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Epidemiology

Terminologie

ier @évenement

Paroxysmal

Persistent

Permanent

Chronique

Major cause of stroke

Caractéristiques Récurrence
cliniques
Symptomatique ou
symptomatique
Durée inconnue

Arrét spontané )
<7 jours Recurrent

Le plus souvent <48h

Pas d’arrét spontané
>7 jours Récurrent

Cardioversion nécessaire

FA en place

. . . Etabli
Cardioversion sans succes

| évv et al J Cardiovasc Electronhvsiol 2003:1



The heart

Left atrium (left posterior view)

~—— right vagal nerve
Com plex anato MY (right anterior view)
aorta
superior vena cava
e , right pulmonary artery
Aorte ascendante
- right atrium
Branche du céne artériel veing - 508 ight plmonery vins
Trone de Fartére coronalre ganche
A. coronalre droite
Branche interventiculaire amétiewse /| inferior vena cava
(IVA)
Branche attfo.ventriculaire
Branche lat, (diagonale) (IVA)
Vv, ventriculaires dioites
Grande V.e du coeur Cardiac Action Potential
Petite V.o du coeur

Consumes energy

Branche marginale droite
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Current status

Foci Reentry —>  Remodelling

Nervous modulation
Coumel Triangle
/A F\

Foci

Remodelling




Ablation

Paroxysmal AF w post treatment: ~80%
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Some phenomena

* Local onset

* Remodelling

* Inadaptation, dispersion RP
* Quasi periodicity

e Cardio version hysteresis

* Bigeminy protocol (far from cell vulnerability) ..

e Cycle length increases while ablating ...

burst
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Evidence of modulation

Bistability and phase locking?

A AR

I

Il
period 2 period 2
+ modulation

Wb

__________________

iy

+ modulation

period 2

“fibrillation” “fibriilation” 0.5 s

modulation, thus exemplifying the “quasiperiodic transition

to chaos” first suggested by Ruelle ~This_sug-
gests that fibrillation is a form ¢f spatio-temporal chaos, a
finding that implies new therapeutic approaches. (J. Clin

Garfinkel




Quasi Periodicity

Examples before onset with ‘irregular’ tachycardia Universal
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Spatial structure of QP

Rotors

A 0 ms B 60 ms C 150 ms D 180 ms
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Fibrillation: phase mapping

Distinguishing feature?  AF




Intermittency in AF

Persistent AF Persistent AF sinus pause
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Spatio-temporal intermittency

A a=a A a_<a<a
SN M
V(U) vy ™ Necessary locally:
‘B B e Bistability
C - * Local structures
a A  Excitable ok
> -
Coullet U U
Example: Morris-Lecar with CGL intermittenc
external current I T IV
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Gap junctions

u:asa's;* F )

)‘H’ ll/s!i
VY

Cx40 N-Cadherin 10um

Desplantez 1_1_{

Gap currents: ——
* Non diffusive —
* Anisotropic network

Sync & anti Sync coupling :

E * Dynamical frustration might occur



Cell-Cell coupling models

o,U + f (U, () +DAU = 0

Modulation, QP, phase locking, chaos, AND disorder... are possible

The model should include

* Micro scale = mean field
+ Feedback
* Meso scale = XY orworse Symmetry
Dynamical example: 1D Lorenz atw = qu — rvw
ou = —-wVU - ou

U = —V(ww) + DAU



Spatially extended Lorenz

Lorenz model extended 1D (all Coullet’s requirements + non diffusive)

Clinical case Persistent AF, PV
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Addressing naturally:

BZ Doppler Ouyang

* Allessie wavelength revisited
* Analogy Typel - Type Il transition (~¥Hertz model, CDW)
* Find a disorder penetration length
* Different stages of AF through phase transitions ?

* Remodelling
* Non stationary, memory (~aging)

e Chaos is still included as
* Dynamical frustration

Prospects: Chaotic disorder model
Mg = 3 [dix 7P+t | U1+ [ (V-iQ)u P+ VAQP
QYY) = g(| V]




Thank you !




Cell-Cell coupling model

Lorenz 1D

hw = qu — W
ou = —-wVU — ou
U = —V(ww) + DAU

Slightly more physiological?
oU = f(Uw,e) — orcU

v = —g?U — v
ow = —oVW + DAw
oW = —V(ww) + DAW




New markers ?

Transition from Paroxystic to Persistent to Chronic or else ?
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 Local nonlinear mechanisms

* Read scaling, cut-off ...
systematic classification

 Abnormal morphology
distance to source?

e Global disorder ?
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Courants de jonction

Ca blocker

0.25 sec
“J

0
R
mV [
-50

Canine experiments

Glycyrrhetinic acid / gap junctions

Though not very specific



Conductance non-linéaire
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— Induce synchronization / anti-synchronization coupli

Ex: Kuramoto + désordre Daido




Modele Lorenz 1D

~bipolaire

30 cellules

unipolaire




Autre milieu excitable

Tas de sable tambour rotatif m_ModéIe de Noble
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Seuil d’excitabilité imprécis




Evaluating mechanisms




Phase transition

[

ANS

Normal
Normal

Chro AF

Pers AF

ubstrat




Reaction-diffusion avec brisure
de symétrie

Modified FitsHugh Nagumo
v + b
6,u=—%u(u—l)<u— )+Au

Function f such as spirals

v =flu) —v. can be unstable

Rappel:

Cardiac Action Potential
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Superconductor type Il

Vortex h
vl
q AL r
Phases
Two characteristic lengths
B h
\/Qme |

A= |
Meissner 48 ” 0 lal




Experiments?

* Tenter la cardio version préalable a I'intervention
pour toute FA chronique: Y a-t-il une corrélation
statistique entre succes et CV ?

* Protocole de brilure aléatoire (ou similaire): idem ?

Chaos

Bpm /$

/

No Chaos

27



Importance des courants
électrotoniques

300 P Model 2
* Model 1
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ttency

Vortex & intermi

Phase defects

Skewness

?

Courants




Distinguish which type of
Intermittency

* EGM aux temps longs
e Reaction-diffusion ~ haute T
 Lorenz 1D ou supra ~ basse T

* Mesures ‘simultanées’ egm-C.I.
* Courants vs coeurs de vortex
— Vortex comme épiphénomene ?
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- Quasi periodicity
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Vortices in reaction diffusion
epiphenomena?

spiral break up
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Positions of vortex cores
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Random optical vortex field

Similar transition depending upon spectrum only

Phase defects
(= optlcal vortex cores)
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Atrial Bigeminy as a test of Vulnerability

Modulation ? Autre ?

Période de stimulation > ERP + 30ms

V6
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Eftects of LONG-SHORT cycle-Length sequences

Pandozi RP overshortening

Alteration on Cardiac Action Potentials
Greenspan et al. 220 ¢
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CYCLE LENGTH

Stretch phenomenon

Nonlinear electrical behavior
Higher-order periodic and aperiodi
activity during constant pacing
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Paradigme:

XY paired vortices BZ Doppler spiral breakup Ouyang

Argument: observation d’intermitte




