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Abstract: Aimed-lead potentials on the heart in
a concentric-spheres model, found as a weighted
sum of the terms in a multipole inverse solution,
were compared to those found using the boundaryelement method. Relative errors were comparable when optimal regularization was used. The
boundary-element solution wasi more sensitive to the
need for regularization, which suggests that the multipole solution may be more robust where exact geometry is not known. The aimed-lead method was
applied to the multipole inverse solution for a normal adult male obtained in an individualized torso
model.

strained least-mean-square fit with Tikhonov regularization dependent on the multipole order and the radius of
the outer sphere, assuming no correlation between multipole components. The multipole expansion was then
used with the ALM to find potentials on the heart surface.

The ALM gives the potential that would exist on a
in an infinite medium surrounding the centrally
located time-varying multipole components. The potential measured by an aimed lead, V,qJrvpo, at location
(0",öo) on a sphere of radius .R is given by
sphere
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INTRODUCTION
Inference of epicardial potentials from body-surface

potentials is of interest because of the utility of these
potentials and the ease of their interpretation compared
to other forms of inverse solutions. Epicardial potentials
are commonly inferred by calculating coefficients which
directly link epicardial and body surface potentials via
the boundary-element method (BEM) tl]. They may
also be found from an equivalent cardiac source [2] using the aimed-lead method (ALM) [3]. Because the inverse solution for a multipole source is not dependent on
heart geometry and may meet constraints assumed for
many regularization techniques better than the BEM,
we hypothesized that the ALM may yield more robust
estimates of epicardial potentials than the BEM.
METHODS
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where an^ and bnrn are the values of the multipole coef-
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ficients and

is an associated Legendre polynomial.

The ALM was also applied to multipole expansions
found from measurements of a normal adult male. Torso
shape and the location of 190 electrodes used during
body-surface mapping were determined to within I mm

with an Immersion Personal Digitizer. A homogeneous,
2048-element torso model was calculated from a least-

squares-error fit of the measurements with a tenthdegree, spherical-harmonic approximation, as shown in
Figure 1. The spherical-harmonics generated the caps
at the head, arms, and lower torso to close the surface.
Multipolar sources were calculated in a manner similar
to that used for the concentric-spheres model.
RESULTS

To test the performance of each method we compared

Performance of the

ALM and BEM solutions in a concentric-spheres model.
The inner sphere, which modeled the heart, had a radius

3(X'

of 1. The outer sphere had a radius of 1.4. Both spheres
were homogeneous with a conductivity of 1. A dipolar
source with a dipole moment of 10 in the x, y, and z
directions was placed at the center of the two spheres.
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The number of nodes on the heart was 58; there were 308
on the body. Correct values of potential generated by
the dipolar sources were calculated analytically. BEM
coefficients were calculated as described by Barr and
coworkers [1], but with gradient integral terms given by
a 7-point approximation.
Coefficients relating the potentials on the body surface to the multipole source were calculated using the
one-solid-angle approximation and deflation. Multipole
coefficients, through the hexdecapole, were found from
the correct values of body surface potential using a con-
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ALM and BEM was evaluated
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Figure 1: Front, sagittal, and bottom views of the adultmale torso model used for forward and inverse solutions.
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using the relative error and the correlation coefficient in
comparisons of the calculated potentials and the correct
potentials on the heart surface of the concentric-spheres
model. The relative error is just the RMS error divided
by the RMS value of the potential over the heart surface.
Results are summarized in Table 1. Best performance
for the ALM occurred for a regularization constant of
0.00001. BEM performance was optimal for a constant
of about 0.1. Optimal relative errors were comparable,
0.076 and 0.066 for the ALM and BEM, respectively.

forms predicteci for a normal adult male by the AtM
over a spherical heart model of radius 40 mm. As ex-

AtM epicardial maps showed higher spatial frequencies than those seen on the body surface.
pected,
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Table 1: Determination of epicardial potentials using
aimed-lead (ALM) and boundary-element (BEM) methods on a spherical heart within a spherical body.
Regularization
Constant

Error
ALM BEM AtM

Correlation Coef.

Relative

0.1197 0.1769 0.9931

0

0.0759 -

0.00001
0.001
0.01
0.1

0.0817 0.1026 0.9975

-

0.0770 -

-

0.1857 -

0.5553 0.0662 0.9969

1.0

10o
POSTERIOR AIMEO LEAD

AIMEO LEADS: PEAK OF T WAVE

H tso

(t
uJ

ö

;1oo
f,
z

(r

0.9866

5
o
o-

0.9960
0.9980
0.9980

0

G
ul

BEM

0.9975

-100

,t

-100

0

10o
AZIMUTHAL AT{GLE (OEGREES)

J^
200

400

600

8@

TrME (MS)

Figure 3: Inferred epicardial potentials calculated using

the ALM in a normal adult male.
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For the concentric-spheres model, in which heart geometry and location were precisely known, ALM and
BEM performance was comparable. Moreover, compared to the BEM, the ALM had a relative error 30 %
lower with no regularization, had an optimal regularization constant (noise-to-signal power ratio) several orders
of magnitude smaller, and had near optimal inference of
the multipole over a much wider range of regularization
constants. Therefore, in human studies in which heart
geometry may not be precisely known, the ALM may
have an advantage over the BEM because of its reduced
sensitivity to the need for regularization.
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Figure 2: Inferred potentials on the surface of a spherical
heart model inside a spherical body-surface model with
optimal regularization.

Figure 2 compares inferred ALM and BEM epicardial potentials to the actual potentials in the concentricspheres model. Both methods recovered the epicardialpotential pattern with optimal regularization. The pattern was much closer to the actual for the ALM than for
the BEM however, when regularization was not used. In
addition, ALM was also much less sensitive to the choice
of regularization constant in the vicinity of the optimal
value. A change in the constant by a factor of 100 from
optimal produced an 8 To change in relative error for
the ALM. A change in the regularization constant by a
factor of only 10 produced a change of 55 % in relative
error for the BEM.
An aimed lead is a weighted sum of the multipole
terms. It can be calculated over the epicardial surface
at a given instant during the cardiac cycle or over the
cardiac cycle at a particular location on the epicardial
surface. Figure 3 shows both epicardial maps and wave-
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CONCLUSIONS

The aimed-lead method, which allows continuous
spatial reconstruction of estimates of potential, may provide a useful technique for the noninvasive determination of epicardial potentials.
REFERENCES

[1] R.C. Barr, M. RamseyIII, and M. S. Spach, "Relating epicardial to body surface potential distributions
by means of transfer coefficients based on geometry measurements," IEEE Trans. on Biomed. Engr.,
vol. BMD24, pp. 1-11, L977.
[2] R. M. Arthur, D. B. Geselowitz, S. A. Briller, and
R. F. Tbost, "Quadrupole components of the human surface electrocardiogram," Arnerican Heart J.,
vol. 83, pp. 663-677, 1972.

[3] D. B. Geselowitz and R. M. Arthur, "Derivation of
aimed eletrocardiographic leads from the multipole
expansionl' J.of ECG, vol.4, pp.29L-298, 1971.

Medical & Biological Engineering & Computing Vol. 34, Supplement 1, part 2, 1996
The 1st InternationalConference on Bioelectromagnetism, June g-tg, t996, Tampere, Finland

