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Cardiac Responses to Premature
Monophasic and Biphasic Field Stimuli

Results From Cell and Tissue Modeling Studies
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Abstract: Experimental and clinical observations confirm that certain bipha-
sic (BP) defibrillation shocks are significantly more efficacious than equivalent
monophasic (MP) shocks, yet the mechanisms underlying these improve-
ments are still not well understood. The authors used two separate, but
related, computer models to investigate in detail the excitation responses of
active cardiac cells and tissue to idealized premature extracellular MP and BP
field stimuli. The results revealed a large disparity in MP and BP excitation
responses to low-strength, but not high-strength, fields. In particular, at these
low-strength levels, the polarity reversal within BP shocks effectively extends
excitability to earlier cellular refractory states than can be achieved with sim-
ple MP shocks. Moreover, whereas low-strength MP shocks induce a distinct
all-or-none excitatory response to varying shock prematurities, the excitatory
response to equivalent BP shocks remains highly graded. In tissue simulations
where such field stimuli intersected propagating wave fronts, the all-or-none
excitatory response elicited by low-strength MP shocks created a postshock
discontinuity in the spatial transmembrane voltage profile, which initiated a
new propagation wave front. In contrast, the graded excitatory response
elicited by BP waveforms effectively prevented the formation of postshock
wave fronts. High-strength MP and BP stimuli prevented renewed propaga-
tion equally well. In conclusion, these results suggest a new mechanism for BP
defibrillation superiority over MP waveforms: that the graded excitatory
response to BP stimuli at low-field strengths effectively prevents the formation
of large spatial transmembrane voltage gradients, which can lead to renewal
of propagated wave fronts. Key words: defibrillation, extracellular fields,
monophasic waveform, biphasic waveform, reexcitation, computer modeling.
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Mounting clinical and experimental evidence supports
the observation that certain biphasic (BP) waveforms
have much lower defibrillation thresholds than do their
equivalent monophasic (MP) counterparts.’* Yet, the
mechanisms responsible for these threshold reductions
are still unresolved. The leading hypothesis, demon-
strated by Jones et al. with an injection model of an iso-
lated cardiac cell,> suggests that the first phase of a BP






