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Abstract

The mechanism underlying Wolff-Parkinson-White syndrome features accessory conduction between the atrium
and ventricle. However, the morphological and electrophysiological details remain unclear. Here, we performed
preliminary computer simulations of anterograde, accessory pathway conduction using a simplified wall model.
Our model features simplified atrial and ventricular walls,
and a myocardial bundle (the accessory pathway). The
action potentials of these components were represented by
Courtemenche and O’Hara-Rudy models. We performed
computer simulations to explore relationships among accessory pathway bundle size, intercellular conductivity,
and anterograde conduction. We found that a thick accessory pathway facilitates anterograde conduction, ventricular conductivity promotes such conduction, and the accessory pathway prevents anterograde conduction. Sourcesink mismatch may explain the first two points; an electrotonic effect may explain the last one. Our findings provide
new insights into the morphological and electrophysiological details of the accessory pathway.

1.

a computer[7], but there are few reports on AP morphology/electrophysiology[8, 9].
It is widely accepted that a narrow AP poorly sustains
electrical conduction[10]. Myocardial electrical conductivity affects conductive sustainment. We performed preliminary computer simulations of AP conduction using a
simplified three-dimensional (3D) wall model to identify
the morphological and electrophysiological characteristics
of AP. We focused on AP bundle size and myocardial conductivity.

2.

We constructed a simplified 3D model featuring atrial
and ventricular walls, and a myocardial bundle (Fig. 1).
The atrial model combines two walls 20 × 15 × 1.05 mm
and 20 × 10 × 1.05 mm in dimension. The ventricular wall
dimensions are 20 × 25 × 7.05 mm. The atrial and ventricular models featured 145,103 and 1,034,208 discrete myocardial units, respectively. AP models varying in terms of
bundle size were integrated with the atrial and ventricular
models, for a total of five models (Table 1).

Introduction

A

Wolff-Parkinson-White (WPW) syndrome is a congenital heart conduction disease involving the accessory pathways (Aps), which leads to the development of cardiac
arrhythmias[1]. The underlying mechanism involves an
AP composed of ordinary working myocardium connecting the atrium to ventricle[2]. Clinically, radiofrequency
AP catheter ablation is favored for treatment[3–5]. However, the morphological and electrophysiological details of
the condition remain unclear.
We recently used three-dimensional image reconstruction to visualize the histological morphology of the bundle
of Kent (an AP)[6]. Wei et al. reported that electrophysiological WPW syndrome can be successfully simulated on
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Figure 1. The three-dimensional simplified model. (A)
cross-sectional view; (B) three-dimensional view
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Table 1. Configurations of the accessory pathway models.

Name

Accessory pathway’s
section size
0.60 × 0.60 mm
0.75 × 0.75 mm
0.90 × 0.90 mm
1.05 × 1.05 mm
1.95 × 1.05 mm

model A
model B
model C
model D
model E

Number of units
in accessory pathway
524
825
1, 044
1, 610
2, 990

The membrane kinetics of the atrial wall and AP were
produced by Courtemanche mathematical equations[11].
The membrane kinetics of the ventricular wall was produced by O’Hara-Rudy model equations[12] with modification of the conductance of the sodium channel current.
The model was configured as a monodomain, and the forward Euler method was adopted for the integral calculation[13]. The tissue border was set to no-flux Neumann
boundary condition. Isotropic intercellular conductivity
was configured to ensure that the conduction velocity lay
in the physiological range of the experimental data[14,15].
Figure 2 shows the relationship between intercellular conductance and conduction velocity.

3.

Results

3.1.

A thick accessory pathway triggers anterograde conduction

First, we set the overall isotropic intercellular conductance to 0.17 mS/cm. As shown in Figure 3, the excitation propagation ran from the atria to the AP, but not
from the AP to the ventricle, in model C. By contrast,
in model D, excitation propagation ran from the atria to
the ventricle via the AP (model D featured a thicker atrial
bundle). Table 2 summarizes the relationship between accessory pathway bundle size and anterograde conduction.
A thick accessory pathway triggered such conduction. In
other words, a small bundle blocked conduction.
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Figure 3. The snapshots of anterograde conduction
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Figure 2. Relationship between intercellular conductance
and conduction velocity.

Table 2. Relationship between the cross-section of the
accessory pathway and anterograde conduction.
Model name

Assuming anterograde (thus atrium-to-ventricle) conduction, excitations were propagated by delivering 10 pacing stimuli to the top of the atrial wall (cycle length:
1, 000 ms). If anterograde conduction via an AP was in
play, these excitations would be propagated within the ventricle. We set the simulation time to 11, 000 ms after initial
pacing to optimize computational performance.
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model A
model B
model C
model D
model E

Accessory pathway’s
section size
0.60 × 0.60 mm
0.75 × 0.75 mm
0.90 × 0.90 mm
1.05 × 1.05 mm
1.95 × 1.05 mm

Anterograde
conduction
block
block
block
success
success

3.2.

Ventricular conductivity promotes anterograde conduction

Next, we increased ventricular conductivity within its
physiological range. Table 3 shows the relationship between such conductivity and anterograde conduction afforded by model C. Ventricular wall conductivity promoted anterograde conduction.
Table 3. Relationship between ventricular conductivity
and anterograde conduction in model C.
Ventricular conductivity
(mS/cm)
0.17
0.20
0.40
0.60
0.79
1.36

3.3.

Anterograde
conduction
block
success
success
success
success
success

AP conductivity prevents anterograde
conduction

Next, we increased AP conductivity. Table 4 shows
the relationship between such conductivity and the anterograde conduction of model D. AP conductivity prevented
anterograde conduction.
Table 4. Relationship between AP conductivity and anterograde conduction in model D.
AP conductivity
(mS/cm)
0.17
0.20
0.40
0.60
0.79
1.36

4.

Anterograde
conduction
success
success
success
success
block
block

A thin AP may be unable to deliver the current required for
propagation of excitation. As ventricular conductivity increases, electrotonic current rises in the ventricular wall;
even a thin AP then provides a current adequate in terms
of excitation propagation. As AP conductivity increases,
anterograde conduction is blocked; an electrotonic effect
may be in play[17]. In the monodomain model, many myocardial units interact electrically. The extent of such interactions depends on both the potential difference and the extent of intercellular conductivity. As that conductivity increases, the electrotonic current rises in both the waveback
area and the wavefront. Therefore, the high-conductivity
AP may be unable to deliver the electric current required
for excitation propagation.
The Kent bundle AP is congenital in nature; however,
symptomatic WPW in patients with normal hearts is agedependent[18]. We found that reduced AP conductivity
triggered anterograde conduction. Our simulation may reflect symptom onset in patients with WPW syndrome.
We did not consider ion channel conductance. Furthermore, we did not explore retrograde conduction. Gallagher et al. showed that the AP refractory period differed markedly when conduction was anterograde or retrograde[2]. In addition, excitability depends on a mathematical formulation that reproduces membrane kinetics.

5.

Conclusion

We used a theoretical approach to derive relationships
among AP bundle size, myocardial conductivity, and anterograde conduction; we employed a simplified wall
model. We offer new insights into the morphological and
electrophysiological details of the AP.
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