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Data acquisition

Data acquisition system : CARTO (Biosense Webster)

Several kind of catheters
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Exported data from CARTO

huge amount of files (*.xml, *.txt, *.mesh, ...)
lot of different data per recording point

Figure : example of exported files with CARTO system
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Postprocess CARTO data

Figure : example of signals
post-process from CARTO files

Figure : example of ECG
post-process from CARTO files
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What we use in practice ?

Figure : In silico activation map.
A.Collin

Figure : activation time from
CARTO system
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Bilayer Model

Explanation
reaction-diffusion on 2 surfaces : Ω(1) : Endo and Ω(2) : Epi

Average in depth
Possible dissociation between layer

Bilayer model introduced by Labarthe, Bayer, Coudière, Henry,
Cochet, Jaïs, and Vigmond [2014] :

A
(

C∂tu(k)+f (u(k),w (k))
)

=div(σ(k)∇x u(k))

+(−1)kγ(u(1)−u(2))

on Ω(k)

∂tw (k)=g(u(k),w (k)) on Ω(k)

σ(k)∇x u(k).n=0 on ∂Ω(k)

u(k)(0,x)=u(k)
0 (x), w (k)(x)=w (k)

0 (x) x∈Ω(k)
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bilayer simulation
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Luenberger observer for reaction-diffusion equations
Collin, Chapelle, and Moireau [2015]
Consider a simple reaction-diffusion equation :

∂tu−∇·(σ·∇u)=kf (u)

+λδ(Γu ,x)(−(z−C1(Ωin
u ))2+(z−C2(Ωin

u ))2)

on Ω

(σ·∇u)·n=0 on ∂Ω

u(x ,0)=u0(x) x∈Ω

Ωin
u : time dependant space corresponding to already

depolarized area of observer.
C1 and C2 are the mean of observations z inside and outside
of Ωin

u

C1(Ωin
u )=

∫
Ωin

u
zdx∫

Ωin
u

dx
C2(Ωin

u )=

∫
Ω\Ωin

u
zdx∫

Ω\Ωin
u

dx
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Application on bilayer model

Observer for bilayer model
We apply the observer only on one layer because usually patient
data are available only for endocardium in atria.



A
(

C∂tu(k)+f (u(k),w (k))
)

=div(σ(k)∇x u(k))+(−1)kγ(u(1)−u(2))

+λδ(Γu ,x)(−(z−C1(Ωin
u ))2+(z−C2(Ωin

u ))2)1
Ω(1) (x) on Ω(k)

∂tw (k)=g(u(k),w (k)) on Ω(k)

σ(k)∇x u(k).n=0 on ∂Ω(k)

u(k)(0,x)=u(k)
0 (x), w (k)(x)=w (k)

0 (x) x∈Ω(k)
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Software

CEPS : Cardiac Electrophysiology Simu-
lator

Open source C++ software from
CARMEN team (Inria Bordeaux)
Parallel implementation (PETSc,
MPI, Parmetis or Scotch,...)
Current models (monodomain,
several ionic models, ...)
Code easily new model or method
(surface model)
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Square simulation
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Pre-process patient data

postprocess
→
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spatial gain
Define a spatial gain function which we denote β(x) to deal
with hole in data :

β(x) =

{
1 if x ∈ data points
0 elsewhere

Add this spatial gain in Luenberger Observer :

λβ(x)δ(Γu ,x)(−(z−C1(Ωin
u ))2+(z−C2(Ωin

u ))2)1
Ω(1) (x)
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fibers
Give a priori fibers directions on some patches (literature)
Complete on all atria using geodesic interpolation (P.Moireau,
A.Collin)

Figure : patch where we know fibers direction. (A.Collin)
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Patient-data simulation

Application of observer on real data
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topological gradient term to detect new front
parameter estimation and coupling CEPS with Verdandi
remeshing mesh from CARTO (mmgs)
reconstruct activation map from patient data
Use more information than with activation times

Patient-specific modeling, Radio-frequency ablation planning
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Thanks for your attention...
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