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Abstract  

In this study, we demonstrated that electrocardiographic and magnetocardiographic inverse solutions using a pair 
of equivalent dipoles could be employed in localizing dual accessory pathways. We used an anatomical compu-
ter model of the human ventricles to simulate body surface potentials and magnetic field for 8 pairs of preexcita-
tion sites positioned on the epicardial surface along the atrio-ventricular ring. Average localization errors were in 
the range of 5 to 21 mm and 3 mm to 20 mm for the electrocardiographic and magnetocardiographic localizati-
ons, respectively. Such an approach could be potentially useful in pre-interventional planning of the ablative 
treatment 
 

1 Introduction 

Body-surface potential maps (BSPMs) and magnetic 
field maps (MFMs) can be reconstructed from nonin-
vasive procedures that involve recording of multiple 
electrocardiograms and multiple magnetocardigrams, 
respectively. BSPMs and MFMs have been used to 
localize preexcitation sites in patients with Wolff-
Parkinson-White (WPW) syndrome [1,2], where such 
a localization is performed by calculating the position 
of an equivalent single dipole source in the model of a 
human torso. However, the single-dipole equivalent 
generator is an adequate approximation only when the 
bioelectric activity of the heart is confined to a single 
very small volume. Thus, in cases where more than 
one preexcitation site is present, more complex 
equivalent generators (including two or more equiva-
lent dipoles) would achieve better accuracy, and, 
therefore, a better understanding of the underlying 
cardiac process.  
In this study, we employ an anatomical computer 
model to test the hypothesis that dual preexcitation 
sites can be localized using BSPMs and MFMs in 
combination with the mathematical inverse solution. 
The choice of the computer simulations as the meth-
odology is supported by their ability to explore capa-
bilities of the inverse solution systematically and un-
der controlled conditions.  

2 Methods 

We used an anatomical model of the human ventricles 
and a homogeneous model of the human torso to 
simulate activation sequences and corresponding 117-
lead BSPMs (covering the anterior and posterior 

torso) and 64-lead MFMs (above the anterior torso) 
[3]. We initiated activation sequences at 10 single 
pacing sites located along right lateral (RL), left lat-
eral (LL), and right/left anteroparaseptal (RAP/LAP) 
aspects of the atrio-ventricular (AV) ring of the 
epicardium (see Fig. 1 and Table 1). For each activa-
tion sequence, we simulated BSPMs and MFMs at 4-
ms increments within the first 40 ms after the activa-
tion onset. Next, we simulated the sequences initiated 
at 8 different pairs of sites in the same segments of 
the AV ring (Fig. 1 and Table 1). To simulate measur-

 

Fig. 1 Basal view of the human ventricular model 
shown with 10 preexcitation sites. Layers are 1 mm 
apart, and each is represented by smoothed contour 
lines to achieve better rendering of the shape. This 
display illustrates the amount of detail included in the 
reconstruction of the human ventricular model. Right 
ventricle is to the left, left ventricle is to the right, 
and pulmonary artery is to the bottom. 



ing conditions, Gaussian noise at the root-mean-
square (RMS) levels of 2.5 µV, 5 µV and 20 µV was 
added to all simulated BSPMs, and 30 fT, 120 fT and 
300 fT was added to all simulated MFMs. We gener-
ated 10 different noise distributions for each noise 
level.  
Using simulated BSPMs and MFMs as the input data, 
we performed the inverse solution for a pair of dipole 
sources in the torso model. For determining the best 
initial estimates, we calculated dipole moments from 
several randomly selected starting dipole positions 
around the AV ring. The final solution was then ob-
tained with Levenberg-Marquardt least-squares fitting 
algorithm [4,5]. As a measure of accuracy of the lo-
calization, we used localization errors, defined as dis-
tances between locations of the best-fitting pair of di-
poles and a pair of preexcitation sites in the ventricu-
lar model. We rejected all solutions for which the 
magnitude of the stronger of the two dipoles exceeded 
the weaker dipole by the factor of 5. 
To account for the influence of the torso�s outer 
boundary on electric potentials, we used an individu-
alized male torso model [6] in simulating BSPMs and 
MFMs as generated by the ventricular model. Two-
dipole inverse solutions were carried out using the 
�standard� male torso model. 
For all inverse solutions, positions of reconstructed 
dipoles were superimposed on a realistic three-
dimensional epicardial surface (that completely en-
closes the ventricular model) for visual inspection.  

3 Results and Discussion 

Macchi et al. [7] and Taccardi et al. [8] pointed out 
that electric potentials during the initial phase of acti-
vation resemble those of two opposing dipoles ori-
ented along the major axis and located near the ends 

of an elliptical wavefront of propagated activation. To 
test this hypothesis, we first assessed the performance 
of a two-dipole generator in localizing single acces-
sory pathways. Fig. 2 shows a typical example for 
localization of a single accessory pathway when using 
the two-dipole model under ideal (i.e., noise-free) 
conditions. Localization of a pair of dipoles is shown 
at different time instants for an activation sequence 
initiated at the LL site (2c) when using BSPMs and 
MFMs. Both reconstructed dipoles are initially in the 
sequence located close to the site of an accessory 
pathway, but later become separated by the distance 
that is progressively increasing with time. The dis-
tance between the leading edge of the simulated 
wavefront and locations of the two corresponding re-
constructed dipoles is during the first 28 ms of an ac-
tivation sequence on average 3 mm (range 1-5 mm). 
This observation strongly supports the notion that 
progressive separation of the two dipoles reflects the 
propagation of an activation wavefront. 
Fig. 3 illustrates localization results based on BSPMs 
and MFMs for the pair of RAL/RL accessory path-
ways (case 1a-1c). One can see that dipoles are 
clearly separated and located close to the actual loca-
tions of accessory pathways. In this specific case, the 
localization errors attained a minimum at 20 ms after 
the onset of activation (11±1 mm and 5±1 mm for 
BSPMs and 9±2 mm and 6±1 mm for MFMs).  
Table 2 summarize the localization results for typical 
measuring conditions (RMS noise level of 5 µV and 
120 fT). We found that two-dipole localization 
reached minimum between 12 ms and 24 ms after the 
onset of activation.The average localization errors 
were between 5 and 21 mm (12±6/11±6 mm at 20 ms 
for the first/second dipole, respectively) for the 
BSPMs and between 3 and 20 mm (11±5/12±9 mm at 
24 ms) for the MFMs. Localization errors were on 

Table 1 Anatomical description of dual preexcitation 
sites. 

Abbr. Anat. Description Dist.* 
1a-1b RAL right anterolateral 18 mm
1a-1c RAL/RL right anterolateral/ 

right lateral 
34 mm

1a-1d RAL/RPL right anterolateral/ 
right posterolateral 

48 mm

2a-2b LPL/LL left posterolateral/ 
left lateral 

11 mm

2a-2c LPL/LL left posterolateral/ 
left lateral 

23 mm

2a-2d LPL/LAL left posterolateral/ 
left anterolateral 

36 mm

3a-3b RAP/LAP right anteroparaseptal/ 
left anteroparaseptal 

30 mm

1b-2b RAL/LPL right anterolateral/ 
left posterolateral 

139 mm

*Distance measured along the AV ring. 

 

Fig. 2 Localization results for a LL single acces-
sory pathway using a two-dipole model at different 
time instants (4 to 28 ms after the onset) superim-
posed on the epicardial surface. The onset of acces-
sory pathway is marked by ×; reconstructed posi-
tions are indicated as �circle� and �diamond� for the 
first and the second dipole, respectively. Alternating 
light and dark gray zones represent projection of ac-
tivation isochrone surface on the epicardial surface 
between 4 and 28 ms after the onset of activation



average smaller for the pairs of accessory pathways 
located on the right side (cases 1a-1b, 1a-1c, 1a-1d) 
than for those located on the left side (cases 2a-2b, 
2a-2c, 2a-2d); they were 8 mm versus 14 mm for the 
BSPMs and 7 mm versus 11 mm for the MFMs. RMS 
levels of simulated BSPMs were, at 20 ms after the 
onset of activation, between 104 µV (case 2a-2b) and 
164 µV (case 1a-1c); RMS levels of simulated MFMs 
were at the same time instant between 0.9 pT (case 
2a-2b) and 6.8 pT (case1a-1d). 
When including magnetic leads near the anterior and 
posterior torso (in total 128 sites) to provide a lead 
arrangement equivalent to that of the potentials, the 
average localization errors slightly improved and 
were in the presence of RMS noise of 120 fT between 
2 and 14 mm (10±5/8±6 mm at 20 ms).  
Range of localization errors degraded to 8-22 mm 
(18±8/18±9 mm at 28 ms) for BSPMs at 20 µV noise 
level, and to 3-26 mm (14±8/15±11 mm at 24 ms) for 
64-lead and to 4-17 mm (12±8/10±6 mm at 24 ms) for 
128-lead MFMs at 300 fT noise level. 
Localization errors due to inaccuracies in rendering 
individualized torso boundaries (i.e., in the presence 
of modeling errors) reached their minimum between 
16 and 28 ms after the onset. The errors were on av-
erage in the range of 11 to 39 mm (24±18/30±13 mm 
at 20 ms) for the BSPMs and of 12 to 36 mm 
(20±13/29±14 mm at 20 ms) for the MFMs. Visual 
inspection of inversely calculated dipole positions re-
vealed that they were often distal to the actual loca-
tions of accessory pathways and sometimes fell out of 
anatomically plausible region.  
Results of our study suggest that the magnetocardio-
graphic inverse solution is at least as accurate as elec-
trocardiographic inverse solution when using a two-
dipole model. 
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Table 2 Localization accuracy for 117-lead BSPMs 
(noise 5 µV) and 64-lead anterior MFM (120 fT).  

 117 BSPM (5 µV)  64 MFM (120 fT) 
1a-1b 9±3 / 7±3 (16 ms)* 7±3 / 7±3 (20 ms) 
1a-1c 11±1 / 5±1 (20 ms) 9±2 / 6±1 (20 ms) 
1a-1d 11±6 / 5±1 (12 ms) 10±2 / 3±1 (24 ms) 
2a-2b 21±10 / 11±4 (24 ms) 12±8 / 9±5 (24 ms) 
2a-2c 19±12 / 8±6 (20 ms) 12±3 / 9±4 (24 ms) 
2a-2d 14±9 / 13±5 (16 ms) 14±7 / 10±4 (24 ms)
1b-2b 7±2 / 8±3 (16 ms)  4±2 / 20±7 (16 ms) 
3a-3b 11±2 / 10±6 (20 ms)  11±4 /13±18(20 ms)
Total 12±6 / 11±6 (20 ms) 11±5 / 12±9 (24 ms)

 

*Time after the onset of activation when localiza-
tion error attained minimum for a given site. 

Fig. 3 Localization results for a RAL/RL dual ac-
cessory at different time instants (from 16 to 36 ms
after the onset). 


