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Introduction

ÅMR-guided laser ablation is seeing increased use in brain, spine, 

prostate, liver and other organs.

ÅMR-guidance plays a critical role in assuring a safe and effective 

treatment, particularly in its role in providing temperature imaging 

feedback.

ÅHere we overview the MR -guided laser ablation process to identify 

potential pitfalls physicists should be aware of which could 

negatively impact the safety and efficacy of treatment delivery. 



Thermal Ablation Modalities: Laser

Å Cryoablation

Å Radiofrequency

Å Microwave

Å Ultrasound

Å Laser

Compact CW or pulsed diode lasers

Diffusing or side fire fiber optics

Actively cooled catheters

1.6mm (16 gauge) 

saline -cooled catheter

Stafford RJ, et al,  Crit Rev in Biomed Eng, 2010.

Ex vivo porcine liver

15W for 120s @980nm

robotic control



Overview of laser ablation 

Applicator (internally cooled)

Tumor

Tissue Parenchyma



Overview of laser ablation

HEAT SOURCES (laser, ultrasound, RF, microwave, etc ) :

P = absorbed power density (W m -3) = SAR*ɟ 

SAR = Specific Absorption Rate (W/kg)

HEAT CONDUCTION (diffusion):

T = temperature (Kelvin) ɟ= density (kg/m 3)

c = specific heat of  material (J kg -1 ºC-1) k = thermal conductivity of  tissue (W m -1 ºC-1)

HEAT CONVECTION (effects of  perfusion): 

rb = blood density (kg m -3) Cb = specific heat  of  blood (J kg -1 ºC-1)

V = volume flow rate per unit volume (s -1) k = dimensionless convection scale factor 
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Pennes HH, J Appl Physiol. 1: 93ï122 (1948)

heat diffusion heat convection heat source

g = anisotropy factor

ma = optical scattering

ma = optical absorption

Tissue thermal conductivity largely governs conductive heat transfer

Tissue perfusion largely governs convective heat transfer in tissue



Overview of laser ablation

805nm Diode Absorption:   Blood +++ Water +

940nm Diode Absorption:   Blood +++ Water ++

980nm Diode Absorption:   Blood ++ Water +++

1064nm Nd:YAG Absorption:   Blood + Water ++

Stafford RJ, et al,  Crit Rev in Biomed Eng, 2010.



Overview of laser ablation

Tissue Parenchyma

Applicator (internally cooled)

Tumor
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Higher absorption Ÿ more heating

Higher scattering Ÿ less penetration 

Ÿ more local absorption

Ÿ more heating

Å Laser (l~ 800ð1064 nm)

Å Photon absorption

Å SAR ~ ma·f

penetration ~ mm



Overview of laser ablation

Tissue Parenchyma

Applicator (internally cooled)

Tumor
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Heat conduction: Lesion boundary based on extent of  thermal 

diffusion beyond area of  direct heating vs thermal convection.



Overview of laser ablation

Applicator (internally cooled)

Tumor
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Heat convection: Heated blood in perfused tissue is replaced by 

arterial blood at body temperature. 

Perfusion in lesion destroyed by ablation.

Large lesions: heat deposited over larger OAR region

Kok HP, et al, Int J Hyperthermia. 2013 Jun; 29(4): 336 ð345.



Overview of laser ablation

Applicator (internally cooled)

Tumor
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Heat convection: Large vessels or areas of  ventilation can rapidly 

disperse heat resulting in a ôheat sinkõ effect.

This can result in cold spots.

Kok HP, et al, Int J Hyperthermia. 2013 Jun; 29(4): 336 ð345.

BV



Overview of laser ablation

Applicator (internally cooled)

Tumor
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Heat convection: Large vessels or areas of  ventilation can rapidly 

disperse heat resulting in a ôheat sinkõ effect.

This can result in cold spots.

Kok HP, et al, Int J Hyperthermia. 2013 Jun; 29(4): 336 ð345.

Temperature Dose

H&E

BV



Overview of laser ablation

Tissue Parenchyma

Applicator ( internally cooled )

Tumor
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Cooling functions a a much stronger BV ôheat sinkõ.

Begin just prior starting ablation

Set MRTI reference prior to turning on

Should be kept on post ablation to dissipate heat

(minimize risk to surrounding OAR)

Careful not to cool tissue below baseline if  setting a new reference

Modality interactions with tissue (redux): 

Applicator cooling is a powerful method for counteracting 

adverse propagation and absorption issues that facilitates 

increased efficiency in energy delivery.



MR-guidance in thermal ablation

Planning : T2-W FLAIR

Å MRI-guidance useful for

ð planning

ð navigation & targeting

ð monitoring & control

ð verification

Å Synergy with biological and 

physical modeling & simulation

Å Endgame

ðôclose the loopõ

ð increase safety + efficacy

ð facilitate minimally invasive 

approaches  previously not 

considered safe or effective  

Verification : T1+CE

Model : Arrhenius DamageMonitoring : MR Temperature

Example: MR -guided  laser ablation of  metastatic melanoma in brain

Animal Model

DamageTemperature



MR-guidance in thermal ablation

Å Potential to use MRI for

ð planning

ð navigation & targeting

ð monitoring & control

ð verification

Å Lesion & OAR visualization and 

delineation critical

Å Targeting accuracy

Å Geometric distortion

Å MR-guided navigation systems

Å MR protocols: CNR & resolution

Å Must verify device placement vs plan


