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Heart failure is known to be associated with changes in metabolite pools, and theoretical modeling studies 
have revealed that these changes result in a loss in the available free energy of ATP hydrolysis. Since a 
variety of cellular processes in the heart depend critically on ATP, it is hypothesized that alterations in ATP 
hydrolysis potential could result in mechanical dysfunction at the level of the cardiac myocyte resulting in 
impaired contractile performance of the heart and, ultimately, heart failure. However, heart failure is almost 
always accompanied by tissue and organ level structural remodeling that may be a consequence or a cause of 
energetic failure, or may occur independently from it. Moreover, heart failure is a whole-body disease, with 
clinical presentation influenced by cardiac, pulmonary, renal, and neurohumoral function. To probe if and 
how energetic failure influences loss of cardiac mechanical function and its role the pathogenesis of heart 
failure, we have developed a multiscale model of heart disease spanning molecular/metabolic function to 
whole-body cardiovascular dynamics. 

The model for myocardial metabolism is constructed based on in vitro experiments informing kinetic models 
at the levels of individual enzymes, transporters, and purified mitochondria. Experiments are conducted on 
isolated cells to identify models of cross-bridge mechanics, cellular electrophysiology, and calcium 
dynamics. The developed cell-level model is integrated into a whole-organ model of cardiac mechanics, 
which is in turn integrated into a whole-body model of cardiovascular dynamics. Simulations of the model 
reveal the extent to which the key clinical features (e.g., systolic dysfunction, pulmonary venous congestion) 
emerge as consequences of metabolic dysfunction at the cellular level. 

 


