 2009; 100:645-50
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 Despite the availability of surgical resection and advances in minimally invasive 
surgical many patients with thoracic malignancies have little recourse other 
than the modest therapeutic benefits of chemotherapy and/or RT;

 Many of these patients are not surgical candidates because of their poor 
cardiopulmonary function, advanced age, or other medical comorbidities.

 Percutaneous ablations treatments are now proving to be an important tool in 
the treatment of primary and secondary lung neoplasms. 

 Image-guided thermal ablation offers clinicians and patients a repeatable, 
effective, low-cost, and safe treatment for effective palliation and, in some 
cases, cure of both primary and metastatic thoracic malignancies either before 
or concurrently with systemic therapy and RT 
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 COORDINATING CENTER:

 Università dell’Insubria ed A.O. 
Ospedale di Circolo e Fondazione 
Macchi ,Varese , Prof. Gianpaolo 
Carrafiello.

LUMIRA TRIAL

Radiofrequency ablation versus microwave ablation 
in the treatment of primary and secondary 

neoplasms of the lung: randomized trial

RFA vs MWA
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Radiofrequency ablation versus microwave ablation in the treatment of primary and 
secondary neoplasms of the lung: randomized trial
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Francesco Pinna
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Mario Nosotti
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Carmignani

 Azienda Ospedaliera Sant’Anna 
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Giuseppe Belfiore
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Croce e Carle,Cuneo - Dr. 
Maurizio Grosso

 Cariggi Hospital, Firenze - Dr. 
Ernesto Mazza

 U.K.
 Royal Brompton and 

Harefield NHS 
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LUMIRA TRIAL

RFA vs MWA
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“inclusion criteria are set to define the 
population believed most likely to benefit 

from the experimental therapy and 
therefore eligibile for treatment under 

the research protocol”

Patient selection
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Patient selection
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Tecnology LEVEL of EVIDENCE Literature Review
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 Clinical
 Imaging

PERCUTANEOUS ABLATIONS
Criteria

Patient selection
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3 scenarios

Definitive 
Therapy

Complementary
to Other

Therapies

Palliation

PERCUTANEOUS ABLATIONS
Clinical Criteria

Patient selection
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Definitive 
Therapy1st Scenario

 Stages I or II with clinical comorbidities
 RFA can guarantee survival comparable to surgery for Stage I

 Stages I or II when the patient refuses Surgery
 Limited number of metastases

Hiraki T, et al. BioMed Research Int 2014
Vogl TJ, Eur J Radiol 2011;77(2):346-57

Casal RF, et al. Clin Chest Med 2010;31:151-163
De Baère T, et al. Cardiovasc Intervent Radiol 2010;34(2):241-51

Kim SR. Eur J Radiol. 2012 Feb;81(2):395-9

Clinical Criteria

Patient selection
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Definitive Therapy
Patient selection
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 More favorable in:
 Solitary rather than multiple metastases
 Metachronous rather than syncronous metastases
 Colorectal rather than other primary tumors
 Safe and minimally invasive
 Local progression rate is particularly high for tumors > 3 cm
 Better survival for small metastasis, low carcinoembryonic antigen 

levels, and/or no extrapulmonary metastasis

Fergusin J, et al. EJSO 2015
Hiraki T, et. World J Gastroenterol 2014; 20(4):988-96

Vogl TL. Eur J Radiol 2011; 77: 346‐57

Criteria for Metastases
Patient selection
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Persistent, solitary, peripheral focus after  
definitve Radiation and Chemotherapy  

Complementary
to Other

Therapies
2nd Scenario

Wei Z, et al. Cardiovasc Interv Radiol 2014 May 9 [Epub ahead of print]
Li X, et al. AJR Am J Roentgenol 2013; 201(6):1362-7

Abbas G, et al. Surg Oncol 2009;100(8):645-50

Clinical Criteria
Patient selection
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Complementary to Other Therapies: Resection

Metastasis 
Recurrence  from 

Cholangiocarcinoma

Patient selection
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Complementary to Other Therapies: Chemotherapy
Patient selection
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Complementary to Other Therapies: Chemotherapy
Patient selection
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Chest wall pain
Plexus Involvement
Hemoptysis
Dyspnea

Palliation3rd Scenario

Hamamoto S, et al.BMC Research Notes 2014; 7:765
Simon CJ, et al. Radiology 2007;243(1):268-75

VanSonnenberg E, et al. AJR Am L Roentgenol 2005;184(2):381-90

Clinical Criteria

Patient selection
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Palliation for Pain Reduction
Patient selection
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Relative contraindications:
 Poor lung function: FEV1<1L – respiratory failure is much more 

likely to occur
 Pacemaker: electrical current can result in thermal injury; 

feasible if lesion is remote from the wires and the pacemaker is 
switched off during the procedure

 Presence of a coagulopathy: the procedure should not be 
performed if INR>1.8 and platelets < 50x10³/μL

 Single lung: higher risk for post-ablation pneumonia 
(soministrate steroids)

Sofocleus CT, et al. Radiol Med 2014; 119:541-48.
Roy AM. Curr Probl Diagn Radiol 2009;38(1):44-52.

Dupuy DE. Radiology 2011; 260(3): 633-55.
Sofocleous CT, et al. AJR 2011; 197: W581-89.

Clinical Criteria: Exclusion
Patient selection
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 Contraindications:

 Pulmonary hypertension
 Malignant Effusion

Abbas G, et al. Surg Oncol 2009;100(8):645-50

Clinical Criteria: Exclusion

Patient selection
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1) Lesion Size
2) Lesion Localization
3) Maximum number of lesions/lung

Feasibility
Predictivity

Imaging Criteria

Patient selection
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 Lesion maximum diameter
 <5 cm; < 7 cm; it’s accepted that is not possible to achieve 

complete ablation for lesions > 3,5 cm  with RFA, even with 
mutiple ablations

 < 3cm – ideal diameter
 MWA – to prefer for lesions > 3 cm (multiple antenna)

1) Size

Smith S.L., et al. BJR 2015
Carrafiello G, et al. Int J Surg 2008;6:65-9 

Vogl TJ, et al. Eur J Radiol 2011;77(2):346-57 
De Baère T, et al. Cardiovasc Intervent Radiol 2010;34(2):241-51

Roy AM. Curr Probl Diagn Radiol 2009;38(1):44-52
Gillams AR. BMJ 2007;334(7602):1056-7

Gillams AR. Cancer Imaging 2008;8 Spec No A:S1-5

Imaging Criteria

Patient selection
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 Careful with lesions close to large vessels, heart or trachea
 To avoid lesions < 1cm from hilum
 Iguchi et al. – 42 cases at < 10 mm from heart or  aorta without 

any complications
 MWA is better in those cases

 Care in single lung: higher risk in developing postablation 
polmonitis (steroid administration during procedure)

2) Localization

LeVeen RF. Semin Inter Radiol 1997; 14:313-24
Wolf F et al   Radiology 2008;247:871-79 

Gómez FM, et al. Clin Transl Oncol 2009;11(1):28-34
Lee JM, et al. Eur Radiol 2003;13: 2540-7

Gillams AR, et al. Cardiovasc Intervent Radiol 2005;28:476-80
Vogl T, et al Eur J Radiol 2011;77:346-57

Imaging Criteria
Patient selection
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Close to heart

Pre

During
5 months follow-up

Patient selection
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3) Maximum number of
lesions/ lung

Gillams AR. Cancer Imaging 2008;8 Spec No A:S1-5Abbas G, et al. J Surg Oncol 2009; 100:645-50

If ≤ 5 cm

Maximum of 5 
lesions/lung

If more than 5 
lesions

Maximum of 9 
lesions/lung

The biggest < 4cm

< 3 
lesions/lung

Imaging Criteria
Patient selection
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 Primary Cancer controlled. No extrapulmonary disease.

Multiple Lesions: Metastases

Bilateral RCC metastases  

Patient selection
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Before treatment 
Cea 124
C.A 19.9   51  

24/03/2015 
Cea   7
C.A. 19.9   28

 Primary Cancer controlled. No extrapulmonary disease. 
Patient selection Multiple Lesions: Metastases
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Alexander ES, et al. Semin Interv Radiol 2013; 30:141-50
Alexander ES, et al. J Vasc Interv Radiol 2012; 23(9):1236-40

 High-risk surgical candidates
with early stage lung cancer

 Small oligonodular tumor or 
favorably located metastases

 Without any hilar,  
mediastinal nodal or 
extrathoracic involvement

The Ideal Candidate

 Patients seeking for 
palliative measures for 
tumor-related symptoms
or who have a recurrent
thoracic malignancy
within appropriate 
treatment fields

Patient selection
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 Patient selection
 Imaging Guidance
 Technology
 Complication Management
 Follow up 
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ThermoAblation
PLANNING

ThermoAblation
GUIDANCE

COMPLICATION
CONTROL/MANAGEMEN

T

ThermoAblation
CONTROL

Imaging Guidance
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The lungs provide a unique environment for 
ablation under computed tomographic (CT) 

guidance. 

.

Semin Intervent Radiol 2013;30:151–156De Baere et al.

there is an excellent contrast ratio between tissue of the 
targeted tumor, aerated lung, and the metal of the needle, 
which is enhanced by the ability to provide multiplanar 
imaging for accurate evaluation of needle placement and 

electrode deployment

Imaging Guidance
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 CT: no real time imaging

 FLUORO CT: more similar to    
real time imaging, opportunity of electrode
repositioning, BUT high operator dose radiation

Imaging Guidance
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Advantages C-arm Cone Beam CT Guidance

 Pathway Guidance

 Prediction of Ablation Area

 Evaluation of Ablation Area

 Immediate CT control

 Immediate Problem Solving

• XperCT (Dualphase)
• Xperguide
• Predictability

software
• Overlay

Imaging Guidance: UPDATE
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• 7 Patients with lung tumor treated 
with RFA or MWA were selected and 
treated on the basis of the 3D CBCT 
fusion imaging;
• In all cases the volume of ablation 
predicted was in accordance with that 
obtained.

Imaging Guidance: UPDATE
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Imaging Guidance: UPDATE
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 Site-specific differences favor lung tumors for energy 
deposition due to heat insulation and low electric conductivity 
provided by aerated lung around the tumor. 

 It has been demonstrated that a given quantity of 
radiofrequency current produces a larger volume of ablation 
in the lung than in subcutaneous tissues or in kidney. 

Semin Intervent Radiol 2013;30:151–156De Baere et al.

Tecnology
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 Closed circuit (current flow through the patient)
 Heat production by current flow within the needle-electrode

HEAT SINK EFFECT:
Heat disspation by tissue 

perfusion

Carrafiello G. Int J Sur 2008

RFA
 Tumoral tissue heating (60 to 100°C)
 Cell death (thermocoagulation necrosis)

Molecules ionic collisions 

Heat production 
(coagulative necrosis)

Tecnology
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De Baere, et al. Semin Intervent Radiol 2013; 30:151-56

RFA & NSCLC
Tecnology LEVEL of EVIDENCE
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RFA & MTSTecnology LEVEL of EVIDENCE
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RFA & NSCLCTecnology LEVEL of EVIDENCE

Carrafiello et al. CVIR in press
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 Antenna creates an electromagnetic field (Frequency 900-
2450 MHz) 

 NO current flow through the patient (no grounding pad)

Agitation of water molecules 

Heat generation

Friction force caused by ater molecules collision

 Tumoral tissue heating (65-160°C)
 Cell death (thermocoagulation necrosis)

Tecnology MWA
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MWATecnology LEVEL of EVIDENCE

Carrafiello et al. CVIR in press
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 Higher intra-tumoral temperatures
 Superior ablation volumes 
 Smaller ablation times
 Possibility of using multiple antennas
 Optimal heating of cystic masses 
 Doesn’t require grounding pad
 Less intraprocedural pain 
 No heat sink effect

MWA VS RFA: MWA Advantages
Tecnology

Termoablazione dei tumori polmonari

Carrafiello et al. Int J Surg. 2008;6 Suppl 1:S65-9. 



Tecnology LEVEL of EVIDENCE
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Cell rupture

Cryoablation

Chen, et al. J Chin Med Assoc 2013; 76:303-11
Hoffmann NE, et. Urology 2002;60:40e9

Water diffuses from the intracellular space into the extracellular space

Hypotonic condiction 
+ Hyperemic response

Cell shrinking and cell membranes damaging + vascular injury

 Freezing temperature (-20°C) destroying tissue
 Modern systems: alternative cycles of freezing and thawing

Thawing 
(20-40°C)

Aggregation of platelets  + 
Thrombosis

Uniform necrosis
of the tissue

Tecnology
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Long axis area

Short axis area
= 1 Long axis area

Short axis area
> 1 

Tecnology UPDATE
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+ =

The Thermosphere system achieves this by being the first and only ablation system
to employ three kinds of control to maintain a precise, predictable, spherical
ablation zone throughout procedures.

Tecnology UPDATE
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SAFER MARGINS• PRECISE 
• PREDICTABLE
• SPHERICAL

ABLATION ZONE • less recurrences

• less complications

Technology Improvements
Tecnology UPDATE
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• Male, 67 yo
• Lung; Right Upper Lobe
• CRC Metastasis
• Extension of Disease

100 Watt 2:30 30mm

Tecnology UPDATE
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Post Procedural CBCT

1 month FU CT

1 month FU CT

Tecnology UPDATE
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 Mild o moderate post procedural pain
 Mild dyspnea
 Fever < 38°C

Yang X, et al. J Surg Oncol 2014 Jun 25. [Epub ahead of print]
Hiraki T, et al. World J Gastroenterol 2014; 20(49):988-96

Hiraki T, et al. Semin Intervent Radiol 2013; 30:169-75
Carrafiello G, et al. Radiol Med 2012;117:201–13

Alexander ES, et al. J Vasc Interv Radiol 2012; 23(9):1236-40
Mali B, et al. Med Biol Eng Comput 2008;46(8):745–57

COMPLICATIONS

during the 2 to 7 days following ablation 

 Most common complication: Pneumothorax
 Occurs > 50% of procedures (11-52%)
 Chest tube placement required  in 6-29% of the cases

 Pleural effusion 6-19%
 Parenchymal hemorrhage – hemoptysis in 3-9%
 Others: 

 Bronchopleural fistula
 Pulmonary artery pseudoaneurysm 
 Needle Tract Seeding
 Thermal injuries to nearby structures
 Pneumonitis
 Systemic Air Embolism

Post-ablation Syndrome
Fever (<38,5°C)
Fatigue
General malaise
Nausea
Vomiting

Complications
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COMPLICATIONS
Complications

 Safety evaluation shows that 
the 30-day mortality rate (0%) 
after MWA is markedly lower 
than after RFA (3.9%) or after 
surgery (2.0%) 

 MWA appears to be 
associated with a lower 
complication rate than RFA. 

 Further studies with larger 
patient populations and more 
treatments should be done in 
order to confirm our 
preliminary results. 
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Manual aspiration

Manual aspiration during ablation should 
be considered as a valuable option for thin 
pneumothoraces to avoid excessive coagulation of 
atelectatic lung parenchyma during energy 
application.

PNEUMOTHORAXComplications
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PNEUMOTHORAX

Manual aspiration

Complications
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PNEUMOTHORAX
Complications
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 Incidence of intraparenchymal pulmonary 
hemorrhage, pleural effusion and hemoptysis were 
17.7% (44/248 sessions), 4% (8/248 sessions), and 
16.1% (40/248 sessions), respectively;
 Death because of massive bleeding occurred in one 

session (0.4%).

Eur Radiol 2011;21:197-204

HEMORRHAGE
Complications
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COMPLICATION: HEMORRHAGE
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Ablation   
=  

Coagulation
KEEP CALM

AND
DON’T STOP
ABLATING !!!

Pai M, et al. Dig Surg 2012;29(1):43-7

than just…

HEMORRHAGE
Complications
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+ 1 day + 1 week 

COMPLICATION: HEMORRHAGE
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Complications
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 Ground-glass opacificacion
 Wrinkling of tumor edges
 Vaporization
 “Cockade phenomenon”
 Cavitation (25%) – related to areas that vastly 

exceed the pretreatmenr tumor size

RFA MWA
Immediate

1 month

2-6 months

CT Scan

 Lesion consolidated and/or nodular 
with diamater > preablation size;  
cavitations or bubble lucencies

 No change or  size increseament (for CR)
 PR = CR
 Pleural thickening
 CR = decrease in contrast enhancement

 Hazy ground-glass opacificacion, extended
 Wrinkling of tumor edges
 Vaporization
 “Cockade phenomenon”
 Cavitation (25%) – related to areas that vastly 

exceed the pretreatmenr tumor size

Immediate

1, 3, 6 months
 Ablation zone increases in size (thermal changes 

to the surrounding lung tissue)
 Follows  a persistent reduction in lesion 

diameter, consistent with consolidation
 Cavitary changes (inverse relationship to 

cancer-specific mortality)
 Pleural thickening 

Alexander ES, et al. Semin Interv Radiol 2013; 30:141-50
De Baère T, et al. Radiology 2006;240(2):587–596

Gadaleta C, et al.AJR Am J Roentgenol 2004;183(2):361–368

Complications

Termoablazione dei tumori polmonari



RFA and MWA

Alexander ES, et al. Semin Interv Radiol 2013; 30:141-50
De Baère T, et al. Radiology 2006;240(2):587–596

Gadaleta C, et al.AJR Am J Roentgenol 2004;183(2):361–368

PET Scan

 Decrease or complete absence of PET activity – CR
 Residual or recurrent tumors tend to exhibit PET 

uptake ( peripheralmargins of the tumor)
 False-positive PET uptake within the first 6 months 

of  ablation (inflammatory reaction) 

Complications
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 Correct  Patient  Selection

 Pre and Intra Procedural Assessment

 Best Operator  Imaging 

 Technology: evaluation of lesion caractheristics

 Complications: ability to manage
(learning curve  to avoid them!)

 Correct Timing and technique of Imaging Follow up

Take Home Messages
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Thank you
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