Biomechanics of Abdominal Aortic Aneurysms
ABSTRACT

For scientific computations to be embraced by medical community, the methods we propose
should be simple and usable by professionals with little knowledge of computational
sciences (e.g. clinicians). In my opinion, vascular surgery is the prime candidate for the
widespread deployment of computational biomechanics exactly because in this area simple
and robust methods can be beneficially applied.

In this seminar | will focus on visualising and understanding the biomechanics of aortic
aneurysms with the objective of assessing their structural integrity and subsequently their
risk of rupture. =

Abdominal aortic aneurysm (AAA) is a
permanent and irreversible dilation of the lower
region of the aorta. As the interplay between
wall stress and strength is critically important for
rupture risk assessment, it is desirable to be able
to non-invasively estimate the AAA wall stress
for a given patient, quickly and reliably.
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It has been known for some time that, for a given AAA geometry, simple linear methods are
sufficient to find internal forces (i.e. stresses) in the wall that balance the blood pressure
load. It is however much more difficult to incorporate the effects of residual stress (i.e. the
stress present in aortic wall in the absence of blood pressure load). One possibility for
accounting for residual stress is assuming that Fung’s uniform stress hypothesis is applicable
to aneurysms. Inclusion of residual stress significantly alters the computed wall stress
distributions and maximum values suggesting that published results neglecting the presence
of residual stress may be invalid.
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As so much research effort is invested in the stress analysis of aneurysms it is perhaps worth
asking whether stress distributions correlate with clinically observed symptoms. Our results,
obtained in collaboration with the University Hospital Leuven, indicate that this is not the
case, suggesting that the wall stress alone is of little diagnostic value. Therefore stress levels
must be supplemented by additional biomechanical quantities so that biomechanical
analysis could help distinguish between patients at low and high risk of rapid progression of
AAA disease and rupture.
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