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13% of AAAs < 50 mm were ruptured

40% of AAAs between 7 and 10 cm were not ruptured

Darling RC, et al. Circulation 1977;56:161-4

.

7% of the abdominal aneurysms rupture before the 50 

mm limit is reached, while on the basis of biomechanical 

analysis about 25% of the patients are treated 

unnecessarily or too early
Vorp DA , et al. J Biomech 2007;40:1887-902

From a biomechanical point of view, aneurysms will

rupture if the mechanical stress exceeds the local

strength of the vessel wall. 

Therefore, 

the state of the aortic wall

the mechanical properties of the wall and

stresses in the wall combined

could be a better predictor for rupture risk than AAA 

diameter. 



In the last decade, 3-D image-based
biomechanical models using finite
element analysis (FEA) have been on the 
rise, providing additional parameters 
such as wall stress.

Wall stress analysis has been introduced
to “predict” growth
and potential rupture risk of 
the AAA wall, which is mostly
by CT and sparsly MR.

Unfortunately these models have not
been validated



Ultrasound is noninvasive, cheap and affordable, and therefore suitable for longitudinal 
studies, and adds temporal (dynamic) data, allowing for mechanical characterization
of the aneurysm, i.e., estimation of mechanical properties and strain



Equipment:

Philips iU22/Epiq 7G
X6-1 matrix probe
fc = 3.5 MHz

Pre-operative monitoring

Acquire 3D and 4D (3D+t) US:

3D acquisition for geometry

4D acquisition for dynamic 
behaviour

Now: Following 500 patients

Longitudinal study

Clinical CT data for verification

Goal: Develop and validate a patient-specific
method using 4D ultrasound

Large clinical study
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Maximum wall stress Aortic Stiffness

Potentially 
stable?

AAAs at risk?

Relation 
with AAA 
growth?

Not possible with CT!



III-bDecision
support

Ultrasound
functional imaging

Patient-specific 
modelling

Longitudinal data is crucial for validation of these techniques

Ongoing efforts on model and input improvement

We are heading towards a non-invasive tool for AAA risk and growth prediction
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