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Dmax

Failure risk =
Peak wall stress

Wall strength

Shift to the mechanics: 

Distensibility as a predictor for ascending thoracic aortic aneurysm failure

There are no direct biomarkers for stress and strength!

The maximum diameter is currently used as a predictor



Early aortic failure?

60% occur at 𝐷 < 𝐷critical

Pape et al., Circulation, 2007

Bossone & Eagle, Nat. Rev. Cardiol., 2020 
Arnaoutakis et al., Vasc. Endovascular Surg., 2011

Unnecessary open surgery?
Perioperative mortality: 3-7%

Cost: ± €30 000 
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𝐷

𝐷 > 𝐷critical

𝐷 < 𝐷critical

Problem statement: 

The diameter criterion is insufficient to reliably predict ATAA failure

Shift critical threshold to the left?



Study objective:

Evaluate various possible clinical predictors in terms of their correlation to 

the actual failure risk
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Predictors from a non-
triggered CT-scan:

Diameter: 𝐷

Aortic Height Index: 𝐴𝐻𝐼 =
𝐷

𝐻



Study objective:

Evaluate various possible clinical predictors in terms of their correlation to 

the actual failure risk
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Diastole
Blood pressure 𝑝𝑑𝑖𝑎𝑠

Systole
Blood pressure 𝑝𝑠𝑦𝑠

𝑉𝑑𝑖𝑎𝑠 𝑉𝑠𝑦𝑠

𝐷𝑑𝑖𝑎𝑠 𝐷𝑠𝑦𝑠

Predictors from a 
triggered CT-scan:

Area-based distensibility:

𝐷𝐶𝐴 =
𝐷𝑠𝑦𝑠
2 − 𝐷𝑑𝑖𝑎𝑠

2

𝐷𝑑𝑖𝑎𝑠
2 (𝑝𝑠𝑦𝑠 − 𝑝𝑑𝑖𝑎𝑠)

Volumetric distensibility:

𝐷𝐶𝑉 =
𝑉𝑠𝑦𝑠 − 𝑉𝑑𝑖𝑎𝑠

𝑉𝑑𝑖𝑎𝑠(𝑝𝑠𝑦𝑠 − 𝑝𝑑𝑖𝑎𝑠)



Excision of the 
ATAA tissue

Multiphasic CT 
scanning & 

blood pressure 
measurement

ATAA patient

n = 33 

Predictors

Materials & methods:

Retrospective analysis of failure risk through mechanical testing and computation
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Retrospective 
failure risk
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Materials & methods:

Performing tensile tests on aneurysm tissue

Squared samples for
planar biaxial testing:

Hourglass samples
for uniaxial testing:

Material 
properties

Wall 
strength

At KU Leuven Core Facility for 
Biomechanical Experimentation
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Loading Material propertiesGeometry

Computational model

Peak wall stress

Blood pressure at
• diastole 
• systole 𝑝𝑑𝑖𝑎𝑠

Materials & methods:

Calculating the peak wall stress



Excision of the 
ATAA tissue

Computational model of the 
arterial wall

Planar biaxial testing and parameter fitting

Uniaxial testing Retrospective failure risk

Multiphasic CT 
scanning & 

blood pressure 
measurement

ATAA patient

n = 33 
Wall 

strength

Deterministic

Peak wall 
stress

Probabilistic
Predictors

Material properties

exp

fit

Materials & methods:

Retrospective analysis of failure risk through mechanical testing and computation
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Results: Retrospective failure risk versus clinical predictors

𝑝 = 0.07

𝑝 = 0.35

𝑝 < 0.05∗

𝑝 = 0.33

𝑝 < 0.05∗

𝑝 < 0.05∗

Circumferential

Axial

𝑝 < 0.05∗

𝑝 < 0.01∗∗



Conclusion

 Mechanical predictors >> Purely 
geometrical predictors 

 Include multiphasic CT scans 
in clinical workflow

 Volumetric distensibility (𝐷𝐶𝑉) also 
accounts for the axial deformation
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Perspective

 Extend database of retrospective 
cases

 Build population database of 𝐷𝐶𝑉
values

 Find consensus on the critical 𝐷𝐶𝑉
threshold
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