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Introduction 

Carotid artery stenosis has 2%-8% prevalence, 
representing a relevant portion of the 6.400.000 
strokes that occur each year. Despite carotid 
endarterectomy (CEA) is still considered the 
golden standard to treat carotid stenosis, several 
studies encourage the use of CAS underlining, at 
the same time, the importance of technical skills, 
patient selection and use of dedicated devices to 
improve the CAS outcomes. In particular, the 
importance of stent cell design (i.e. closed versus 
open) and vessel scaffolding for CAS clinical 
outcomes is a matter of debate [1,2].  
The study aims at quantitatively evaluating the 
impact of carotid stent cell design on vessel 
scaffolding through patient-specific finite element 
analysis (FEA) of carotid artery stenting (CAS).  

Methods 

The study is organized in two main parts: 1) 
validation of patient-specific FEA of CAS; 2) 
evaluation of vessel scaffolding.  
In the first part, we compare the micro-CT images 
of an open-cell stent deployed in a patient-specific 
silicon mock artery with the corresponding FEA 
results  (see Figure 1).  
In the second part, we first perform the 
deployment simulation of the closed-cell 
counterpart and subsequently, for both cases, we 
evaluate the stent strut distribution (inter-strut 
angle) in different vessel cross-sections as a 
measure of scaffolding (see Figure 2). 

Results and Discussion 

CAS simulation matches well with the 
experimental stent deployment, from both the 

qualitative and quantitative point of view (see 
Table 1), demonstrating the reliability of the 
proposed numerical approach [3].  
The measurement of inter-strut angles (see Table 
2) indicates that open-cell designs offer poorer 
scaffolding (as evidenced by the higher predicted 
values of inter-strut stenting) but possess a 
superior ability to accomplish irregular eccentric 
profile of a given vessel cross-section.  

Conclusions 

Even though the investigation is limited to a 
single stent design and one vascular anatomy, the 
present study confirms the capability of dedicated 
FEA to predict non-invasively differences in 
scaffolding by open-cell and closed-cell stents, 
typically used for CAS. 
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Tables 
Table 1: FEA of CAS validation: inter-strut angles for the 
section 2 depicted in figure 1. 

Angles [°] θ1 θ2 θ3 
Experimental test 72.3 28.8 26.3 

Numerical analysis 82.8 29.6 32.9 
∆θ [°] +10.5 +0.8 +6.6 

Table 2: Open- versus closed-cell: inter-strut angles for  five 
vessel cross-sections depicted in figure 2.  

Cell 
Design 

Open-cell Closed-cell 

Inter-strut 
angle [°] 

Max Mean±SD Max Mean±SD 

Section 1 74 46.3±28.2 23.9 19.6±2.1 
Section 2 69 43±24 26.5 19.5±3.3 
Section 3 67.3 24.7±14.7 25.2 19.5±3.6 
Section 4 25.8 17.8±4.5 25.1 18.7±3.6 
Section 5 36.5 18.3±5.2 24.3 18.5±2.7 

 

Figures 

 

Figure 1: Comparison between experimental (top) and 
numerical (bottom) stent/vessel configuration. The figure 
highlights the strut position at three section (sec. 1: x=10 
mm; sec. 2: x=19 mm; sec. 3: x=30 mm) and the 
deformation of stent cells from a virtual view through the 
ECA. 

 

Figure 2: Cut views of five different vessel cross-sections for 
both open-cell design (left) and closed-cell design (right). 
The section position is illustrated with respect to pre-stenting 
vessel (top) and for each section the maximum inter-strut 
angle is depicted. Moreover the gap between the stent and 
the vessel wall is highlighted in yellow. 

 


