The desynchronization of cardiac cells :
changing point of view on fibrillation.

tle an old debate on objective ground.
data telling us for sure?
t precisely relevant information?
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The desynchronization of cardiac cells :
changing point of view on fibrillation.

understanding, unknowns.
in the data?
act on signal processing.
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Epidemiology

SUDDEN DEATH-INCIDENCE AND TOTAL EVENTS
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Miracles

A bad blow strikes you to death...



5% Miracles

Another blow resuscitates you!

Bpm Chaos
e
 Fatal prognosis 98% $
* Defibrillators save 7%
= Can we do better? s/

Shock Intensity



Different complexity

Ventricles 1s smooth
Atria 1S much less.

Courtesy of Jason E. Roediger, CCT, CRAT
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Different complexity

* Fibrillation in Ventricles 1s smooth
* Fibrillation in Atria 1s much less.

FA catheter recording
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AF for EPs

te down/up regulations

AF stabilization by atrial tachycardia remodeling
"AF begets AF "
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AF for MDs

A bit messy!

- Circuits atriaux de
Foyers veineux micro-réentrées
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= Competing views,
contradictory
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Two main contradictory views

* « Rotors » versus « fragmentation »

usion model Defect mediated

Fenton et. al 2002



Two main contradictory views

* « Rotors » versus « fragmentation »

entricles phase mapping
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Time (s)



Two main contradictory views

* « Rotors » versus « fragmentation »

Phase mapping
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Something went wrong:
Dubious mapping !
p(z, t)e’ ™)
J = p’Vo

ackle random phase defects Spirals




ain contradictory views

morphologies and paths
) ~ 0 but no phase singularity

le still rages!

Long Doubles

A Short Doubles
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Chaos in the data?

been observed for periodic
d spontaneously before onset

Spontaneous onset and return:

Time series

“fibrillation” “fibrillation”
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Chaos in the data?

aos has been observed for periodic
ulation and spontaneously before onset

Dre onset :
Spiral tip

A 0 ms B 60 ms C 150 ms
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itermittency in healthy patients!

hm, heart rate variability shows multifractal
allure exhibits monofractal scaling.

1alysis MF spectrum
51 ~ At" with proba p(h) ~ AP

A Detrended Fluctuation Analysis (DFA)
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ANS feedbacks
Short time scale 1s ~1mn

Cardiac Cell
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tle on objective ground?
he data

he phase of time series?




attle on objective ground?
The data

¢ the phase of time series?
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ency in the data?

de fluctuations?

Skewed PDFs
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littency Iin the data? 3

itude fluctuations?

Collapse on scaling function

P(4)=A""g(4/Ac)




ittency in the data?

1lversal exponents

ny spatial patterns?

Collapse on scaling function

P(A) = A77g (A/A.)




ittency in the data?

1lversal exponents

y spatial patterns’!

e.g. Patient #5
P(A) =A""g(A/A.)




A myocardium of fibers

e A syncytium under normal circumstances.

* Conduction guaranteed by electrical synapses.

* Anisotropic.

* Distribution of Cx40/43 1s more dilute after Fib.
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van der Velden et al. 2002



A useful analogy?

* Can we build a phase diagram?
Find a critical point?
hat order parameter?

ase space
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OuU; = pf(Us) — L+ D Y i ; (U; - Uy)
p(m,j =1)=p (i,7)
p(1,; =0) =1—p

* As clusters of disconnected cells grow and allowing
lower excitability Hc < pleads to reentries




Excitable fronts on heterogeneous media

nU; = pf(U;) — I; + D Z Mi,5 (U5 — Us)
p(ni; =1) =p (i,5)
p(ni; =0)=1-p

* It A~ Sg, then Fisher exponent ™ > 2
* Monofractal scaling
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s on heterogeneous media
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Excitable fronts on
eterogeneous networks

led critical phases, e.g. in the visual cortex,
Ing state ...

Avalanche size PDFs
Flash on the retina triggers activity,7 EPSP
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Excitable fronts on
heterogeneous networks

= Extended critical phases, e.g. in the visual cortex,
brain resting state ...

Dynamical processes on hierarchical, dilute,
1Isordered network.

Griffiths

Ps ¢ Ps 4

Inactive
phase

Inactive

|
|
|
|
phase {

Griffiths Active
phase phase

Control parameter distributed :
A=A 0N = Ac < Ay

Rare regions P(L)smear the transition :
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Our model

Main assumption

Extra-cellular < '!"_
medium <
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Our model

odulations of synapse conductances
eaction kinetics with bound charges




Our model

Chaotic oscillations
R, ~R,c

oincaré sections for 2, 3, 4 coupled cells
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Our model

* Assume local modulations of synapse conductances

* This stems from reaction kinetics with bound charges
chemical potential at gap junctions (Calcium overload)
Time scales are resonant ~ 100ms

al system Zoology of S-T patterns




Our model

Zoology of S-T patterns
R,~R,c




Our model

V=is
A

;/
\

Assume local modulations of synapse conductances N
This stems from reaction kinetics with bound charges

Zoology of S-T patterns
Fib R, > R,c
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Our model

Zoology of S-T patterns
Fib R, > R,c
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Our model

Zoology of S-T patterns
Fib R, > R,c
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Our model

* Assume local modulations of synapse conductances

* This stems from reaction kinetics with bound charges
chemical potential at gap junctions (Calcium overload)
Time scales are resonant ~ 100ms

| system Zoology of S-T patterns
Fib R, > R,c




Our model

ne local modulations of synapse conductances
1S from reaction kinetics with bound charges
ential at gap junctions (Calcium overload)
> resonant ~ 100ms

Zoology of S-T patterns
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Ising-Bloch transition: ¥ =U + il

00 = iaU + DV?WU — v Ay + iy U*

* Parameters are modulated by synapse currents \§ .~ "\

Y — ’}/(ZE, t) G1111-et al. 1993
Back-scattering happens when I-B transition is reached:
| I-front gives birth to 2 counter-moving B-fronts

oximative global U(1) symmetry becomes « dirty » (local)

2 then v — —ive'? rotates from CGL eq. to Fitzhugh-Nagumo
Ics are pretty much similar in both: « conservative » and
spects of chiral terms are irrelevant.

ween 1s acceptable, at the expense of local resting angle



Random phase and back-scattering

2 | he
Ising- |
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Avalanche size S




Moving fronts on random media
and signals?

» According to this phenomenology the dynamics is of
domain walls on random bonds:

OZ(X,t) = DV?Z(X,t) +n(X,t)Z(X,1)

The noise i1s not white due to dilute random connectivity.

an we tune the noise term from the data using MF-analysis
ess the substrate?

tistical methods needed.

Thank you



Debuts

> very low potential contributions

lows only using HMM
Refines scaling

sensing » 1n
Fibs?









