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Abstract Body surface potential and Laplacian
maps (BSPM and BMLM) simulated with 3dimensional, realistically shaped heaft and torso
models were compared to investigate whether BSLM
has advantages in localizing accessorT pathways
(AP) with Wolff-Parkinson-White (WPW) syndrome.
Ten accessorT pathways around the atrioventricular
ring according to Gallagher et al were made. The

results showed that locations

of

positive and

negative peaks of BSLM during the delta wave were
very likely to reflect the site of AP. In addition,
peaks on the posterior chest remarkably gave useful

information in predicting posterior or multiple APs
This study suggests the possibility of using BSPM in
noninvasive localization of APs with WPW syndrome.

it is easy to understand that the second
spatial derivative of potential normal to the body
surface can be measured through twodimensional

human body

Laplacian. He and Cohen used a "Laplacian electrode"

to

detect the surface Laplacian by measuring the
potential difflerence between a point and a circle
centered at the point [3]. The "Laplacian electrode" was

simulated in this study.
(3) Simulation

Ten APs around the atrioventricular ring of the
heart model according to Gallagher et al [6] were made
as shown in Fig. l. WPW syndrome with different APs

and with multiple APs was simulated. BSPM and
BSLM were calculated simultaneouslv for each

case.

INTRODUCTION

It is well known that noninvasive determination of
the location of accessory pathways (AP) in patients with

Wolff-Parkinson-White (VYPW) syndrome would

be

very useful before surgery or catheter ablation. Research
has shown that body surface potential mapping (BSPM)
is an effective tool for this purpose [,2].
On the other harld, it has been recently reported that

body surface Laplacian mapping (BSLIO may have
higher resolution than BSPM t3l. If this is true, BSLM
should have advantages in localizing APs with WPW
syndrome. This was investigated by a comparison study
between BSLM and BSPM simulated with computer
heart and torso models.

METHOI)
(1) Heart and Torso Models
The heart model contains about 50,000 discrete units
1.5 mm and temporal
with spatial resolution
resolution of 3 ms. The model contains atria, ventricles,
and the special conduction system with a realistic heart
shape. The torso model is homogeneous, constructed
based on measurement with a human model. The body
surface of the model is represented by 344 nodal points.
Surface potentials on the torso model are calculated
using the boundary element method. In our previous
study, different kinds of WPW syndrome [4,5] had been
simulated using the heart and torso models.

of

(2) Surface Laplacian
By applying Laplace equation to the surface

of

the

Fig.

I

The accessory pathway sites in simulation.

RESULTS
The simulated results are summarized as follows.

(l)

Surface potential distributions

of

simulated

BSPM during the delta wave generally coincide with
that of Benson et al and Liebman et al [1,2] for all ten
cases. (2) Surface Laplacians are characterized by
location of positive and negative peaks. The location of
dominant peaks during early QRS are very likely to
correspond to the pre+xcitation sites. (3) Peaks of
BSLM on the posterior chest remarkably reflect the
pre-excitation arising from posterior APs and therefore
give useful information in predicting posterior or
multiple APs.
As an example, Fig. 2 shows simulated BSLM
during the delta wave for APs corresponding to No. 2,
No. 3, No. 7, and No. 9 in Fig. l, respectively. In each
figure, the position of the pair of negative and positive
peaks seems to correspond to the nearest surface
position from the pre-excitation site. In BSLM7, in
addition to a positive peak at the left midaxillary area,
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there is a pair of positive and negative peaks on the left
posterior chest. The posterior peaks vanish during the
middle QRS (not shown in this paper), which
apparently indicates that the posterior peaks reflect the
pre-excitation due to the left posterior AP. This activity
can not be found in simulated BSPM.

Fig. 3 shows an example of simulated BSPM and

BSLM for multiple APs (No. 6 + No.9 in Fig. l). It is
diffrcult to identity both APs from surface potential
distribution the BSPM. In contrast, strong peaks in
BSLM appearing on both anterior and posterior chest
during early QRS suggest the existence of the two preexcitation sites (please also compare it with BSLM 9 in

Fig;2).

BSLM2

BSLM3

BSLMT

BSLMg

Fig.2 Simulated BSLMs during the delta wave for lateral right AP (BSLM2, see AP No. 2 in Fig. l), posterior right
AP (BSLM3, see AP No. 3 in Fig. 1), posterior left AP (BSLM7, see AP No. 7 in Fig. l), and anterior left AP
(BSLM9, see AP No. 9 in Fig. 1). Columns from I to 12 and from 13 to 20 correspond to the anterior and the
posterior chest, respectively. The white area identifies a positive peak and the darkest area identifies a negative peak
Temporal position of the maps is indicated in ECG lead II (in ms, from onset of P wave).
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Fig. 3 Simulated BSLM and BSPM for multiple APs (No. 6 + No. 9 in Fig.

l). See Fig.2 for mapping

stratery.

CONCLUSION

Our simulation study
advantages

syndrome.

in

suggests that BSLM has
in patients with WPW

localizing AP

This

suggestion needs experimental

confirmation. If this confirmed, BSLM may become a
useful tool in non-invasive prediction of AP.
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