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Cardiac Myocyte Schematic

(a) Heart muscle. (b) Heart tissues.

(c) Sarcomere schematics. (d) Calcium dynamics. [Bers, 2002]

Figure 1 : Cardiac cell schematic.
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Goal

Our goal is to model calcium dynamics in a sarcomere. This
involves:

modeling the random release of calcium from calcium
release units (CRU),

modeling the diffusion and interaction of calcium with
other chemical species,

changing the distribution of CRUs on a z-disc.
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Diffusion, release and buffer equations

Main equations [Izu 2001, Gobbert 2008]

∂c

∂t
= ∇ · (Dc∇c)− Jpump + Jleak + Jrelease +

∑
i

Ri(c, bi, Bi),

∂bi
∂t

= ∇ · (Dbi∇bi) +Ri(c, bi, Bi),

∂Bi

∂t
= ∇ · (DBi∇Bi)−Ri(c, bi, Bi).

Buffer reaction

c+ bi

k+
i

⇀↽
k−i

Bi.

Stochastic Release Mechanism

Jrelease(c,x) =
∑
j

σ(t, Tm
j )S(t;Topen)δ(x− x̂j),

S(t, Topen) =

{
1 if α ≤ Jprob(c),
0 if α > Jprob(c),

(1)

Jprob(c) = Pmax
cm

Km
prob + cm

, α ∼ U [0, 1].

⇒ A CRU is allowed to open every ms. After opening, a CRU
undergoes a refractory period of about 100 ms.
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Comsol-Matlab Implementation

(a) CRU spacing [Izu 2006]. (b) CRU spacing in simulations. (c) Release current [Soeller 2012].

z-disc 2

z-disc 1

(d) The sarcomere domain. (e) Programming logic.
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Stochastic sparks organizing into a wave
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Forced sparks organizing into a wave
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