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1 INTRODUCTION  

Over the past few decades, numerical modelling has emerged as a solution to improve current 

clinical guidelines for the diagnosis and treatment of Ascending Thoracic Aortic Aneurysms 

(ATAAs) [1,2]. While the maximum diameter criterion remains effective, it fails to accurately 

stratify the risk of aortic rupture for every patient. Despite the potential of computational 

frameworks, the extensive reporting time limits their application in clinical practices. This work 

aims to test whether more straightforward approaches, such as Reduced Order Models (ROM), 

Computational Fluid Dynamics (CFD) or Computational Solid Mechanics (CSM), can predict the 

biomechanics of ATAAs as accurately as Fluid-Structure Interaction (FSI).  

2 MATERIALS AND METHODS 

The numerical models were developed using patient-specific data obtained via Computational 

Tomography Angiography (CTA) and 4D flow Magnetic Resonance Imaging (MRI). The medical 

imaging exams were performed on a 48-years-old female with ATAA and a bovine arch. The 

CTA data was imported into the 3D Slicer open-source software to generate the virtualisation of 

the fluid domain. This virtualisation was then used to generate the solid domain, assuming a 

homogeneous thickness of 1.8 mm. The haemodynamic modelling was performed by considering 

blood as a Newtonian and incompressible fluid, and the flow as laminar. The boundary conditions 

were defined using MRI data. At the inlet, a patient-specific flow rate was assumed. Three-

element Windkessel models were applied at the outlets and tunned to fit a pressure variation of 

80-120 mmHg. Regarding the CSM models, the aortic wall was modelled as a Neo-Hookean, 

isotropic, incompressible and prestressed material. A pressure boundary condition was applied to 

the inner surface of the solid domain, corresponding to the results of the haemodynamic 

simulations. In total, 8 simulations were performed. The numerical results of the FSI model were 

considered as reference and analysed in terms of: (i) nodal pressure evolution (compared using 

the Pearson’s correlation coefficient, R); (ii) Time-Averaged Wall Shear Stress (TAWSS); (iii) 

maximum principal stress, σP
M; and (iv) maximum principal strain, εP

M. 
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3 RESULTS AND DISCUSSION 

The results of pressure field, TAWSS, maximum principal stress and strain are presented in Figure 

1. The rigid and moving wall CFD models presented a good agreement with FSI regarding the 

estimated pressure (average R of 0.97). However, the statistical distribution of TAWSS differed 

significantly from the reference. Using ROM provides accurate estimations of pressure evolution 

(R > 0.99) but is unreliable regarding estimating TAWSS. Performing CSM analysis with CFD 

driven boundary conditions leads to overestimations of the maximum principal stress and strain. 

Nonetheless, coupling CSM and ROM driven boundary conditions presented a close agreement 

with FSI. Another relevant aspect is the time required to achieve convergence. In this regard, the 

ROM simulations are the most efficient requiring around 4 min. The rigid wall and moving wall 

simulations were equivalent and required 100 and 120 hours, respectively. The FSI simulations, 

as expected, required the most time to achieve convergence (250 hours). All CSM simulations 

required around 24 hours. 

 

 
Figure 1 - Impact of using FSI on the numerical modelling of ATAA: violin plots of the Pearson’s correlation 

coefficient of the nodal pressure, R, TAWSS, maximum principal stress, 𝜎P
M, and maximum principal strain, 𝜀P

M, 

estimated by FSI, rigid and moving wall CFD, ROM and CSM models. 

4 CONCLUSIONS 

In this work, the relevance of modelling the interplay between blood and ATAA wall was 

evaluated. The results suggested that wall motion does not significantly impact the pressure field 

estimations. However, FSI remains the gold standard to estimate WSS magnitude. The coupling 

CSM and pressure boundary conditions obtained via ROM simulations showed a close agreement 

with FSI in estimating ATAA wall mechanics. 
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