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Abstract
Propagation of electrical excitation in the rabbit heart
was computed using a simple realistic ionic model. Excitation was initiated by two different stimulation protocols. The simulations were compared to surface electrograms obtained from autonomously beating rabbit hearts
in Langendorff perfusion. Additionally the influence of a
gap junction blocking drug (palmitoleic acid) was investigated. After filtering the data, they were characterized by
surface propagation speed maps. Under influence of the
drug the propagation speeds decreased by 10-20% while
the QRS time increased by approximately 10%. The first
observation could be confirmed by simulations where the
speeds were lowered by 10-30%. The QRS time showed
a larger increase by up to 33%. The first protocol with a
stimulation near the apex showed a more realistic shape of
the QRS complex and reproduced the QRS time more accurately. The second, Purkinje type protocol yielded better
agreement concerning the propagation speeds.

1.

Methods

2.1.

Surface measurements and data
analysis

After extracting the rabbit hearts, the method of Langendorff was used to prepare them for recording several
surface potentials – referred to as ECGs – from the left and
right ventricular (LV and RV) epicardium using electrode
arrays consisting of 8 x 8 unipolar AgCl electrodes. These
arrays of the size of 1 cm2 were attached to the cardiac
surface elastically to allow them to follow the movement
during the heart beat. For a more detailed description of
the perfusion measurement setup see [2].
For two rabbit hearts the ECGs were recorded under normal conditions. An example of an ECG recorded under
normal conditions can be seen in Figure 1. These measurements were repeated under the influence of 1 µMol palmitoleic acid (PA) in a 0, 1h dimethyl sulfoxide (DMSO)
solution which blocks the gap junctions of the cardiac myocytes. Effectively the conductivity of the ionic currents in
the cells is lowered.
The experimentally obtained signals were filtered using
a Kaiser low pass filter with order 200 and a cut frequency
of 200 Hz. From the ECGs activation maps according to
the array electrode geometry were obtained by choosing an
arbitrary reference time and calculating the time delay to a
fiducial value in each of the ECGs. Using these maps the
propagation speeds were computed according to

Introduction

In recent years, many sophisticated computer models
were developed to describe the physiology of animal and
human hearts. Such models are still debated controversially with emphasis on how the individual geometry, fibre orientations and the physiology of the tissue should be
treated. In this work we focus on how experimental data
can be reproduced in a computer model regarding the effect of a gap junction blocking agent. In detail we consider the experimentally obtained surface speeds and the
length of the QRS complex. We describe the method of
calculating the surface speeds and in which way they are
affected by the influence of palmitoleic acid. In section 2.2
we describe the computer model designed to reproduce the
experimental data. Finally, in section 3 we present our results. A similar study investigating the effect of a sodium
channel blocking drug (ajmaline) was presented earlier [1].
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2.

V (x, y; t) = |∇Ta (x, y; t)|−1 ,

(1)

where V denotes the surface propagation speed and Ta the
activation time. The gradient of the activation time was
computed by discretization. As a result we obtained maps
showing the spatial speed distribution in a 6 x 6 array on
the heart’s surface analogously to the procedure employed
in [1].
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the surface ECG much more strongly than in the sinus protocol. The shape of the QRS is better reproduced by the
sinus stimulation protocol.
The effect of a conductivity lowered to 70% is a rise
from 10 to 12 ms in the case of the sinus protocol and
a rise from 12 to 16 ms for the Purkinje protocol. This
corresponds to an increase of 20% and 33% respectively
compared to the values under normal conditions.
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Figure 7. QRS prolongation in the model. Top: sinus protocol. Bottom: Purkinje protocol. Left: normal conditions
and right: influence of PA

4.

Discussion and conclusions

Comparisons between the results of our computer model
and experimental data investigating the influence of palmitoleic acid were presented. The effect of the drug was successfully modelled by decreasing intracellular conductivity to 70% of the normal value. Our new improved stimulation model shows a good accordance to the propagation
speeds but does not reflect the shape of the QRS complex
correctly and its prolongation with decreased intracellular
conductivity. This effect is better reproduced with the simpler sinus protocol which shows approx. 20% increase of
the QRS time compared to 9% in the experiments. Many
aspects of the experimentally found results could be reproduced by the simulations. Quantitative agreement is
not always achieved. Large differences of experimental
results for different rabbit hearts as well as the strong dependence of the excitation and propagation properties on
the particular stimulation protocol suggest that more accurate information of the individual anatomy of a heart (including geometry and structure of the Purkinje system) and
an improved stimulation protocol will be needed for a full
quantitative prediction of experiments.
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