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LDL uptake and WSS-based quantities profiles with the in vivo measured wall thickness growth in 

coronary arteries appears promising. 

Conclusions: The recently introduced Eulerian approach for identifying WSS attracting patterns from 

the divergence of normalized WSS provides a computationally affordable template of the LDL 

polarization at the arterial blood-wall interface without simulating the AD problem. It thus 

candidates as an effective biomechanical tool for elucidating the mechanistic link among LDL 

transfer at the arterial blood-wall interface, WSS and atherogenesis. 
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[19,21] and Eulerian-based [22,23] features of the WSS topological skeleton, and of conventional 

WSS magnitude as well, was tested. The performance of the WSS-based quantities as templates of 

LDL distribution at the blood-vessel wall interface was analysed in terms of computational costs vs. 

accuracy. Finally, the soundness of the simulated LDL blood-wall transfer process was assessed by 

comparison with in vivo longitudinal wall thickness (WT) growth data available for the two human 

coronary artery models. 
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Because of these limitations, future studies are warranted to further confirm the robustness of WSS 

topological skeleton features as templates of near-wall transport of biochemicals in arteries.  
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5. Conclusions 

The present study confirms that WSS topological skeleton CS can be used as templates of the LDL 

transport at the arterial blood-vessel wall interface [19]. The study also suggests that a recently 

introduced Eulerian approach for identifying WSS topological skeleton features from the WSS 

divergence [22,23] is effective in providing a representation of the LDL wall uptake with a 

remarkable reduction in computational costs, not only with respect to classical NS-AD mass 

transport simulations, but also with respect to WSS CS identification based upon a Lagrangian 

analysis. The here-proposed approach based on normalized WSS divergence can be easily applied 

to large-scale datasets of CFD models of arterial flows and used to elucidate the mechanistic link 

existing among LDL transfer at the blood-vessel wall interface, WSS and atherogenesis. 
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Figure 1. Schematic diagram of the study design. In vivo imaging is adopted to reconstruct the 3D 
geometries of the human arteries adopted in this study. In vivo imaging and intravascular 
measurements are used to set personalized boundary conditions in CFD simulations. After solving 
the NS equations, (i) the AD problem of the LDL transport is numerically solved, and (ii) the WSS-
based quantities are computed by postprocessing the resolved flow field. A descriptive sketch of 
the approach used to obtain in vivo wall thickness measurements from IVUS images is also reported. 
MRI: magnetic resonance imaging; CCTA: coronary computed tomography angiography; IVUS: 
intravascular ultrasound; NS: Navier-Stokes; AD: advection-diffusion; LDL: Low-Density 
Lipoproteins; WSS: wall shear stress. 
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Figure 2. Explanatory sketch of WSS contraction regions. A) Typically, the WSS topological skeleton 
in contraction configuration (WSS unstable manifold, blue line) underlies an arrangement of the 
near-wall velocity streamlines (black dashed arrows) highlighting the existence of a diffusive 
boundary layer (grey area). B) Near-wall trajectories of biochemicals accumulate towards the WSS 
contraction region (blue area), leading to elevated concentrations. The contraction region 
approximates the unstable critical line (blue line). 
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