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BackgroundBackgroundBackground Background 

Pulmonary Tumor AblationPulmonary Tumor Ablation
 2020--25% patients with NSCLC present 25% patients with NSCLC present p pp p

with localized disease with localized disease 
 Stage I, II and Stage I, II and IIIaIIIa  surgical resectionsurgical resection

 RFA is a safe and valuable RFA is a safe and valuable txtx optionoption
 Most widely used ablative modalityMost widely used ablative modalityy yy y
 Surgically Surgically unresectableunresectable
 Medically inoperableMedically inoperable
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 Advantages of microwave ablationAdvantages of microwave ablation
 HotterHotter
 FasterFaster
 ↓ ↓ Heat sinkHeat sink
 No grounding padsNo grounding pads
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HeatHeat↑↑ Kinetic Kinetic 
EnergyEnergyEnergy Energy 
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Dielectric Dielectric 
A li dA li d Properties of Properties of 

TissuesTissues

Applied Applied 
ConditionsConditions PermittivityPermittivity

Physical ElementsPhysical ElementsPhysical ElementsPhysical Elements
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Tumor Permittivity Feedback ControlTumor Permittivity Feedback Control

“Temperature Control”“Temperature Control”Temperature Control  Temperature Control  
ModeMode

Power 10Power 10--32 Watts32 Watts Frequency 902Frequency 902--928 MHz928 MHz
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Maximize energy deposition within tumorMaximize energy deposition within tumor
++

Minimize the reflectivity/reverse powerMinimize the reflectivity/reverse power
++

HotterHotter intraintra--tumoraltumoral temperatures temperatures 
with penetration with penetration 

into surrounding aerated lung tissueinto surrounding aerated lung tissueg gg g

Oncologic resection margin (1cm)Oncologic resection margin (1cm)



Materials & MethodsMaterials & MethodsMaterials & Methods Materials & Methods 

Study DesignStudy Design
 Prospective studyProspective study Prospective studyProspective study

 Ablate and Ablate and ResectResect ProtocolProtocol

IRB approvedIRB approved IRB approvedIRB approved
 HIPPA compliantHIPPA compliant
 10 consecutive patients at our institution10 consecutive patients at our institution

 Inclusion Criteria Inclusion Criteria 



Materials & MethodsMaterials & MethodsMaterials & MethodsMaterials & Methods

PatientsPatients
 Surgical resection of a biopsySurgical resection of a biopsy--proven proven Su g ca esect o o a b opsySu g ca esect o o a b opsy p o ep o e

pulmonary malignancypulmonary malignancy
 PrePre--operative staging CT and PEToperative staging CT and PET--CTCT PrePre operative staging CT and PEToperative staging CT and PET CTCT
 Informed consent obtained prior to Informed consent obtained prior to 

enrollmentenrollmentenrollmentenrollment



Materials & MethodsMaterials & MethodsMaterials & MethodsMaterials & Methods

PatientsPatients
 March 2009March 2009 –– January 2010January 2010 March 2009 March 2009 January 2010January 2010
 10 patients (6 male, 4 female)10 patients (6 male, 4 female)

M 71 ( 52M 71 ( 52 82)82) Mean age 71 years (range, 52Mean age 71 years (range, 52--82)82)
 Underwent intraUnderwent intra--operative MWA of a operative MWA of a 

resectableresectable pulmonary malignancypulmonary malignancy
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EndometrialEndometrial

5 pts5 pts
AdenoCaAdenoCa

MetsMets

ColorectalColorectal

Primary DiseasePrimary Disease
3 pts3 pts3 pts3 pts
SCCSCC
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TumorsTumors
 Mean maximum tumor diameter 2 4cmMean maximum tumor diameter 2 4cm Mean maximum tumor diameter 2.4cm Mean maximum tumor diameter 2.4cm 

 range, 0.9range, 0.9--5.0cm5.0cm

Mean tumor volume 8 6cmMean tumor volume 8 6cm33
 Mean tumor volume 8.6cmMean tumor volume 8.6cm33

 range, 0.4range, 0.4--53cm53cm33
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Ablate & Ablate & ResectResect ProtocolProtocol
 Initial consultation Initial consultation 
 IntraIntra--OpOp

GETAGETA GETA GETA 
 ThoracotomyThoracotomy with tumor exposurewith tumor exposure

Aeration of lung tissue via doubleAeration of lung tissue via double lumen ETlumen ET Aeration of lung tissue via doubleAeration of lung tissue via double--lumen ETlumen ET
 MWA and AirMWA and Air--leak testingleak testing

Standard Resection (wedge orStandard Resection (wedge or lobectomylobectomy)) Standard Resection (wedge or Standard Resection (wedge or lobectomylobectomy))

 Pathologic analysisPathologic analysis



Materials & MethodsMaterials & MethodsMaterials & MethodsMaterials & Methods

MWA TechniqueMWA Technique
 Straight 14 Gauge 4cm active tip MWStraight 14 Gauge 4cm active tip MW Straight, 14 Gauge, 4cm active tip MW Straight, 14 Gauge, 4cm active tip MW 

antennaantenna
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MWA AntennaMWA Antenna

Cutting TipCutting Tip

Reflectivity and Temp SensorReflectivity and Temp SensorAntennaAntenna
Cutting TipCutting Tip
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MWA TechniqueMWA Technique

Tumor Permittivity Feedback ControlTumor Permittivity Feedback ControlTumor Permittivity Feedback ControlTumor Permittivity Feedback Control
 “Temperature Control Mode”“Temperature Control Mode”

 Power 10Power 10--32 Watts32 Watts
 Energy efficient designEnergy efficient design

F 902F 902 928 MH928 MH Frequency 902Frequency 902--928 MHz928 MHz
 Target Temp 110Target Temp 110--120  120  ・・C C 

 Single 10 minute ablationSingle 10 minute ablation



Materials & MethodsMaterials & MethodsMaterials & MethodsMaterials & Methods

Pathologic Analysis of Pathologic Analysis of ResectedResected SpecimensSpecimens
 Gross inspection and sectioningGross inspection and sectioningGross inspection and sectioning Gross inspection and sectioning 

 Maximum diametersMaximum diameters
 ProlateProlate ellipse volumetric estimationsellipse volumetric estimations ProlateProlate ellipse volumetric estimationsellipse volumetric estimations

 H & E stainingH & E staining
C ll l d th fi d ith NADHC ll l d th fi d ith NADH Cellular death confirmed with NADH Cellular death confirmed with NADH 
assaysassays
 + staining = mitochondrial enzymatic + staining = mitochondrial enzymatic 

activity, cellular viability activity, cellular viability 



Results: Gross AnalysisResults: Gross AnalysisResults: Gross Analysis Results: Gross Analysis 

Ablation Zone Characteristics:Ablation Zone Characteristics:
 Ablation zone measurementsAblation zone measurements Ablation zone measurementsAblation zone measurements

 Grossly measurable in 5 Grossly measurable in 5 resectedresected specimensspecimens
Mean maximum diameter 4 8cmMean maximum diameter 4 8cm Mean maximum diameter 4.8cm Mean maximum diameter 4.8cm 
 (range, 3.0(range, 3.0--6.5)6.5)

Mean volume 15 1cmMean volume 15 1cm33
 Mean volume 15.1cmMean volume 15.1cm

 (range, 7.3(range, 7.3--25.1)25.1)



Results: Gross AnalysisResults: Gross AnalysisResults: Gross AnalysisResults: Gross Analysis

Ablation Zone CharacteristicsAblation Zone Characteristics
 Pleural retractionPleural retraction Pleural retractionPleural retraction

5.0cm,  SCC5.0cm,  SCC



Results: Gross AnalysisResults: Gross AnalysisResults: Gross Analysis Results: Gross Analysis 

Ablation Zone CharacteristicsAblation Zone Characteristics
 Hyperemic ellipsoid zone of coagulationHyperemic ellipsoid zone of coagulation Hyperemic ellipsoid zone of coagulation Hyperemic ellipsoid zone of coagulation 

necrosisnecrosis

2.5cm,  2.5cm,  AdenoCaAdenoCa



Results: H & E AnalysisResults: H & E AnalysisResults: H & E AnalysisResults: H & E Analysis

Ablation Zone CharacteristicsAblation Zone Characteristics
 H & E staining of all specimensH & E staining of all specimensH & E staining of all specimensH & E staining of all specimens
 Coagulation necrosis:Coagulation necrosis:

Loss of cellular architectureLoss of cellular architecture Loss of cellular architectureLoss of cellular architecture
 No discernable membraneNo discernable membrane

Amorphous cytoplasmAmorphous cytoplasm Amorphous cytoplasmAmorphous cytoplasm
 Nuclear changesNuclear changes

2.5cm,  2.5cm,  AdenoCaAdenoCa



Results: H & E AnalysisResults: H & E AnalysisResults: H & E AnalysisResults: H & E Analysis

Ablation Zone CharacteristicsAblation Zone Characteristics
 Coagulation necrosis:Coagulation necrosis:Coagulation necrosis:Coagulation necrosis:

2.6cm,  CRC Met2.6cm,  CRC Met



Results: H & E AnalysisResults: H & E AnalysisResults: H & E AnalysisResults: H & E Analysis

Ablation Zone CharacteristicsAblation Zone Characteristics
 CytotoxicCytotoxic heating ofheating of periperi--tumoraltumoral aeratedaeratedCytotoxicCytotoxic heating of heating of periperi tumoraltumoral aerated aerated 

pulmonary parenchymapulmonary parenchyma

2.6cm,  Endometrial Met2.6cm,  Endometrial Met



Results: NADH AnalysisResults: NADH AnalysisResults: NADH AnalysisResults: NADH Analysis

Ablation Zone CharacteristicsAblation Zone Characteristics
 NADH Staining AssaysNADH Staining Assays NADH Staining AssaysNADH Staining Assays

 6 specimens6 specimens
Confirming complete lack of viabilityConfirming complete lack of viability Confirming complete lack of viability Confirming complete lack of viability 
 ablation zonesablation zones
 aerated pulmonary parenchymaaerated pulmonary parenchyma aerated pulmonary parenchymaaerated pulmonary parenchyma



Results: NADH AnalysisResults: NADH AnalysisResults: NADH AnalysisResults: NADH Analysis

1.0cm,  1.0cm,  AdenoCaAdenoCa



Results: NADH AnalysisResults: NADH AnalysisResults: NADH AnalysisResults: NADH Analysis

Ablation Zone CharacteristicsAblation Zone Characteristics
 NADH StainingNADH Staining NADH StainingNADH Staining

 NonNon--viable cells extending up to and viable cells extending up to and 
including vessel wallsincluding vessel wallsincluding vessel wallsincluding vessel walls
 no evidence of thrombosisno evidence of thrombosis

0.2cm0.2cm

2.3cm,  2.3cm,  AdenoCaAdenoCa



ResultsResultsResultsResults

SafetySafety
 IntraIntra--operative postoperative post--ablation air leakablation air leak IntraIntra operative, postoperative, post ablation air leakablation air leak

 1 Patient1 Patient

PostPost operative mortality rate 1% (1/10)operative mortality rate 1% (1/10) PostPost--operative mortality rate, 1% (1/10)operative mortality rate, 1% (1/10)
 POD #5 s/p POD #5 s/p lobectomylobectomy

P i i f ilP i i f il Progressive respiratory system failureProgressive respiratory system failure



ResultsResultsResultsResults

Study LimitationsStudy Limitations
 Underestimation of ablation zone sizeUnderestimation of ablation zone sizeUnderestimation of ablation zone sizeUnderestimation of ablation zone size

 MWA MWA  significant tissue contractionsignificant tissue contraction
 Up to 52% in center of ablation zone Up to 52% in center of ablation zone 11pp

 Measure contracted tissueMeasure contracted tissue
 Falsely smaller ablation zone volumesFalsely smaller ablation zone volumesFalsely smaller ablation zone volumesFalsely smaller ablation zone volumes

 Tissue Tissue friabliltyfriablilty  limited gross analysis limited gross analysis 
Small cohort sizeSmall cohort size Small cohort sizeSmall cohort size
11

Brace CL, Diaz TA, Hinshaw JL,  Lee FT Jr. Tissue  contraction  caused by  radiofrequency and microwave 
ablation: a laboratory study in liver and lung. JVIR  2010; 21:1280-6. 



ConclusionsConclusionsConclusionsConclusions

 Maximize the delivered MW energyMaximize the delivered MW energy
 Minimize the reflectivity/reverse powerMinimize the reflectivity/reverse power Minimize the reflectivity/reverse powerMinimize the reflectivity/reverse power
 MWAMWA Tumor Tumor PermitivittyPermitivitty Feedback Control Feedback Control 

resulted in :resulted in :resulted in :resulted in :
 CytotoxicCytotoxic intraintra--tumoraltumoral temperaturestemperatures

E t i f th bl ti i t t dE t i f th bl ti i t t d Extension of the ablation zone into aerated, Extension of the ablation zone into aerated, 
periperi--tumoraltumoral pulmonary tissue pulmonary tissue 

Oncologic resection marginOncologic resection margin Oncologic resection margin Oncologic resection margin 
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