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Ventricular fibrillation (VF)

Heart pumps blood throughout the
blood vessels by repeated,
rhythmic contractions

IDEMD

Uncoordinated contraction of the cardiac
muscle of the ventricles in the heart

Arrhythmia FEAR
cessation of effective blood circulation

Asystole, Arrest IMELE

50% within three minutes

Sudden cardiac death (SCD)
IR T 22 SR BE

Automated external defibrillator (AED)

AED applies electrical therapy which stops the
arrhythmia to reestablish an effective rhythm.

Spiral re-entry in excitable media
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Obstacle-induced spiral

« Jalife et al (1998) : Wavebreaks may take place by an obstacle
e Shimizu, Kaihara, Suematsu and N. (2014)

* FitzHugh-Nagumo equation
Au+u—u’ — v
u—E&v—+n

Ut
Ut

Heart as an
excitable medium

Obstacle —

[ i
e e
Wave moves upward Fibrillation occurs by obstacle,

cf. Berestycki, Hamel, Matano (2009): Generalized traveling wave around obstacles
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Chen-Kohsaka-N. 2014

Ut — g(u,v) 1
where  f_(u) = u(1l — u)(u — 5T e)
gav g2
— giu — 5= I Z
g(u,v) = gru P g S0 90
............................... o e eeeeeesanecseesssensssasasessaesssnnnsassnnens
e2uy = Aui+ fo(u) — efBv
1
fO(u):O > u—0,§,1

’ 1 if x € Q1)
N —
Xa) 0 if otherwise
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{ Uyt Au + 5_2(]85(15) o 5ﬁv)
Uy = g(% U) 1
where  f_(u) = u(l —u)(u — 5 +ea)
ga2v g2 1
u,v) = giu — 0i=——<-,0;>0
g(u,v) = g1 go + gsv 9193 ~ 2 I
1 if x € Q1)
u — =
XQ(t) 0 if otherwise Normal velocity
V
V=W —=k

(FBP)
Uy = 9(XQ(t)> )
where W( ) — a — be - interface F(t)

a = fa b= 6\/_6
Outer normal unit vector
W) =0 <) v ;



A UDBIRERE CDEL
{ut = 5Au—|—§(f(u)—ﬁv) {ut = Au—l—g—Q(fg(u)—eﬁv)
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The existence of solutions of this system was studied in 1990’s. . v; = g(hi( ), V)+dAv
e  With diffusion d>O0:
« X.Y.Chen : Hiroshima J., 21 (1991), 47-83
Local existence of smooth solution for €>0
e X.F.Chen :Trans. Amer. Math. Soc. 334 (1992), 877-913
Local existence of smooth solution for €=0
* Y.Giga, S. Goto, H. Ishii : SIMA, 23 (1992), 821-835
Existence of viscosity solution for €>0 and €=0
 D. Hilhorst, Y. Nishiura, M. Mimura: Proc. Royal Soc. Edin. 118A (1991),
355-378

Interface is one pointin 1D
However, the dynamics has not been studied well.
* Without diffusioni.e., d=0:
* X.F. Chen: Conf. on Asymptotics in NDS (1998), 9-33
1D, weak formulation, reduction
e X.F.Chen, C. Gao: J. PDEs 19 (2006), 48-79
1D, local dynamics, propagation, annihilation, nucleation
Even in 1D, it is not well-posed when W(v)=0 on the interface !

t
2.0t

15 -10 -05 05 10



Construction of TWs

* One-dimensional traveling front and pulse
Q) ={z | =z <at}, ¢px—at)=G, ( at—az)+>

where

PF

a

WO K. SRS DA . <
Go(v) .—/M g(O,f)’Gl (v) : /0 0.0

increasing
by

decreasing

v T
front back @~ front at
Qt) ={x | at — ¢, <z < at},
(07 it x> at,
x
- if at — 4, <z <
@p(:l:—at):<G1(t a)7£ if at — ¢, <z < at,
Go , T p)) if x <at—4{,
\ a
-1 (2&) .
where ly = aG -



Theorem (Chen-Kohsaka-N. 2014, Chen-Taguchi-N. 2016)

csuchthat 90O e %, v e CY(R*\0N) N C°(R?)
lim v(z,y,0) =0, wv(x,y,0)=0Iif |y| > Y.

$2—|—’y2—>00
Moreover,
(i) 0 < ¢ < e (ii) c*<c<a
There is a convex traveling spot Non-convex traveling spot
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There is a traveling spot with any large size.

planar
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Profile of © and v

Profile of u Excited region
Rest region

Profile of v

/C
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The shape of nhumerical 3D
traveling spot

low propagation speed




Numerical solutions of FitzHugh-
Nagumo equation

{ut — Au+ (fg()—eﬁv)

v = g(u, U)

Profile of u Profile of v
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17



