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Abstract. ECGSIM is a simulation program that has been deviced to allow its user to interactively change the timing 

of depolarization and repolarization on the ventricular surface as well as the local source strength and study the effect 

of such changes on electrograms on the heart surface as well as on body surface potentials. It aimes at being a research 

tool as well as a teaching tool for those interested in the basic aspects of the genesis of the electrocardiogram. Some of 
its major features are discussed. The simulation package is available at: www.ecgsim.org. 
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1.  Introduction 

The development of diagnostic ECG criteria has been accompanied by the development of biophysical models aimed 
at linking the electrophysiology of cardiac function to the waveforms of the ECG signals observed on the body 

surface. The need for the use of models stems from the fundamental impossibility of deriving a unique specification of 

internal bioelectric sources on the basis of observations of the potentials on the body surface: a multitude of different 

source give rise to identical data outside the actual source region. Invariably, two models are involved: a model of the 

bioelectric generator, i.e. a source model, and a model for describing the effects on the observed signals of the body 

tissues that surround the active electric sources: a volume conductor model. The simulation program ECGSIM allows 

the user to interactively change the timing of depolarization and repolarization on the ventricular surface as well as the 

local source strength and study the effect of such changes on electrograms on the heart surface as well as on body 

surface potentials. The theory behind the forward computation is outlined here only briefly, focussing on the aspects 

of the source parameters that can be changed interactively. The announcement of the official release of the package 

through the internet has been submitted to Heart. 

2.  Theory 

The source model used in the simulation is the equivalent double layer (EDL). It expresses the entire electrical activity 
within the ventricles by means of a double layer source situated on the closed surface SV bounding the ventricular 

myocardium. For any position on SV the time course of the local source strength is taken to be proportional to the 

transmembrane potential of the cells near SV. For the depolarization phase the EDL has a direct link with the classic 

uniform double layer (UDL), located at the depolarization wave front. This follows from the application of the solid 

angle theory [Cuppen and van Oosterom 1984; van Oosterom 2002]. The extension of the UDL to the T wave is a 

more recent development [Geselowitz 1989, 1992; van Oosterom 2001,2002a]. 

Two transfer matrices were computed: the transfer between the EDL elements and the potentials on SV and the 

transfer between the elements of the EDL and the potentials on the thorax surface. These matrices were computed by 

applying the Boundary Element Method to the geometry of the torso and that of the relevant conductivity interfaces, 

measured by means of magnetic resonance imaging. The model takes into account the relatively low conductivity of 

the lungs and the relatively high conductivity of blood in the ventricular cavities[Huiskamp and van Oosterom 1988]. 
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3.  Methods 

The source model applied in ECGSIM is the EDL as discussed above. The surface SV was discretized by small 

triangles, the N vertices (nodes) of which (N=257) served to specify the locations of the equivalent double layer 
elements. For any position on SV the time course of the local double layer strength is taken to be proportional to the 

transmembrane potential of the cells near the boundary. 

The time course of the source strength of any node n is assigned the shape of the transmembrane potential specified at 

1 ms intervals. The general shape of this curve was taken to be identical for all nodes. Its downward part was derived 
from a weighted mean of the measured ECG during the T wave [van Oosterom 2002a]. The timing of local 

depolarization (taken to be the moment of maximum slope of the upstroke) at node n of SV is denoted as dn. Similarly, 

the time instant of the maximum negative slope is taken as a marker for the timing of local repolarization. For 

node n it is denoted as rn. The interval an = rn - dn is a measure of the local action potential duration (APD). 

The magnitudes of the upstroke of the local transmembrane potential, for node n denoted by mn, are used to specify 

local source strength. The default settings of these values are at a uniform maximum. 

ECGSIM has default settings for the parameters dn and rn. These were found by means of an inverse procedure applied 
to measured body surface potentials [Cuppen and van Oosterom 1984; Huiskamp and van Oosterom 1988, van 

Oosterom 2001]. The default setting for the source magnitude mn is 100%, corresponding to uniform magnitude of the 

upstroke of the action potential. By reducing the source strength at node n the effect of, e.g., local ischemia on body 

surface potentials may be studied. The distribution of each type of source parameters (dn , rn , an or mn ) may be 

viewed on SV. 

The simulated potentials at both the heart surface and on the body surface may be viewed as waveforms (electrograms 

and/or QRST complexes), potential maps or movies. A set of measured body surface potentials is provided as a 

reference. 

4.  Using ECGSIM 

Starting from their default setting any of the source parameters, at any of the nodes, may be varied; the effect of this 

on heart and body surface potentials is visible instantaneously. 

While changing the value of a node parameter value, the values at the surrounding nodes may be set to change by a 

factor that decreases with distance. The distance involved (corresponding to, e.g., the extent of an ischemic region) 

may be set interactively, and may be chosen to be effective either over the surface that carries the node operated on, or 

throughout the myocardium. In this way epicardial, endocardial or changes involving regions, of different extent, on 

both endocardium and endocardium may be induced. 

Another option for manipulating the parameters is to modify their overall statistics: mean and standard deviation. 

Examples of the usefulness of this option are the study of the expression of the dispersion of the source parameter 

values, e.g. APD, on body surface potentials (QT dispersion) or the expected changes in T wave morphology 

associated with the long QT syndrome. 

Parameter settings adapted during a session, as well as the resulting potentials, may be stored for subsequent 

processing outside ECGSIM. These stored sets may also be reloaded for subsequent use in ECGSIM. 

5.  Conclusion 

By comparing the simulations to the measured data it can be seen that the quality of the simulation is high. We feel 
confident that this package will be of great practical use to others studying or teaching the basic properties of the 

genesis of the QRST waveforms. 
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