Cellular Variability within the In-Silico Atria and its Impacts on
Conduction Velocity in Healthy and AF Remodeled Tissue

Jordan Elliott!, Maria Kristina Belen!, Luca Mainardi?, Valentina Corino?, and Jos¢ Felix Rodriguez
Matas®

!Department of Chemical and Material Engineering, Politecnico Di Milano, Milan, Italy, 20133
2Department of Electronic, Information and Bioengineering, Politecnico Di Milano, Milan, Italy, 20133

Background

Atrial models are increasingly relied upon to un-
derstand the mechanisms behind atrial arrhyth-
mias such as atrial fibrillation. In order to rep-
resent the behaviour of the atria, it is impor-
tant to create representative models of the hu-
man atria. Due to difficulties incorporating cel-
lular variability, models typically assume cellular
coupling masks the impact of electrophysiological
variability on the cellular level. Electrophysiolog-
ical models typically only vary at a regional level.
Recent studies have shown that cellular variability
may have a larger impact on electrophysiological
behaviour than previously expected.

Objective

The objective of the study is to determine the
impact of cellular variability on the propagation
across isolated tissue and whole atrial models for
both healthy and AF remodeled tissue. This is
completed through observing the impact on con-
duction velocity and the atrial depolarization and
repolarization.

Methods

A population of unique cellular models was cre-
ated using the Courtemanche cellular model.
Published experimental data was used to divide
the population into 8 regional populations based
on 5 biomarkers (RMP, APA, APD20, APD50,
APDY90). Regionally homogenous and heteroge-
neous tissue samples were separately calibrated
to target experimental CV values. The variability
in CV across 10 heterogeneous models were com-
pared for each atrial region. Activation maps and
APD maps were calculated for whole atria simu-
lations of the regionally homogenous and hetero-
geneous models.

Results

Isolated heterogeneous tissue results using the
same tissue conductance showed the standard de-
viation in CV ranged from 0.19cm/s to 2.4cm/s
depending on atrial region. Similar variability
in CV was observed between healthy and AF re-
modelled tissue samples. Figure 1 shows the re-

gional variability in CV across the 10 heteroge-
neous models. In the healthy atria, whole atrial
simulations showed heterogeneous models resulted
in a similar average total activation times (TAT)
compared with the regionally homogenous model
(117ms), varying between 117ms and 118ms. De-
polarization across the regionally homogenous
model and the variable models remained consis-
tent for both the healthy and AF remodelled atria.
Repolarization in the variable atrial models was
faster than in the homogenous model.
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Figure 1: Boxplot showing variability in CV

across AF remodeled atrial regions due to cellular
variability.

Discussion

Cellular variability across isolated tissue results in
CV variation of up to 4cm/s. Unsurprisingly, elec-
trophysiological variability has a negligible impact
on depolarization across the atria. Most of the ob-
served variability in activation times is caused by
anatomical variability. Electrophysiological vari-
ability results in an earlier and faster repolariza-
tion phase for both the healthy and AF remod-
elled atria. This could have a significant impact
on the susceptibility to the maintenance of AF
episodes. Accounting for cellular variability could
result in models better representing healthy atrial
behaviour and that of different arrhythmias.
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