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Motivation Continuous Approximation Question

Recall: The parameter « reflects the spatial organization of cellular connections.

e Cells in the ventricular myocardium are excitable, enabling the propagation of action po- ¢ Let Az be length of a cell

tentials. This causes the cells to contract, which is how the heart pumps blood. Note: For each q, there exists a ¢, * such that ¢, < ¢,* implies propagation failure.
i = = L
On the cellular level, propagation from one cell to another is not smooth, but rather jumpy ¢ Identify u,(t) = U(nAz,t) and v, (f) = U((n + 3)A,1) * Is there some 0 < « < 1 for which propagation failure is the least likely?
with an average time delay of ~ 80y seconds [1].
* How does c,* depend on a?

Tissue architecture on the cellular level plays an important role in producing the reliable * Assuming that U(z, t) is a smooth function, we Taylor expand about z to get,

smooth wave fronts which are observed on the macroscopic level. oU S2U
Sr=cy(1-3a)As®> 55+ f(U The Bistable Equation [2
* The spatial organization of gap junctional connections is one characteristic of the tissue or = ol = je)Ac Gz +£(U) (The Bistable Equation [2]) Results

architecture. In particular, ventricular myocardial cells are each coupled to ~ 11.3 + 2.2
neighboring cells via gap junction channels [4]. Therefore, wave fronts of excitation have
many opportunities to propagate through connections in all directions.

o If [ f(U) >0and v < 3,
cg* as a function of a

then there is a unique traveling wave solution U (§), with U(—oc0) = v, and U(o0) = v,
Questions: How does the spatial organization of cellular connections via gap junc-
tion channels affect propagation on the macroscopic level? In particular, what are the
benefits of being coupled to ~ 11 other cells? Does this spatial organization make
propagation failure less likely?
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o The speed of the traveling wave is ¢ = v/2 (£ — vy) \/cy(l - 3a)Aa? x \/1 —2qa
*a=1=speed x1
*a =0 = speed o< 1/2

Speed of Propagation
0.002552 -

du
= o1 = @) (Unt1 — 2up + un 1) + cga(vy — 2t + vao1) + f(un) — cg* is the same for « = 1 and o = 0.

dv,
at %

(1= a)(un41 = 20 + 1) + cg(Vnt1 — 20 + V1) + f(0n) a — It is beneficial to have some connections in each direction.

un = membrane potential of the n'" cell in the top row Notice: Propagation will fail only if ¢, =0 — There is not symmetry about o = 3?
v, = membrane potential of the n'* cell in the bottom row
a = the fraction of gap junctions making diagonal connections
¢y = coupling term quantifying the strength of the connections Discrete Syste m

f= generic dynamics for an excitable cell with no recovery Future Work
(Q=(0-V)(@Vip)(@-Ve) Question: If a region of cells is excited, will excitation propagate through the tissue?

e What are the effects of more complicated lattice structures?
Traveling Wave Solution Standing Wave Solution * more connections, different patterns?
* perhaps some type of random organization?
I [Frererenenenerer e What happens to propagation when certain cells are systematically “knocked out”?
* a different way to induce propagation failure?

e Propagation in the lateral direction?

Membrane Potential
Membrane Potential

* maybe even a three dimensional model?

Membrane Potential, P P p . . :
¢ e What are the implications of using a bidomain rather than a monodomain model?
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m W * how about using different membrane dynamics, f(¢)?
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Behavior o Take a closer look at the mechanisms of propagation from one cell to another?

e traveling wave solution = propagation tion in the ab ¢ unction ch 1s?
a=10 Propagation Through One Single Strand =00 Propagation Through Two Single Strands * propagation in the absence of gap junction channels:
1T T e e standing wave solution = propagation failure * electric field effect?

|
!
|
|

I
‘ * spatial localization of ion channels?

e For the single strand cases, « = 0 and a =1,
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3 with cubic f(¢), where v, =0, v, = 1,and 0 < vy, < %
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it can be shown [3] that propagation will fail for ¢, < ¢,* where,
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e o = 1 implies twice the cells, taking twice the time to cover the same distance as o = 0




