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Abstract

Previous electrocardiographic inverse problem studies have fo-
cused on deducing equivalent heart sources or reconstructing epicar-
dial potentials from the measured body surface potentials. Many
equivalent representations of the cardiac sources can be used. We do
not know in advance which equivalent representation is more suit-
able, we can employ the equivalent representation in this way or in
that way. Even i the employed equivalent representation is suitable
for cardiac sources, the inverse solutions are not accurate because of
the ill — posed nature of the inverse problem. So the inverse problem
in terms of equivalent heart sources has little applicability. For the
inverse problem in terms of epicardial potentials, theoretically, the
reconstructed epicardial potentials’ possess higher diagnosis resolu-
tion compared with the body surface potentials, however, the inve-
rse solutions of this approach are also not accurate enough for clinical
applications. The most shortcoming of these two approaches is that
both of them have not related the body surface potentials to the exci-
tation propagation process in the heart.

The developments of the excitation propagation — type heart
meodels (forward problems) enable us to study the relationship be-
tween the body surface potentials and the excitation propagation of
the heart. Combining the forward prohlem with the inverse problem
can produce a new approach to the inverse problem, i.e., solutions
in terms of heart — torso model parameters, which were introduced
by us for the first time in the world. In the heart — rorso model, the

heart excitation propagation depends on a set of model parameters,
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so the heart excitation propagation should be determined if we can
deduce the model parameters from the body surface potentials. The
most important advantage of this approach is that the guantitative
information of the heart disease (the position, the range and the se-
rious degree of the focus, etc. ) could be determined from examina-
tion of the recovered heart — torso model parameters.

The author has done the following research work:
1. Research work on electrocardiographic inverse problem

After reviewing the previcus electrocardiographic inverse prob-
lem studies, the author introduced a new approach to electrocardio-
graphic inverse problem studies, i.e., solutions in terms of heart —
torso model parameters, and designed a research scheme. To verify
the validation of the new method, the author used rhe approach to
localize the site of ventricular preexcitation with simulated body sur-
face potential data in mimic patients with Wolff — Parkinson — White
{(WPW) syndrome. The inverse recovered preexcitation site was in
close agreement with the true preexcitation site, usually the position
error does not exceed 4. 5 mm. The measured body surface potential
data has been mimiced by adding noises and electrode position errors
to the simulated body surface potential data. The results showed
that the stability of the inverse solutions was satisfactory under the
simulated body surface potential data with noises (SNRZ215) and

the maximum electrode position error less than 10 mm.
2. Development of the heart — torso model editor

The new approach of electrocardiographic inverse problem
required accumulating a huge amount of knowledge on the relation-

ship between body surface potentials and the state of the heart. That
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needed a lot of simulation experiments. To set the model parameters
in the previous LFX heart — torso model, one must change the data
file by a point — to — point method. That was very time consuming
and mistakes were easy to be made. So we developed a model editor
that employed the imaginal graphic mode to set the heart  torso pa-
rameters and combined wirth the functions of simulaiing and results
displaying , and the heart — 1orso model turned out io be a convenient

system software.

3. Simulation studies of epicardial potentials and vectorcar-

diogram

These were new developments of the LFX heart — torso maodel.
Epicardial potentials have been simulated based on our heart — torso
model. [t was the first time in the world that used a realistic heart —
torso model to simulate the epicardial potentials. The author sug-
gested that people should use simulation method o accumulate a pri-
ori information of epicardial potentials, and then use it to improve
the accuracy of the inverse solutions of the inverse problem in terms

of epicardial potentials.
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