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Atrial fibrillation (AF) is the most common clinical arrhythmia, but its treatment is inadequate because of limited knowledge of the underlying molecular disease mechanisms. Traditionally, AF is attributed to multiple reentry circuits due to conduction and refractoriness abnormalities. Electrical and structural remodeling paradigms have emerged as key elements in AF-substrate development, but there are crucial intermediate, presently-unidentified factors in AF perpetuation. Lines of evidence point to the importance of focal mechanisms and of abnormalities in intracellular Ca-handling as missing links in AF-initiating focal activity and in perpetuation by rapidly-firing foci and reentry. Experimental atrial tachycardia promotes AF induction and maintenance by abbreviation of atrial refractoriness, primarily by ICa,L-downregulation and increased inward rectifier potassium currents. In contrast, AF development in heart failure models is maintained by reentry (without refractoriness abbreviation) and focal-driver mechanisms likely resulting from cardiomyocyte Ca-overload with subsequent delayed afterdepolarisations (DADs) and triggered activity. In AF-patients, atrial tachycardia and heart disease-based remodeling coexist, resulting in highly complex changes of atrial function involving reentry and Ca-related triggered activity-based focal sources. At the molecular level, reduced inhibition of Serca2a by hyperphosphorylated (less active) phospholamban helps to maintain a normal sarcoplasmic reticulum (SR) Ca-load despite increased spontaneous Ca-release events (sparks) and Ca waves through leaky (hyperphosphorylated) ryanodine channels. However, the increased SR Ca discharge predisposes to spontaneous Ca-release events, DADs and triggered activity further promoting the ability of AF to sustain. Thus, Ca2+-related triggered activity may be a novel focal mechanism in the progression and maintenance of AF.

