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Abstract

In this study, a computational framework combining
state-of-the-art cardiac simulation software and Grid computing is used to investigate the impact of the block of the
HERG current on the ECG waveform using state-of-the-art
3D ventricular models of electrophysiology. The technology developed enables (i) automated parameter sweeping
using multiscale models (from ion channel to ECG) and
(ii) reduced execution time of the simulations performed.

1.

Methods

2.1.

From ion-channels to ECG

The forward problem of electrocardiography in complex cardiac geometries is challenging in terms of biological complexity and computational tractability. Here we
employ a multi-scale modelling approach to the problem,
which includes representation from the ion channel to the
ECG level. The cardiac simulation framework Chaste was
used to simulate propagation of the AP throughout the ventricles using the bidomain model. This set of two partial differential equations (PDEs) consists of a reactiondiffusion system, modeling the intra and extracellular potentials coupled through a nonlinear reaction term described by a system of ODEs representing membrane kinetics. In this case, the Faber and Rudy model, a set of 25
ordinary differential equations (ODEs) [1], was used to describe ion channel kinetics and intracellular ionic concentration changes, characterising the cellular action potential
(AP) at each node. Cardiac electrical activity was simulated over a computational finite element mesh describing
ventricular anatomy (Figure 1). Transmural differences in
ionic currents were also incorporated into the model.
Outside the heart region, the space was modelled as
a passive resistive network where electrical propagation
obeys the Laplace equation. The ECG was extrapolated by
plotting the potential over time at the surface of the control
volume at a node located in proximity of the heart. The
control volume representing the body was a regular cuboid
within which the heart is immersed.
The main advantage of this multi-scale approach is the
ability to bridge the gap between micro-scale (ion channel kinetics) and macro-scale (ECG). By using a detailed
and biophysically-based cell model ([1]), it is possible to
evaluate the impact of a variety of cellular parameters on
the shape of the ECG. Here we present simulation results

Introduction

Sudden cardiac death is the major cause of mortality in
industrialised societies, and thus understanding cardiac activity in health and disease is a crucial research topic. For
the last 40 years, multiscale computational modelling in
cardiac electrophysiology has evolved into a mature discipline, which has played a crucial role in the understanding
of the physiology and pathology of the heart. Continuous
advances in computational techniques and resources allow
tackling modelling and simulation research problems of increasing complexity and interest.
In this work, Grid computing technology is combined
with state-of-the-art cardiac simulation software and 3D
ventricular models to provide the computational framework required to investigate changes in the electrocardiogram (ECG) caused by ion channel block. The technological challenges addressed through this work are highly interdisciplinary including numerical, computational, modelling and electrophysiological aspects. The first application of this work is to enable the investigation of the impact
of different degrees of ion channel block on the ventricular
electrophysiology and the ECG using state-of-the-art 3D
computational models.
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Figure 4. Simulation results. The top panel shows six
cellular APs obtained with six different levels of IK r block
(from control case to 50% block). Corresponding surface
ECG traces are shown in the bottom panel.
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of concept, we have shown that the application of such
tools allows direct assessment of the impact of GKr on
the shape of the ECG waveform. We believe this work
will set the path for future highly computing-demanding
studies on how cellular processes affect the overall cardiac
mechanism.
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