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Solving the electric activity of the heart requires an enormous effort of data integration for generating a suit-
able model for simulation. A suitable model incorporates substructures and specialized subsystems of the 
heart, namely the atria, the ventricles, and the specialised conduction system. In addition, it will also include 
an anatomically accurate description of the human torso in which the heart is embedded. The resutling model 
will be of multi-scale nature (ranging from the ionic channels to the surface ECG). The multi-scale nature of 
the electrophysiology problem (time constants for the different kinetics ranging from 0.1 to 500ms) makes 
difficult its numerical solution, requiring temporal and spatial resolutions of 0.1ms and 0.2mm respectively for 
accurate simulations, leading to models with millions degrees of freedom that need to be solved for thousand 
time steps. Solution of this problem requires the use of algorithms with higher level of parallelism in multi-
core platforms. In this regard the newer programmable graphic processing units (GPU) has become a highly 
parallel, multithreaded, many-core processor with tremendous computational horsepower. This paper presents 
results obtained with a novel electrophysiology simulation software entirely developed in CUDA. The software 
implements fully explicit and semi-implicit solvers for the monodomain model, using operator splitting. Per-
formance is compared against classical multi-core MPI based solvers operating on dedicated high-performance 
computer clusters. Results obtained with the GPU based solver show enormous potential for this technology 
not only for research but also for clinical application due to its efficiency and lower hardware cost. The versatil-
ity of in-silico simulations is demonstrated on simulations of heart and atria models.


