Modelling the Influence of Cardiac Motion on Electrical Excitation and the
Magnetocardiogram
Stefan Fruhner1,2 , Harald Engel1 , Markus Bär2
1

2

Technische Universität Berlin, Germany
Physikalisch-Technische Bundesanstalt, Berlin, Germany
2.
2.1.

Abstract
Simulations of cardiac excitation were performed for
cross sections of the human heart. To create computer
models, magnetic resonance images (MRI) and magnetocardiograms (MCG) were acquired for a healthy human.
The effect of geometry on properties of the magnetic field
was investigated by running static simulations for two extreme cases – the relaxed state (diastole) and the contracted state (systole). The shape of the QRS complex
and the T-wave substantially changes showing a weak QRS
complex and elevated T-waves for the systolic geometry. In
a second step we incorporated the dynamical aspect by implementing an interpolation algorithm to emulate cardiac
contraction. The resulting simulated biosignals resembled
the MCG showing a pronounced QRS complex as well as a
T-wave of approx. the right amplitude. Hence, modelling
cardiac excitation should also account for detailed geometry changes in order to quantiatively reproduce the shape
of measured biosignals.

1.

MCG time series were recorded for a couple of volunteers. These measurements were performed on a 83SQUID machine at a sampling rate of 1kHz in a magnetically shielded room. Directly afterwards magnetic resonance images were acquired. This was done using a timeresolved tagged MRI protocol on a 1.5T machine. Using
the R-wave in the electrocardiogram (ECG) as trigger 17
images were recorded with a time step of 32ms covering a
complete contraction cycle. The original MR images have
a resolution of 256 × 256 pixels. One pixel has an edge
length of 1480µm (cf. fig. 1). A segmentation was done
manually using the software package ITK-SNAP 1 . For the
dataset of a 35 year old healthy male a person-specific finite element mesh was constructed. The regions of interest
– cardiac regions and the ventricles – were extracted. In the
next step the borders of these regions were estimated and
smoothed using a third-order B-Spline algorithm. Feeding
the boundaries into the software package triangle 2 two dimensional finite element meshes were created. For cardiac
regions an averaged edge length of 250µm was chosen.
So the resulting area constraint for one triangle was set
to 31250µm2 . For extra-cardiac regions and the cavities
this area constraint was reduced by the factor 0.5. In the
following step three-dimensional meshes were constructed
by creating a second layer in 250µm distance in the third
spatial dimension. The tetrahedralisation was done using
tetgen 3 . The resulting meshes meet strict conditions concerning the angle and volume distributions.

Introduction

The gain in computer power in recent years makes
whole organ modelling a valuable application for investigating patient-specific computer models. Whereas simulations of the static electro-physiology of the heart have
made big advances, the role of contraction often remains
unrevealed. Earlier works by Keldermann, Nash and Panfilov [1] [2] already showed an influence of contraction on
the excitation dynamics in reaction-diffusion systems. For
example it was shown that mechanical deformations may
lead to spiral breakup – one possible mechanism of the
transition from ventricular tachycardia to fibrillation. Previous work [3] also revealed a dependency of geometry on
computed biosignals and the need for taking cardiac contraction into account. In section 2 we briefly summarize
our methods how this is realised. We also present our approach of creating appropriate finite element meshes. In
section 3 we draw conclusions on the effect of motion on
the MCG for two different ionic models.
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2.2.

Simulation details

The cardiac excitation is modelled using the bidomain
equations – a set of partial differential equations for the
extracellular potential Φe and the transmembrane potential
Vm , which is defined as the difference of intra- and extra1 http://www.itksnap.org
2 http://www.cs.cmu.edu/

quake/triangle.html

3 http://tetgen.berlios.de
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sion of cardiac motion results in the MCG signal to develop a QRS peak as well as an appropriate T-wave. The
ratio of their maxima is similar to the value from the experiments. The method of interpolation still needs to be
improved. The approach also offers the opportunity to calculate the mechanical stresses during cardiac contraction
from experimental data without using detailed models on
calcium dynamics and stress-activated channels in cardiac
myocytes.
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The software CARP (Cardiac Arrhythmia Research
Package) that was used to solve the bidomain equations
was written by G. Plank and E.J. Vigmond. The magnetic resonance images were acquired at the DHZ Berlin
(Deutsches Herzzentrum) which was possible due to a cooperation with B. Schnackenburg, I. Paetsch and E. Fleck.
We would also like to thank H. Koch and S. Bauer for valuable discussions and software engineering.
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Figure 4. Magnetic fields Bz for static and dynamic simulations in 7cm distance to the active surface of the left
ventricle, top: BCF model, bottom: TNNP model

4.

Discussion and conclusions

In comparison to previous work [3] the differences in
the MCGs for the two extreme geometries are more pronounced. One reason is that here both ventricles are modelled – not only the left one as in [3] . This results in
larger differences in geometry that affect the biosignals
more strongly. In the present work the QRS complex even
disappears for the systolic geometry. On the other hand the
T-wave shows a much more pronounced peak compared to
the one in the experiments.
In the heart the QRS complex occurs at the start of
contraction, whereas the T-wave occurs during relaxation.
This is represented by the static simulations: With the relaxed mesh the T-wave is suppressed while it is overrated
for the contracted mesh. Vice versa the QRS complex is
formed using the relaxed mesh but not for the other case.
Only the dynamic simulations contain information of both
– the systole and the diastole – in the MCG. The inclusimulation setting
static diastole
static systole
dynamic

RT ratio BCF
6.6
3.8

RT ratio TNNP
8.3
2.5
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Table 1. Ratio of R-wave amplitude to T-wave amplitude
(RT ratio) for the different simulation settings
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