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Controlling excitable waves in heart tissue: Synergetic approach
with experiment and theory
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Excitable systems are found throughout nature, in heart muscle, retina, and cultures
of the slime mold dictyostelium discoideum. These systems often exhibit a phenomenon of
rotating waves (also known as spiral waves, reentries, and vortices). The mechanisms for
initiating and methods for controlling rotating waves have been studied extensively in
various chemical and biological systems. A major reason why rotating waves have attracted
so much interest is their role in the transition to a chaotic state in the heart, which
results in fibrillation (spatiotemporal chaos) and sudden death. Thus, it is important
to know how to control rotating waves so that we can prevent or suppress them.

It is known that free rotating spirals can be easily terminated by high—frequency wave
trains. The applied stimulation period needs to be lower than the spiral period. The
approaching pacing waves lead to a displacement of the spiral core and finally to the
termination of the spiral wave on the boundary of the excitable system. However, this
simple approach is not applicable for spiral waves which are pinned on heterogeneities
( “obstacles” ) such as blood vessels, scars, etc.

Mainly two approaches were adapted in the present Ph.D. study, by focusing on the
termination on obstacle pinned spiral waves; on the one hand termination due to a single
stimulus in proximity of the pinned spiral wave, and on the other hand on the termination
of high—-frequency wave—trains apart the pinned spiral wave.

It is demonstrated that the pinned spiral is liberated by a single stimulus in proximity
of the obstacle by using the effect of the vulnerability of excitable waves. It is shown
that the single stimulus needs to be applied in a small time—-window within the vulnerable
window of the pinned spiral wave, whereas the location of the stimulus has to be in the
proximity of the obstacle. The stimulus creates a pair of two contrariwise rotating spiral
waves, which are propagating toward the obstacle. One spiral terminates by local
conduction block in the tail of the pinned spiral wave on the obstacle, and the other
spiral merges with the pinned spiral and leads to a topological change. Finally, the pinned
spiral wave is liberated and is rotating freely apart the obstacle, and can be terminated
on the border of the medium by a induced wave train.

In addition, unpinning of the obstacle pinned spiral wave is studied by use of
high—-frequency stimuli apart the obstacle. A theoretical dependency between obstacle
radius and maximum unpinning period was derived by considering a reinterpretation of the
eikonal relationship. The approaching wave train reduces its speed on the obstacle due
to the effect of curvature. The waves fail to propagate, since the wave speed reaches
the critical wave speed. Subsequent approaching waves push the detached spiral wave apart
the obstacle and lead finally to termination on the border of the medium. This result
was confirmed to be generic by showing the effect in heart tissue and Belousov—Zhabotinsky
reaction.

The results of this thesis lead to a deeper understanding of the underlying mechanisms
of the termination of spiral waves, and may be useful to improve medical techniques to

recover dangerous heart deceases
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