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Numerical lllustration

Context & Objectives

Clinical context
- Eliminate sites of arrhythmias origin as atrial fibrillation (AF) or

ventricular tachycardia (VT) using cardiac ablation
* Focus on Pulsed electric Field Ablation (PFA) based on irreversible

electroporation [1]
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High voltage pulses
E ~1000to 10 000 V/m,
T~0.1to 100 ms

Objectives

- Write a mathematical PFA model with physical interpretation &
compatible with cardiac electrophysiology model

- Perform numerical simulations of the model in a realistic context

PFA Modeling & Homogenization

Microscopic bidomain model
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S, is the membrane conductance
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Not useful in practice
(~1012 cardiomyocytes in the heart)

Classical microscopic bidomain
model (based mostly on physical
laws) with a new term modeling PFA I
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Mathematical homogenization
 Two-scale convergence [2]
» Same process as classical bidomain model with different scaling

- Leads to the following effective model (macroscopic + cell)
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Effective macroscopic bidomain model...
-V(Z,Vu;) =V (Z,Vu, )

l l

\% (ZiVul-) =A, (C,0, (ul- — ue) + lll-on (ui — ue)
£

r

1
| C.o. | llyl-V

= . w
| S (1L Vg +v,,1) (101 Vit +v,,)
1T J; J
...coupled with a cell problem
Ay, =07, x| = Ol = xb);
j o e — .] o . Y
Vil n e/ -n, S o | Y| Iy 1 J Vi
| CUUENIYL YL,
[ )(] — () e L e S |
i€ ' Volume fraction of the  Microscopic term
Yie microscopic conductivity (periodic case)

Macroscopic mesh,

- Static case 918 314 tetrahedra

- Periodic cell

. _Blood
* lonic term neglected N S |
e Sm as a sigmoid | Atrial tissue
- Realistic context: use of Pericardium
the Farapulse [4] catheter
iInside the entry of a
pulmonary vein (LA) o
- Comparison with the standard 4
model widely used in oncology [3]
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Comparison of the electric field generated with one pair
of branches - standard modéel (left), new model (right)

No lesion

Comparison of the ablated area after the activation of all 5
pairs of branches - standard model (left), new model (right)

Conclusions & Perspectives

Conclusions

- Effective PFA bidomain model with physical interpretation
& compatible with cardiac electrophysiology model

- Appearance of a transport term

- Results comparable with the standard model in a realistic

case
Perspectives
- Understand the differences with the standard model by
introducing an effective conductivity
* Investigate the effect of cell geometry
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