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Introduction 
The simulation of the endovascular repair (EVAR) of abdominal aortic aneurysms (AAAs) as a 
predictive tool of complications (endoleaks, occlusions), and also for training purposes, is becoming a 
reality. Recently, a few studies showed a good match between stent-graft (SG) experimental bending 
tests and the corresponding simulations, as well as the first stent-graft virtual deployments of a single 
leg and main body respectively. The complete procedure simulation and its clinical validation still 
remains an active topic of research, but the proofs of concept are already in the literature. This study 
presents the developments to achieve a more complete EVAR simulation, in particular the crimping of a 
main body SG and two leg SGs along catheters in a pre-assembled-fashion, prior to the translation on 
centerlines.  
 
Methods 
The first step consisted in reproducing numerically some mechanical tests performed on standard 
commercial SGs, i.e. a body stent-graft (B-SG), and a leg stent-graft (L-SG). Both B-SG and L-SG were 
submitted to non-destructive tests, i.e. bending and axial, transversal and radial compressions, which 
allowed us to characterize their macroscopic mechanical response in terms of displacements versus 
applied loads. Additional destructive tensile tests were conducted on specimen samples of the graft 
(Dacron®) to identify its mechanical properties. All these tests were done with the same tensile test 
machine (BOSE Enduratec ELF 3200, Eden Prairie MI, USA).  
 
The numerical analyses were performed with the finite element method which consists in a 
discretization of the physical domain occupied by the SGs. These finite element models (FEMs) were 
analyzed with the commercial solver Abaqus/Explicit 6.10 (SIMULIA, Providence RI, USA). 
The second step consisted in characterizing the mechanical properties of the delivery devices (DDs) 
including SGs. Indeed, an equivalent global Young's Modulus was identified after three-point bending 
tests performed with the same tensile test machine. Also, the individual mechanical and thermal sheath 
properties were found online. 
 
The actual crimping was accomplished by placing the deployed SGs along the DDs core support, while 
having the sheaths initially dilated around the SGs and then contracted via their expansion coefficient.  
 
Results 
A maximum difference of 5.93% in terms of displacement versus load was found between the 
experimental and numerical results involving SGs only.  
 
The SGs were fully crimped along the DDs, and the former could recover their initial shape after sheath 
removal.  
 
Discussion 
Even though the mechanical tests were realized on single samples of B-SG and L-SG, a good 
correlation was achieved in spite of large displacements and complex contacts.  
 
Despite the pre-assembled prosthesis resulting from our crimping strategy is not faithful to the actual 
EVAR procedure, we believe it can be adopted as a first approximation. 
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