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Introduction

Stress-tissue interactions are the central postulate of abdominal aortic 

aneurysm (AAA) pathogenesis and rupture, but have thus far never 

been quantified on the organ level. For the present study, we cal-

culated different mechanical AAA quantities using computational finite 

element (FE) simulation [1] and correlated them to 18F-fluorodeoxy-

glucose (FDG) metabolism in the AAA wall detected by PET/CT [2,3]. 

Methods

Results

Conclusion

The findings demonstrate and quantify the complex interactions 

between biomechanics and tissue reactions in vivo. Our results indicate 

that biomechanical forces may be causative for regionally increased 

FDG-uptake and therefore metabolic activity in AAA wall, often linked to 

inflammatory processes. Thereby, FDG-uptake is correlated quantita-

tively and spatially to levels of max wall stress. We also found stress in-

dependent FDG-uptake, indicating additional autochthon inflammatory 

processes. Larger studies will be performed to confirm these results.
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Figure 3. FDG-uptake in AAA wall (upper rows) showed good visual 

spatial coherence to computed von Mises-Cauchy stress distributions 

(bottom rows) in 15 patients.
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Figure 1. Process chart for FE simulation of AAAs and 3D visualization 

of FDG-uptake in the AAA wall.

The study cohort comprised 18 AAAs. We compared maximum values 

of mechanical quantities and FDG-uptake (Figure 2) as well as their 

spatial, element-wise correlation (Figures 3 and 4).

Figure 2. Correlation of maximum FDG-uptake (SUVmax: max Standard-

ized Uptake Value) to maximum wall displacements, strain, stress, 

strength and RPI [4]. The strongest and most significant correlation was 

obtained between SUVmax and max wall stress (as shown in the graph).

Segmentation of AAA 

geometry from CT data

?

Segmented geometry is

loaded into PET data

CT

PET

0.00130.66max strains

0.00050.71max v Mises stress

0.00260.63rupture potential 

index (RPI)

0.35010.10min strength -1

0.00260.62max displacements

p-value

[-]

r-value

[-]

Correlation of 

SUVmax to …

Figure 4. Element-wise correlation and 

scatter plots of FDG-uptake versus wall 

stress. Positive correlation was obtained 

for 16 out of 18 patients. It is noteworthy 

that minimum FDG-uptake was increas-

ed  ed if the stresses acting in the aortic wall exceeded the physiological 

stress range (as indicated by red lines in the scatter plots on the right).
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