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Abstract

Wijffels et al. [2] observed that the occurrence of AF
modified the atrial electrophysiology in a way that increases the probability to develop a chronic form of AF.
The underlying mechanism is called electrical remodeling
and is based on changes in different ionic currents, mostly
ICa,L , Ito , IK1 and IK,ACh . By this, the effective refractory period (ERP) and the conduction velocity (CV) are
decreased. These factors have an impact on the wavelength
(WL) of the electrical impulse, which is its distance traveled within one refractory period. Electrical remodeling
yields to a reduction of WL, thus increasing the predisposition for the occurrence and maintenance of AF.
The higher atrial rate present under AF supports a progressive Ca2+ loading that threatens cell viability. The cell
reacts with a reduction of the Ca2+ conductance to reduce
Ca2+ influx. A long term response decreases the expression of the ICa,L forming α-subunit mRNA. The result is
a decreased ICa,L by 65% [3] leading to a shorter ERP.
Ito is also decreased by 65% due a strong reduction
in mRNA and pore forming protein expression [4]. In
contrast, the expression levels of the α-subunit mRNA of
IK1 are increased [4]. IK,ACh is activated vagally during
AF [5]. However, the expression and activation of IK,ACh
is found to be lower under remodeling [6]. Due to spontaneous activity, IK,ACh might contribute to the total inward rectifying current independent of vagal tone [7]. The
combination of both IK1 and IK,ACh builds a total current
(Ibasal ) that is increased by 110% [6].
A gap junctional remodeling has been reported, which
may cause a decreased CV. In a goat AF model, a reduction
of connexin Cx40 was described, while the expression of
Cx43 remained unaffected [8]. Cx40 is represented more
in atrial myocardium than in the ventricles [9] leading to a
total reduction of the tissue conductivity of around 30%.
The aim of this work is to implement these changes in
a computer model of human tissue and to investigate the
properties of remodeling. Therefore, the ERP, CV, WL and
their restitution curves were investigated and the power
spectrum of the pseudo ECG was analyzed.

Atrial fibrillation (AF) is a common pathology. AF modifies the electrophysiological properties of cells (remodeling) promoting the occurrence and maintenance of AF.
Electrical remodeling includes changes in ICa,L , Ito ,
IK1 and IK,ACh . These effects were integrated in a human atrial computer model. Gap junction remodeling was
considered in the conductivity of the monodomain equation
calculating excitation. Specific features were calculated to
determine the risk of AF initiation and perpetuation.
ERP was reduced from 330ms to 103ms. CV was lowered from 755mm/s to 608mm/s. The WL reduction was
even higher (from 249mm to 63mm) leading to a higher
probability of occurrence and maintenance of AF. A maximum of 7 spirals waves were initiated leading to a peak in
the power spectrum at 10.32Hz.
The computer model underlines the relevance of remodeling in AF chronification. The results add to the knowledge of AF maintenance. Our model might prove to be a
tool for the development of novel therapeutic strategies.

1.

Introduction

Cardiac arryhtmias and cardiovascular diseases are a
major health problem, displaying the cause of death number one in western societies. The most common arrhythmia is atrial fibrillation (AF), which affects more than 10%
of the population older than 70 and more than 1% of the
population in general with an upward trend [1].
AF is characterized by an abnormal chaotic, rapid and
irregular activation of the atria leading to electrical remodeling. In this case, the electrophysiological properties of
the atrial myocardium are changed. Although AF is usually not life threatening itself, subjects suffering from this
disease often suffer a reduced quality of life. AF frequently
results in disorders like palpitations, fainting, chest pain
or congestive heart failure. Additionally, people suffering
from AF have a significantly increased risk of stroke.
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Figure 4. Pseudo ECG and resulting Fourier transform.
In case of AF, the rotors remained stable, which was evidenced by the unaltered dominant frequency of 10.32Hz.
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In summary, the model reconstructed mechanisms of
electrophysiological remodeling caused by AF and showed
the potential risk of the remodeling. In future, effects of
other pathologies like mutations in atrial cells on the behavior of the atrium will be investigated. The model will
be used to verify the mechanisms of AF initiation and perpetuation. It will be enhanced by considering realistic
atrial shape and heterogeneity in order to understand the
influence of individual geometry and electrophysiology on
atrial activity. A further patient-specific adaptation has to
be performed to use such a model in computational studies
of AF treatment planning like RF ablation or drug design.
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