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T-wave alternans is closely associated with ventricular arrhythmias.  Recent optical mapping study by Pastore et al [Pastore et al, Circulation 99, 1385(1999)] showed a mechanistic link of discordant alternans to ventricular fibrillation.  However, the mechanism of the initiation of discordant alternans is not clear.

Methods. We carried out computer simulation in 2D cardiac tissue model with the Phase I Luo and Rudy (LR1) cell model to achieve desired action potential duration (APD) and conduction velocity (CV) restitution properties [dependence of APD or CV on previous diastolic interval (DI)].  We also altered the maximum K+ channel conductance throughout the tissue to model inhomogeneities.  A fixed rate pacing (S1 pacing) was used to study the initiation of discordant alternans.  A premature stimulus (S2) following S1 pacing was used to study the induction of reentry.

Results.  When the slope of APD restitution curve was <1 for all DIs, no alternans occurred; when the slope of APD restitution curve was >1 in a range of DIs but no CV restitution was present, only concordant alternans was observed; when the slope of APD restitution curve was >1 in a range of DIs and with CV restitution present in the same DI range, a transition from concordant alternans to discordant alternans was observed, as the pacing rate increased.  Induction of reentry was very difficult when the slope of APD restitution curve <1 for all DI, even when very large inhomogeneities existed in the tissue.  When the APD restitution was steep and discordant alternans occurred in the tissue, induction of reentry was easy and the vulnerable window in which reentry can be induced is large.
Conclusions. The slope of APD restitution is the determinant of T-wave alternans; CV restitution converts APD restitution induced alternans into discordant alternans; Discordant alternans results in extremely slow propagation of the waveback and thus facilitates local conduction block and reentry.  Dynamically induced dispersion of refratorieness is more important than preexisting inhomogeneities for the induction of reentrant arrhythmias.

