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Introduction
.

A MR-guided laser ablation is seeing increased use in brain, spine,
prostate, liver and other organs.

A MR-guidance plays a critical role in assuring a safe and effective
treatment, particularly in its role in providing temperature imaging
feedback.

A Here 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
I

A Cryoablation

Compact CW or pulsed diode lasers

A Radiofrequency

A Microwave

Diffusing or side fire fiber optics

A Ultrasound ' robotic control

Actively catheters

A Laser
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Overview of laser ablation
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heat diffusion heat convection

g = anisotropy factor
| 7 = optical scattering
m = optical absorption

HEAT CONDUCTION (diffusion):
7= temperature (Kelvin) = density (kg/m 3)
¢ = specific heat of material (J kg 1°C') |k=thermal conductivity of tissue (W m -1°C-1)

HEAT CONVECTION (effects of perfusion):
r. = blood density (kg m_-3) C, = specific heg# of blood (J kg -1°C-1)
V= volume flow rate per unit volume (s 1) k = dimensigfiless convection scale factor

Tissue thermal conductivity largely governs conductive heat transfer
Tissue perfusion largely governs convective heat transfer in tissue

Pennes HH, J Appl Physiol. 1: 931 122 (1948)
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Wavelength (nm)

Absorption Coefficient (cm™")

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.
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Kok HP, et al, Int J Hyperthermia. 2013 Jun; 29(4): 336  8345.
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MR-guidance in thermal ablation

A MRI-guidance useful for
d planning
d navigation & targeting
0

d verification

A Synergy with biological and
physical modeling & simulation

A Endgame
0 6cl ose the | oopd
0 increase safety + efficacy

d facilitate minimally invasive
approaches previously not
considered safe or effective

Planning : T2-W FLAIR

Animal Model

Verification

: T1+CE




MR-guidance in thermal ablation
O

A Potential to use MRI for
'8 planning
'@ navigation & targeting

monitoring & control

verification

A Lesion & OAR visualization and
delineation critical

A Targeting accuracy
A Geometric distortion

A MR-guided navigation systems
A MR protocols: CNR & resolution

A Must verify device placement vs plan




