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Spatial and Temporal Heterogeneities of Cellular Restitution are Responsible for Arrhythmogenic Discordant Alternans

Joseph M Pastore, Case Western Reserve Univ; David S Rosenbaum, Case Western Reserve Univ
We have shown that action potentials alternating with opposite phase between regions of cells, i.e. discordant alternans, produce critical gradients of repolarization which form the substrate for functional block and reentry. However, the mechanisms responsible for discordant alternans are unknown. To test the hypothesis that both spatial and temporal (i.e. beat to beat) heterogeneities in cellular repolarization kinetics (i.e. restitution) cause discordant alternans, action potentials were recorded from 256 sites simultaneously using optical mapping in the guinea pig model of pacing-induced T wave alternans (n=13). Restitution was determined during action potential duration (APD) alternans by applying a single premature stimulus (S2) following the alternating beat associated with APD lengthening (APDL) or APD shortening (APDS), and comparing the premature APD that resulted from each case. During APD alternans, the restitution curve for APDS shifted significantly (by 3214 ms) from the restitution curve for APDL; whereas, in the absence of APD alternans, restitution remained temporally constant (NO ALT) (Fig.). Moreover, discordant alternans only formed when restitution changed temporally. Furthermore, the time constant of restitution varied substantially across the epicardium (range 2-23 ms). Using a theoretical model of restitution based on experimental data, we found that both spatial and temporal heterogeneities of restitution were required to elicit discordant alternans. CONCLUSION: These data suggest that during cellular alternans, temporal heterogeneities of restitution superimposed on spatial heterogeneity of restitution between cells promotes conditions required for arrhythmogenic discordant alternans. 
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