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Here, we describe the development of a multiscale computational cardiac modeling framework that bridges the physics occurring at different spatial and temporal scales. Specifically, the framework connects sub-cellular description of the coupling between electrophysiology and cross-bridge cycling to organ-level description of the coupling between different compartments of the circulatory system. Also connecting events occurring at different temporal scales, the framework describes how a short-term deviation from the homeostatic condition leads to long-term changes in ventricular shape and function. We demonstrate that the framework predictions are consistent with well-established physiology and observations, including (1) a linear end-systolic pressure-volume relationship and a linear MVO2-PVA relationship both produced under varying preload and afterload, as well as (2) a long-term rightward shifting of the pressure-volume loop during cardiac growth and remodeling. Applications using this framework will also be presented.

