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ABSTRACT

Aortic dissection is a severe cardiovascular disease. Usually, it initiates as a small tear in the
intimal layer of the aortic wall and extends to the medial layer later. Then, it propagates along
the longitudinal direction of the medial layer, resulting in a false lumen. It is suggested that
the propagation of the dissection is often induced by the degeneration of elastin [1], which is an
essential part of the aortic wall. Finally, a fatal rupture of the aortic wall may cause a sudden
death.

In this study, a constitutive continuum model is proposed to describe the disease-dependent
degeneration of elastin in the aortic wall. It is of particular interest to examine the alteration of
interlamellar elastic fibers, since they interconnect either with smooth muscle cells or the elastic
lamellae. The interconnections can be damaged by the swelling pressure between the elastic
lamellae in the extracellular matrix induced by the accumulation of pooled Glycosaminoglycans
[1]. This causes weakening of the mechanical response in the radial direction.

In the constitutive model, we decompose the strain-energy function into three parts: ground
substance, collagen fibers and elastin, weighted by the corresponding volume fraction of the
constituent. The ground substance is described by the neo-Hookean material model. The
discrete fiber dispersion method [2] is used to incorporate the contributions of dispersed collagen
and elastic fibers in the aortic wall. The dispersion of the elastic fibers represents the material
behavior of all forms of elastin present in the medial layer which includes elastic fibers, struts and
lamellae [3]. Furthermore, a degradation parameter is introduced to quantify the degradation
of elastic fibers in specific directions. Finally, we demonstrate the performance of the proposed
constitutive model with representative numerical examples including patient-specific geometries.
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