i Journal of
Inno

Modeling the Electrical Activity of Heart

Iffat Ara”

Biomedical Research and Reviews

ISSN: 2581-7388

Volume
J Biomed Res Rev 2019

Department of Information and Communication Engineering, Pabna Uni-

versity of Science and Technology, Bangladesh.

Abstract

Mathematical models of electrical activity in cardiac tissue
are becoming increasingly powerful tools in the study of cardiac
arrhythmias. In this paper a finite-element surface model of human
heart is developed, in order to study atrial electrical activation. To
characterize electrical activity of atrial and SAN, Fitzhugh-Nagumo
equations were employed. Equations were tested using a simplified
3D geometrical model containing both atria and ventricle. The model
is able to generate spontaneous activation of electrical impulses. This
study represents the first stage toward the development of an accurate
computer model of heart activation. The entire system was solved using
COMSOL Multiphysics finite-element software. COMSOL Multiphysics
is a finite-element software package providing a convenient way for
implementing multiphysics models.
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Introduction

Electrical activity is responsible for the periodic contraction and
relaxation cycle of the cardiac that propels blood throughout the body.
Hence, electrical activity is essential for the cardiac to perform its function
[1]. Mathematical modeling of cardiac electrical activity is performed
from the cell, tissue and organ levels through to the body surface level
[2]. Initiation of the heartbeat occurs in the specialised pacemaker cells
of the sinoatrial node (SAN), located in the right atrial wall of the heart.
From there, the electrical impulse spreads across the surface of the atria
before reaching the ventricles. In this study, preliminary finite-element
models of human heart consisting of SAN and atrial region are described.

Methods

One of the simplest single cell models is what is now called the
FitzHugh-Nagumo (FHN) model. The model was originally developed as
simplification of the Hodgkin-Huxley model by FitzHugh in 1961. The
FHN model is simple to implement and computationally inexpensive
[3]. In the Atrial region the modified Rogres-McCulloch formulation was
used, also suitably scaled:
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Figure 1: Geometry of heart (a) Solid structure, (b) Semitransparent View, and (c) Mesh geometry.
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Figure 2: Influence of model parameter ‘A’ on action potential amplitude of Atrial.
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Where, u denotes the membrane potential and v governs
cellular refractoriness; v denotes the tissue conductance,
nominally set to a value of 0.001 S/m. Remaining param-
eters are given in Table 1. Initial conditions for (1)-(4) are
given in Table 2 [4,5].

Results and Discussion

In order to solve the cellular excitation equations, the
model was tested using a highly simplified geometry shown
in Figure 1. The entire system of PDEs (1) - (4) was solved
using COMSOL Multiphysics finite-element software.

Parameter values which used for simulation are listed in
Table 1. COMSOL took approximately 10 minutes to solve
1 simulated second with 1 ms resolution of the potential.
Spontaneous activation occurred in the SAN and then spread
throughout the atria. Parameters sensitivities are shown

on Figure 2 to Figure 7, where times are in second and
amplitudes are in volt.

Figure 2 and illustrate results of sweeping action
potential amplitude in the atrial by varying parameter A
from Table 1 in three steps within the range from 0.07 to
0.15. The results indicate that action potential amplitude
increases if the values of parameter ‘A’ increase.

Table 1: Parameters value of modified FitzHugh-Nagumo model [5,7].

a 0.13 -1
0mV -0.29 mV

cl 0.26 1.9

c2 0.1 mV 1ImV

d 1 0

e 0.013 0.06

A 140 mV 35mV

B -85 mV -30mV

k 3 ms’ 3 ms’

c 0.001 S/m 0.001 S/m
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Figure 3: Influence of model parameter ‘e’ on action potential duration of Atrial.
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Figure 4: Influence of model parameter ‘c” on conduction velocity of Atrial.
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Figure 5: Influence of model parameter ‘A’ on action potential amplitude of SAN.
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Figure 6: Influence of model parameter ‘e’ on action potential duration of SAN.
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Figure 7: Influence of model parameter ‘c’ on conduction velocity of SAN.
Table 2: Model initial values [5]. . . . . .
5] Figure 4 illustrates the effect of varying atrial conductivity
‘o’, on the action potential. The conductivity is directly related
u[v] -0.085 20.06 to the conduction velocity. Lowering the conductivity in the
0 o atrial produced delayed action potential.
v

The simulated result of Figure 3 and Figure 6 indicates
that action potential duration sweep linearly by varying
parameter ‘e’ in the atrial and SAN region. Three steps
sweeping of ‘e’ are shown in this present study. The
results indicate that action potential duration increases by
decreasing value of ‘e’.

Figure 5 illustrates results of sweeping action potential
amplitude in the SAN by varying parameter ‘A’ from table 1.

Figure 7 illustrates the effect of varying SAN conductivity
‘o’, on the action potential.

The results of this study indicate that the simplified 3D
FHN model of heart can generate action potential. In this
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paper sensitivity of model parameters on action potential
are presented. This model can be used as a tool in basic
research and in ECG generation.

Conclusion

Present approach has several limitations: the AV node,
Purkinj fiber and also Bundle of his were not considered
here. A sensitivity analysis has shown that the most critical
parameters of the FitzHugh Nagumo model are e, A, and o.
Numerical simulations on a three dimensional domain was
simulated to show the behavior.
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