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Introduction. Abdominal Aortic Aneurysm (AAA) disease is characterized by, most of-
ten asymptomatic, development of a focal enlargement of the abdominal aorta. However,
aneurysms may rupture and patients can die from internal bleeding. A realistic model of
AAA evolution may improve our understanding of the pathology of the disease. More-
over, it is envisaged that it may assist in personalised clinical management of a patient’s
aneurysm.

Method. We present a novel thick-walled Fluid-Solid-Growth (FSG) framework of AAA
growth and remodeling (G&R), which is based on a structurally-motivated constitutive
model of the vascular wall. Specifically, arterial tissue is modeled as an incompressible
hyperelastic composite with two families of collagen fibers embedded in an isotropic matrix
of elastin and ground substance. The strain-energy function reads
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where I1 (C) denotes the first invariant of the Cauchy-Green tensor and I i4 (C) = C : Ai

is an invariant equivalent to the square of the collagen fiber stretch. Here, the structural
tensor Ai = a0

i ⊗ a0
i carries structural information regarding the i-th referential colla-

gen fiber orientation a0
i. In addition, the matrix stretch, at which the collagen fiber is

recruited and starts bearing load, is denoted by λi
rec. Finally, ke, kg and ki

c1
, ki

c2
are the

material parameters characterizing elastin, ground substance and collagen, whereas fe, fg
and f i

c denote their normalized mass densities, which may depend on space and time [2].

The collagen G&R is reflected by the rate-based laws proposed earlier [1], where elastin
degradation is specifically linked to wall shear stress (WSS) from blood flow. Here, blood
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is described as a Newtonian fluid. Due to the clearly different time scales of aneurysm
G&R (weeks) and the cardiac cycle (second), a loosely coupled FSG framework is ren-
dered and a staggered approach to solve the structural and fluid-mechanical equations
is applied. Specifically, the solver starts with a structural step in FEAP that updates
the AAA geometry by solving eq.(1), which then is exported to the fluid solver (ANSYS
CFXR©) to compute the WSS by solving the Navier-Stokes equations. Finally, field vari-
ables like collagen fiber stretch and WSS are used to update parameters reflecting elastin
degradation, collagen turn over, and the loop starts over again with the structural solution
step.

Results. The FSG model was applied to a patient-specific abdominal aorta (see Fig. 1)
including up- and downstream extensions that are large enough to achieve realistic blood
flow in the infrarenal aorta, i.e. where the AAA develops. Fig. 1(b) and (c) illustrate the
development of WSS distribution, and Fig. 1(d) shows the elastin concentration distribu-
tion fe that was predicted by the proposed FSG model.

a) b) c) d)
Figure 1: Healthy artery with up and downstream extensions (a); WSS distribution before (b)
and after (c) FSG simulation; elastin concentration distribution after FSG (d).

Conclusion. A novel FSG model was introduced and successfully applied to predict the
evolution of a patient-specific AAA. The example computation showed the development
of asymmetry and longitudinal growth in upstream direction, i.e. characteristic AAA fea-
tures known from clinical follow-up data [3]. Despite some qualitative agreement further
model refinement is required to reflect AAA development accurately enough to improve
patient management, i.e. to provide support to the clinical decision making progress.
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