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Interplay between the systolic Ca transient, SR Ca content and Ito: a recipe for arrhythmias
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Previously we have shown that the reduction in Ca transient amplitude observed in the hypertrophied heart was brought about by a decrease in SR Ca content. In this study we have investigated if Ca homeostatic mechanisms are altered in a similar way during congestive heart failure (CHF) and how arrhythmogenic risk may be increased despite any reduction in SR Ca content. 

Heart failure was induced in adult male ferrets by chronic pressure overload of the left ventricle. At the onset of CHF (or the equivalent time period for sham operated animals) myocytes were isolated from the sub-epicardial (epi) and sub-endocardial (endo) regions of the left ventricle. Experiments were performed using the perforated/whole cell patch technique under current or voltage clamp control at 37°C.

Ca transient amplitude was significantly reduced during CHF (680±78 vs 362±51nM sham vs CHF; p<0.05, n=16 to 20). CHF resulted in a reduction in SR Ca content to 76% of sham levels (85±8.6 vs 65±6.2 µM CHF vs sham; p<0.05, n=10 to 23) and we suggest this underpins the reduction in Ca transient amplitude. RT interval (analogous to QT interval) derived from ECG telemetry implants, was found to increase on progression to CHF and ventricular arrhythmias were observed. Action potential duration (90% recovery from peak at 0.5Hz) was increased during CHF in the endo region only (299±25 vs 618±78ms sham vs CHF). The transient outward current (Ito) was decreased in the endo region during CHF (3.0±0.6 vs 1.9±0.5pA/pF sham vs CHF p<0.05). This difference did not exist in the epi region and we suggest that regional alterations in Ito may contribute to the regional changes in action potential duration and subsequently the increased RT interval at CHF. Enhanced transmural gradients in action potential duration and Ito may increase the risk of arrhythmias via re-enterant mechanisms.

