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Abstract: Atherosclerosis is a disease considered to be one of the leading causes of death. Understanding the
behavior and dynamics of the vessel wall before and after atherosclerosis has been a motivation for many studies.
We investigate this phenomenon as a combination of mechanical deformation of the vessel wall along with cell and
chemical dynamics that occur within.

We consider the vessel wall as a growing hyperelastic material with three layers; intima,media and adventitia. Each
of these layers have a different set of mechanical properties [1]. To describe tissue growth, we use morphoelasticity
as the mathematical framework. The growth tensor in our study is a function of Platelet Derived Growth Factor
(PDGF). To include the stiffening effect of collagen fibers we employ a Holzapfel-Gasser-Ogden anisotropic strain
energy function [2]. We construct a functional that accounts for the total energy stored in the artery. This includes
both the volumetric and the surface energy. The latter, comes from the effect of the blood pressure on the endothelial
wall. Since the blood pressure is a live load exerted on the deformed domain, extra caution is required for its
formulation. By minimizing the total energy functional we acquire a displacement field and consequently the stress
field for the artery during the growth process. In addition, we explore the distribution of oxidized lipids,
macrophages, foam cells, oxygen and necrotic cells in the intima at each growth step via a system of PDEs. All
numerical simulations are carried out via the finite element method on the FENICS framework.

Altogether, this allows us to observe intimal thickening as a result of PDGF induced vessel growth along with
histological changes within the wall such as the development of necrotic zones. Our simulations show results similar
to the images acquired from ultrasounds scans.

(a ) ( b ) Lumen

Intima

Media
Adventitia

F% ﬂFe

Figure 1: (a) Simulation of necrotic core formation. (b) Three layers of an arterial cross section. (c) Decomposition
of deformation gradient into product of growth and elastic tensors.
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