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Blood Flow Induced Cooling Effect in Radio Frequency Ablation for Hepatic Carcinoma

Tim Kroger, Tobias Preusser, Heinz-Otto Peitgen

Medical Background

Hepatic Tumors

Liver common location for carcinoma (both pri-

mary and metastatic)

> 1000000 new cases per year worldwide

Classical Therapy Forms

Chemo therapy: often not effective
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Importance of RFA Simulation

e Surgical resection:

— Only in &~ 25% applicable
— Extensive and expensive

Minimally Invasive Therapy Forms

e Radio Frequency Ablation (RFA)
e Laser Induced Thermo Therapy (LITT)
e Hyperthermia

e Cryotherapy

Principle of RFA
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A Mathematical Model of RF Ablation

Probe(s) inserted into the
tissue

Connected to an electric
generator (/2 500 kHz)

Heat is produced (Joule’s
law)

Cell proteins coagulate

http://www.mevis.de/~tim

Value of Numerical
Simulation

e Planning of intervention
(currently only by experi-
ence)

e Decision for either therapy

e Physician’s training
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Standard Models

Pennes [2]

at(pCT) -V ()‘VT) — QPC T V(Tblood _ T)

Derived using mathematical homogenization
under certain assumptions [3]

Weighted Pennes

O(pcT) =V - (AVT) = Qpe + v(2)(Thigoa — T)

v(x) large inside vessels, small outside vessels

carly on tissue impedance changes

ported away

Modeling of Cooling due to Blood Flow

Dirichlet Boundary Condition

T = Tyoay on large vessels

e Change of computational domain for 7'

e (Cannot respect thrombus formation

Alternative ldeas

Advection term

O(pcT) =V - (AVT) + 7 pcVT = Qpe

e v difficult to determine, in particular at branch

Navier—Stokes Equations for v

Much too slow

Current Work

Combination of Dirichlet boundaries and

Navier—Stokes
Perform preliminary simulation experiments:

— Navier—Stokes on simple geometries
— Find simple model for thrombus formation

— Measure V1" - n on vessel boundary, apply
simple model

— When thrombus is formed, disable Dirichlet
condition on whole vessel subtree

points — Based on V1" -n on vessel boundary, vessel

Jain [4] Ah(peT) =V - (A2)VT) = Qpe e Difficult to solve since |v] large (/= 9 cm/s) size, time
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Numerical Simulation of Blood Flow and Thrombus Formation with a Lattice—Boltzmann Scheme

e [or main simulation:

— Dirichlet conditions for 1T’

e Thrombus formation might lead to inconsistent

v (i.e. V-U#0)

e \(x) large inside vessels, small outside vessels

Flow Simulation with LB Schemes Damage Open Questions
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e Uniform grid with 9 particle densities at each node . inflow e Clinically relevant flow velocities and pulsatility profiles [11, 12]
n-VD =0 Foutflow Y Lshell

o T'wo-step scheme: Advection step plus collision step

e Navier—Stokes equations can be recovered via a Chapman-Enskog

Occlusion Formation

e Arrhenius parameters of blood

Q-0 0O 00 D 0 B 0 9 e Viscosity of blood, Non-Newtonianity (Fung [11]: apparent viscos-
'3 Q 3% O Q-0 00 0O 00000000 O 00000O0O0O0 0O 00000O0O0O0 ity is 4.0cp above 0.1 mm diameter)

OO OO OO0 YOO -V Y%) e Turbulent flow — sensible spatial resolution
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Bounce-back rule at vessel wall

D > D* in this region

Bounce-back rule at occlusion

e Stopping criterion if no occlusion occurs

expansion
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