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Abstract - The performance of an electrical imaging pro- 
cedure for the heart ideally needs to be validated against inva- 
sive elecbical recordings made directly on the heart. We report 
here on an experimental and modelling program that is work- 
ing towards obtaining the necessary in-vivo data required for 
model validation. We also present results illustrating the per- 
formance of a recently published activation imaging algorithm 
using some of the data obtained to date. 
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I INTRODUCTION 

The goal of non-invasive electrical imaging of the heart is to 
quantitatively reconsuuct information about the electrical ac- 
tivity of the heart from densely sampled thoracic ECG signals. 
Recently a new activation imaging algorithm has emerged that 
provides powerful physiological constraints on the underlying 
cardiac activity. With such constraints, the problem of generat- 
ing the activation sequence from remote ECG signals is well- 
posed. Thus. one can expect to produce myocardial electrical 
source images of sufficient stability and accuracy to be useful in 
the clinical assessment of the heart. However, before this pro- 
cess can be applied in a clinical sense it needs to be quantified. 
We describe here a joint research program that is undertaking 
the experimental and modelling task needed for this verilica- 
don. 

I1 THEORY AND MODEL DEVELOPMENT 
The basic inverse algorithm is presented in Huiskamp and 
Greensite [l]. The procedure revolves around the identification 
of the criticaLpoints and times of the surface activation func- 
tion (Le., epi- and endocardial breakthroughlterminationpoints 
and times) via the use of a modified MUSIC algorithm. To use 
this method on a given individuaVanimal requires the construc- 
tion of an appropriate transfer function or mapping from the 
activation sequence to body surface potentials. 

A generic anatomically accurate computational model of a 
pig has been constructed from CT images using the fitting pro- 
cedure of Bradley et al. 121. This produces a computational 
model from which the appropriate transfer map can be con- 
structed. This model can also be customised to a given pig 
by morphing it using a small number of measurements from 
another pig (eg., length of sternum. heart size and position). 
Alternatively, once the experimental procedure becomes more 
routine, it is possible to CT or MRI the current experimental 
animal to create a more accurate computational model. 
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I11 EXPERIMENTAL PROCEDURE 
Experimental work has begun with the aim of trying to simulta- 
neously measure epicardial. endocardial and body surface po 
tentials on an anesthetised pig, together with the geometric po- 
sitions of all recording electrodes. Such data would not only 
provide the necessary data to validate the activation imaging 
algorithm of Huiskamp and Greensite. but also provide data 
with which to quantify epicardial inverse procedures against. 
The current experimental protocol is as follows: the animal is 
thoracotomised and a 127 channel epicardial sock is placed on 
the heart. The chest is re-closed and simultaneous body sur- 
face and epicardial recordings are made (the inclusion of en- 
docardial recordings will be added at a later stage). Electrode 
positions and in-vivo heart geomehy are recorded using a com- 
bination of ultrasound and a mechanical digitiser. 

Figure I: Activation map on the ventricular surface created 
using the algorithm of Huiskamp and Greensite [I]. 

N RESULTS 

The generic pig model has been customised to a given experi- 
mental animal. and the inverse activation map obtained using 
this model displays the appropriate generic featurea as seen 
from epicardial sock maps. Work is continuing in the areas 
of improving the in-vivo epicardial elecuode localisation, and 
investigating the possibility of recording endocardial events as 
well. 
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