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Abstract: The effect of cardiac muscle fiber curvature
on action potential propagation was studied using a
finite elemint methöd io iolve a modification of the
FitzHugh-Nagumo equations. The velocity, maximal
upstroke rate and action potential amplitude of
trånsverse, planar waves were all reduced- when the
fibers curved away from the wavefronts and increased
when the fibers curved toward the wavefronts. This
phenomenon also caused nominally stationary soiral

in the divergence of th€ current influences
propagation by altering the ability of the wavefront to
depolarize regions downstream. In the remainder of this
paper, we present computational results that explore the
change

effects offiber curvatule on Plopagatron.

MFTH.DS
Two dimensional action potential propagation was
modeled using a specially developed collocation/Galerkin

waves to drifL These dynamics may have implicåtions finite element method to solve
for the stability of reentrant arrhythmias.
FitzHugh-Nagumo equations [6] :

INTRODUCTION
There has been considerable interest recently in the
influence of the heart's complex fiber architecture on
cardiac propagation. If one adopts the approximation that
the muscle fibers lie in planes that are parallel to the
endocardial and epicardial surfaces Il], then there are two
types of fiber orientation heterogeneity: rotation, in which

the fiber angle changes through the thickness of the
ventricular wall, and curvature, in which fibers curve
through the plane in which they lie. Several investigators
have explored the effects of rotational anisottopy [2-4];
however. the effects of fiber curvature are less well
explored [5].

Fig. I

illustrates qualitatively how fiber curvature

affects propagation: The stippled regions represent
snapshots of propagating wavefronts. Inactive tissue in
front of the wavefront becomes active when current flows
from depolarized regions bringing the tissue to the action
potential threshold. One of the sinrplest ways to model this
process is with the classical diffusion equation:
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where v is a recovery variable and a, b, c 1, c2, zfid d ate
constant parameters.
Two series of numerical experiments were performed
t5]. In the first, 8 x 8 cm square meshes were constructed
with fiber curvature (expressed as fiber angle gradients)
varying from 0-15 degrees/cm. On each mesh, transverse
planar wavefronts were propagated in the two possible
directions relative to the fiber curvature (Fig. 2a): in

(TA) propagation, the fibers curve
toward the wavefront. In transverse-with (TW)

transverse-against

propagation, the fibers curve away from the wavefront. To

quantify the ability of each wavefront to depolarize
downstream tissue (which we will henceforth term the
efficacy of the wavefront), the propagation velocity (,t,
action potential amplitude (u^or), and upstroke rate
( Yn,,"*

)were measured.

In the second series of numerical experiments, spiral
waves were initiated on 16 x 16 cm meshes with iiber

with ::il:Iil:ilTlH

where s is an excitation variabre that can be identined
the transmembrane potential and D is the diffusion tensor.

is fastest in the fiber direction, the
diffusion tensor operates on the gradient ofll to "tip" it into
alignment with the fibers. Curent flowing down the
gradient (small arrows) is focused (panel a) or dispersed
(panel b) depending on which way the fibers curve, This
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a modification of
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In both series, the longitudinal diffusion coefficient

was four times the transverse coefficient giving a 2:1 ratio

of propagation velocities. Model parameters supporting
ttationary spiral wave propagation (in the absence of hber
curvaturel were chosån. The mesh discretization was
chosen to ensure numerical convergence.

RESULTS

Planar wavefronts. During

TW propagation,

wavefront efficacy, as quantified by S, u7ns6, and

Fig.

l.

Diagrams of current (small alrows) flowing through

differential elements (small squares) located along the
leading edge of wavefronts (stippled regions)' Propagation
is in the direction of the large alrows. The dashed lines
represent the fiber field. Current is focused (a) or dispersed
(b) by the fiber curvature

y,nu^

, was

reduced relative the zero curvature case. During TA
propagation, the opposite occured (Fig. 3).
Spiral wavefronts. In the absence of fiber curvature,
the spiral wavetip followed a closed trajectory, in other
words, the core of the spiral wave did not drift. When fiber
curvature was introduced, drift occurred. The rate of core
drift was linearly related to the fiber angle gradient and
reached l}Vo of the longitudinal propagation velocity with a
fiber angle gradient of 4 degree/cm (Fig. 4).
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DISCUSSION

We used a computational model to show that the
efficacy of transverse wavefronts may be affected by
muscle fiber curvature. Specifically, when the fibers
curved towards a wavefront (TA propagation), depolarizing
current was focused, which enhanced propagation. When
the fibers curved away from a wavefront (TW propagation),
the opposite occured. To the authors' knowledge, this
theoretical prediction has not yet been tested
experimentally.
This phenomenon also has implications for reentrant
spiral waves: As spiral waves circulate in a curved fiber
field, propagation at the wavetip is alternately TW and TA.

,/

,/ ./ /,/ ,z -./
- -\/./------=\\\
-

--€AV

Umax

s
'mea

TW Propagation

0.8

0.6

15105051015

3.

The effect of muscle fiber curvature on wavefront
efficacy as quantified by S, unrtx, V,u* . Efficacy is reduced

during TW propagation and increased during TA
propagation.
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