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INTRODUCTION 

Cardiac models are among the most mature biophysical models with research going back to Hodgkin and Huxley’s work 

on mathematical models of excitable membranes in the 1950s [1]. Since then, the field of has advanced to a stage where 

clinical application of cardiac modelling can be conceived. Multiscale, multiphysics cardiac models with high degree of 

detail both on molecular as well as organ level require large computer resources [2-4]. Having said that, we have recently 

developed a model to support risk stratification of long QT 1 patiens [5] that does not necessarily require supercomputing 

resources. This leads to the question whether supercomputing in cardiac modelling is required to have a clinical impact. 

We will discuss by giving examples of our previous work and will conclude by outlining future directions. 

MULTISCALE CARDIAC MODELS 

Multiscale cardiac models of the electrophysiology of the heart can be used to investigate the effects of changes on 

molecular level, e.g. the ion channel, on the excitation of the whole heart. The mathematical description of these models 

comprises a few to two hundred ordinary differential equations for each cell model depending on its complexity. The 

excitation propagation is modelled using diffusion equations. The heart comprises billions of cardiac tissue cells. 

However, current heart anatomies used in the simulations studies have a resolution of around 0.2mm with about 30 – 50 

million tissue elements [2-4]. This leads to a set of equations whose iterative solution over time requires long simulation 

times in the order of weeks on commodity clusters for a single heart beat. Run times of that magnitude denies clinical 

application of those detailed multiscale cardiac models. Recently, we [2, 4] and others [3] have shown that these models 

can be scaled to tens of thousands of compute cores yielding simulation run times for a heart beat in the order of minutes. 

This makes feasible and enables new research into clinical applications of these models.  

IN-SILICO CARDIAC RISK ASSESSMENT OF LONG QT 1 PATIENTS 

However, smaller cardiac models have been shown to agree with clinical observations. We developed a one dimensional 

model that represents a transmural line across the ventricular wall. While we use a very detailed ventricular cell model, 

the one dimensional string of cells only comprises 192 elements plus 96 boundary elements. With this model, we can 

simulate the effect of different mutations in the slow potassium current IKs on the transmural electrocardiogram (ECG). 

We can measure the changes in the QT interval with respect to the wild type. The results suggest that these simulations 

can be used to predict clinical outcomes of mutations in the IKs channel. This has the potential to improve risk 

stratification in long QT 1 patients and thus could have a clinical impact in the future. A simulation of 60 seconds takes 

about 6h on 144 cores of the IBM Blue Gene/P supercomputer which shows that this model can easily be run on 

commodity clusters within a short timeframe. Thus, the need for supercomputing in this case is not apparent. 

CLINICAL APPLICATION OF CARDIAC MODELS 

While the one dimensional model can be used for in-silico cardiac risk assessment, many clinical applications cannot be 

achieved. Therapy planning for ablation or pacemaker therapy requires the patient’s anatomical structures for individual 

planning. Macroscopic structures play an important role in excitation propagation and contraction. This leads to an 

increase of computation resources because one has to use not only a mutliscale but also a multiphysics heart model to 

simulate all properties of the heart that the clinicians are interested in. Such a model would comprise electrophysiology, 

mechanics and contraction as well as blood flow both in the cavities as well as in the coronary vessels. Only such a 

model allows the simulation of pathological processes such as the development of an ischemic region in the heart to 

investigate mechanisms of infarctions and heart attacks. Furthermore, the interplay between mechanics and electrical 

stimulation is still poorly understood. Questions are whether the clinician can change the electrical stimulation of the 

heart by way of ablation or pacemaker to improve cardiac function. Especially, in patients with abnormal anatomical 

structures, e.g. where the right ventricle is larger than the left ventricle, the results are yet unpredictable of such 

interventions. Here, cardiac model simulations could provide important a priori knowledge for therapy planning. The 

other clinical application where multiscale, multiphysics cardiac models are required is cardiac resynchronization therapy 
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(CRT) where the responder rate currently is about 70%. It has been shown that optimization of the pacing parameters and 

placement of pacemaker leads in CRT increases responder rate. However, in clinical routine, extensive optimization for 

each patient is not feasible. Cardiac simulations based on the patients anatomy and patho-physiology could provide 

invaluable information before and during pacemaker implantation procedure so that responder rate would increase. The 

optimization of therapeutic procedures requires a large amount of simulation runs. Frameworks such as NIMROD have 

been shown to be applicable to high throughput cardiac science [6] and offer the opportunity for integration into clinical 

workflows. 

CONCLUSION 

We find that clinical impact can be achieved with cardiac computer models that do not require the supercomputing 

capabilities of systems with thousands or tens of thousands of cores. However, when investigating patho-physiological 

processes on organ level that take place over hours like blockage of a coronary vessel that causes ischemia and infarction, 

or if electro-mechanical processes are investigated, multiscale, multiphysics models of the heart are required that demand 

the use of supercomputers to accomplish simulation times that can be integrated in clinical workflows. 
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