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Summary

This paper describes a non-invasive mathematical method for estimating the locations and sizes of
myocardial infarction using body surface electrocardiographic mappings. The inverse calculation is the
theoretical basis of our method of estimation. First, the boundary integral equations were used to relate
body surface and epicardial potential distributions. Next, a spherical harmonic expansion was used to
solve the equations in order to obtain the epicardial potentials from the body surface potentials.

The validity of the method was assessed by animal experiments and the clinical application.
Body surface potentials were recorded using a 128 channel electrocardiographic mapping device equipped
with a 16 bit microprocessor. In the animal study, the epicardial potentials were recorded by another
potential mapping device simultaneously with body surface potential recordings.

In the animal study, 60 epicardial electrodes and a freezing unit were mounted on an elastic fabric
sack and attached to the heart. After completion of open chest surgery, freezing myocardial injury
was incurred by perfusing —50°C acetone-dry ice cryogen into the freezing unit. Twenty minutes after
the start of freezing, ST elevations of the body surface and epicardial potentials were simultaneously
recorded. An ST subtraction map was compiled as the difference between the maps before and after
the myocardial freezing injury. Then, an inverse calculation was applied to the ST subtraction potentials
to estimate the epicardial ST elevation. The geometric parameters of each electrode were determined
from stereometry using two-dimensional X-ray images.

In the clinical study, the body surface potentials of a patient with old myocardial infarction
were recorded. The abnormal Q subtraction map was calculated as the difference between the measured
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and standard potentials of a normal subject. In the inverse calculation, the geometric shape of the
heart and the body surface were determined from cross-sectional body images of computed tomography.
The location of the infarction was estimated independently using coronary arteriography and left ven-
triculography.

The results obtained were as follows:

1. Experimentally, the estimated epicardial ST elevations correlated well with the measured
ones. The area of estimated ST elevation included the portion of the myocardial injury produced by
the freezing procedure, although the area estimated was relatively small compared with the actual one.

2. Climically, the estimated abnormal Q area correlated well with the area of the left anterior
descending artery in which severe stenosis was detected by coronary arteriography. At the same time,
the abnormal Q area corresponded to hypokinesis of the left anterior wall which was demonstrated by

left ventriculography.
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Fig. 1. Electrodes mounted on an elastic fabric
sack for recording epicardial potentials.
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Fig. 2. Freezing chamber (left) connected to acetone-dry ice tank (right) by Teflon tube.
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Fig. 3. Epicardial electrocardiograms of a dog recorded 20 minutes after the start of myo-

cardial freezing.

A black dot shows the freezed region in which ST elevation and negative T' waves are observed.
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Fig. 4. Body surface electrocardiograms of a dog recorded simultaneously with epicardial

ones shown in Fig. 3.

The milder and more widely distributed ST-T changes are observed over the chest wall than the

epicardial surface.
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Fig. 5. Comparison of measured and estimated epicardial ST subtraction potentials.
Upper right shows the body surface ST subtraction potentials. Dotted area indicates the area of
ST elevation more than +1 mV. Black dot indicates the freezed area.
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Fig. 6. Q,, map of a patient with old myocardial infarction.
The endircled area indicates the region with abnormal Q waves lasting more than 30 sec.

— 721 —



Hep, L, L ESe

ANTERIOR

Q.0 .42 .40 -0.48 ~4.43 -9.39 -0.73 -4.87 .97 6.14

POSTERIOR

Q.18 €.15 -€.87 -0.78 -0.38 ~4.39 -4.30

‘_.

. N
I .42 0,07 0.8 3 000 -89 0.
P SRR AN
, H
“ofts <a.cd 0.0 0,01 ~.20 -0 -6, .11
H "
{80 .40 -0.50 ~0.87 0.7 :9.72 \0.e1s 0,1
180 <000 D 087 0TI W
‘ H \
<im <iw 0. .01 < Y7 -0.0
N N
<{m 0,20 9.5 0. «0.a2 -3.00 -e0’ fy
D 0.8 9.9 0. <082 -3.0 (940’

s .- Pt
AN o e S

. - 4
0l18 .37 eer v Te 11 Yaa-Ce. e

.l'- e

\
N
0,12 .30 0.0 aise

° |
008 <0.34 .20 wise

0.67 0,10 0.3 iz

FRANE NUMBERS L

CALCULATED EPI.

LEVEL SEPARATIONS:0.2%(RY)

MAP

Lead II

Fig. 7. Body surface potential map of a patient with old myocardial infarction (upper) and

estimated epicardial potentials (below).

Sparsely dotted area has Q waves with the amplitude between —1.0 and —2.0 mV. Densely dotted
area has Q waves with the amplitude lower than —2.0 mV.
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and estimated epicardial potentials (down).

Sparsely dotted area has Q waves with the deflection between —1.0 and —2.0 mV. Densely dotted
area has those with the deflection lower than —2.0 mV.
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Fig. 9. Coronary angiographic findings of a patient with old myocardial infarction.
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