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Abstract: Stenting is a very effective treatment for stenotic vascular diseases, but vascular geometries altered by stent implantation may 

lead to flow disturbances which play an important role in the initiation and progression of restenosis, especially in the near wall in 

stented arterial regions. So stent designs have become one of the indispensable factors needed to be considered for reducing the flow 

disturbances. In this paper, the structural designs of strut cross-section are considered as an aspect of stent designs to be studied in 

details. Six virtual stents with different strut cross-section are designed for deployments in the same ideal arterial model. Computational 

fluid dynamics (CFD) methods are performed to study how the shape and the aspect ratio (AR) of strut cross-section modified the local 

hemodynamics in the stented segments. The results indicate that stents with different strut cross-sections have different influence on the 

hemodynamics. Stents with streamlined cross-sectional struts for circular arc or elliptical arc can significantly enhance wall shear stress 

(WSS) in the stented segments, and reduce the flow disturbances around stent struts. The performances of stents with streamlined 

cross-sectional struts are better than that of stents with non-streamlined cross-sectional struts for rectangle. The results also show that 

stents with a larger AR cross-section are more conductive to improve the blood flow. The present study provides an understanding of the 

flow physics in the vicinity of stent struts and indicates that the shape and AR of strut cross-section ought to be considered as important 

factors to minimize flow disturbance in stent designs. 
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1  Introduction 
 
A narrowed arterial lumen or arterial stenosis can limit 

distal blood flow and result in downstream tissue death 
from inadequate perfusion[1]. Many stents have been used 
successfully to treat stenosis vascular diseases in recent 
years. Except that the primary function of a stent is to 
provide scaffolding to hold the arterial lumen open and 
preserve an adequate cylindrical lumen for blood flow[1], it 
has some advantages, such as micro-traumatic 
characteristics, short-time hospital stays and high efficiency 
compared to bypass grafting and balloon angioplasty. 
However, there are still some problems such as thrombosis 
and restenosis after stenting. 

In order to resolve these problems, much research has 
been carried out on the performance of stents after stent 
implantation from stent structural designs. But except for 
some studies about the mechanical supporting properties of 
stents[2–3], hemodynamic changes near wall induced by 
stents are often studies and considered to be related to the 
initiation and development of restenosis. Various fluid 
dynamics studies[4–5] demonstrate that low mean wall shear 
stress (WSS), oscillating WSS, and high particle residence 
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times induced by stents easily occur in specific locations 
for intimal thickening in restenosis. Some animal and in 
vitro experimental studies[6–10] suggest that stent design is 
an important factor influencing the restenosis rate. Clinical 
reports[11–13] also consider that stent design (such as spacing, 
height and number of struts) can influence the low and high 
WSS distributions and result in restenosis. It is clear that 
stent design alters flow behaviors near the stented wall, 
which results in restenosis. Therefore, the evaluation of 
hemodynamics caused by stents is important to optimize 
stent design. The computational fluid dynamics(CFD) 
method has been used to study complex flow behaviors 
because it can provide detailed information about flow 
behaviors near struts in stented arteries[14–18]. Influence of 
some stent design parameters on hemodynamics has also 
been studied with the CFD method[19–20]. Among these 
design parameters of stents, strut cross-section is also a key 
part needed to be studied. While early stent designs mainly 
concentrate in wire coil stents (round cross-sectional struts) 
and slotted tubes stents (rectangular cross-sectional 
struts)[21], which always produce disturbed flow around 
struts. Furthermore, some studies[22–23] analyze the 
influence of stents with different cross-sectional shapes, 
different strut height and same strut width on 
hemodynamics and propose that changing stent strut profile 
to a more streamlined shape and decreasing the strut height 
can improve the hemodynamics for clinical stenting 
success with two-dimensional flow studies. Therefore, 
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based on the previous studies, keeping strut height constant, 
three-dimensional stent models with different shapes and 
aspect ratio (AR, the ratio of width to height) of strut 
cross-section are established for further research about the 
influence of strut cross-section on hemodynamics near the 
stented wall with the CFD method. Varying the strut 
cross-sectional parameters and keeping the same boundary 
conditions, the hemodynamics of different models after 
stent implantation are compared to present a proper 
technical solution for improving stent performances. 

 
2  Flow Models and Numerical Methods 

 
2.1  Stent geometry and physical models 

The coronary artery is assumed to be a straight 
single-layer cylindrical tube with an internal diameter of  
3 mm and the stent-to-artery ratio is 1:1. It is also assumed 
that stent models have similar structures and different strut 
cross-sectional shapes, such as rectangle, circular arc, and 
elliptical arc. Considering the calculation time, we only 
model four supports of stents in the axial direction and six 
sinusoidal parts of each support in the circumferential 
direction. Also, three connectors of stents in the 
circumferential direction are considered in all stent models 
to guarantee the mechanical flexibility of stents. Stent 
structure and strut cross-sectional shapes are depicted in 
Figs. 1(a) and 1(b). The strut height (h) and strut width (w) 
of six models are listed in Table 1. Moreover, additional 
lengths are added to the proximal and distal regions of 
stented segment for a fully developed flow, so the physical 
model is shown in Fig. 1(c) with a total length of 79 mm. 

 

 
Fig. 1.  Stent geometric structure and flow physical model 

Table 1.  Parameters of six stent models 

Model Cross-sectional shapes 
Strut height 

h/mm 
Strut width 

w/mm 

A Rectangle 0.05 0.10 
B Rectangle 0.05 0.14 
C Circular arc 0.05 0.10 
D Circular arc 0.05 0.14 
E Elliptical arc 0.05 0.10 
F Elliptical arc 0.05 0.14 

 

2.2  Governing equations and boundary conditions 
The governing equations of mass conservation and 

Navier-Stokes equations are as follows: 
 

0, =V                  (1) 

 

2d
,

dt
 =- + 

V
p V           (2) 

 
where V and P represent the blood flow velocity vector and 
pressure, ρ is the density of 1060 kg/m3 and μ is the 
viscosity of 3.5´10–3 kg/m • s[24]. 

Blood is assumed to be an incompressible, homogeneous 
and Newtonian fluid[25]. The arterial wall is assumed to be 
rigid. All the simulations are performed with no-slip 
(zero-velocity) conditions between stents and artery walls 
and zero pressure at the outlet[25] which are expressed as 
Eqs. (3)–(4): 

 

wall 0,=v                   (3) 

 

outlet 0.=p                  (4) 

 
Numerical simulations are conducted to elucidate the 

influence of strut cross-section on hemodynamics under 
both steady flow and pulsatile flow conditions. The purpose 
of steady flow is to investigate quantitatively the influence 
of different strut cross-sections on hemodynamics. A 
pulsatile flow is conducted to compare the differences of 
hemodynamics between steady and pulsatile flow. Given 
the computational time, the flow field of stents with same 
AR and different cross-sectional shapes (Model A, C and E) 
are studied under pulsatile flow. 

Under steady flow conditions, the inlet velocity (vinlet) is 
assumed to be a uniform inflow velocity profile with a 
value of 0.2 m/s which corresponds to the Reynolds 
number of 182. Similarly, under pulsatile flow conditions, a 
pulsatile waveform of the inlet velocity is used as inlet 
boundary conditions for blood flow (Fig. 2), which is based 
on the waveform taken from Ref. [26]. Under this flow 
condition, the maximum and minimum Reynolds number is 
330 and 114, respectively which correspond to the largest 
and the lowest inlet velocity of 0.36 m/s and 0.125 m/s. So, 
the blood flow in arterial vessels can be considered to be 
laminar in all simulations. In Fig. 2, Dimensionless time 
t/T is scaled by the cardiac cycle period, T=0.735 s. 
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Fig. 2.  Pulsatile waveform of the inlet velocity                      

for blood flow 

 

 

2.3  Grid system and numerical methods 
The physical models were imported into Gambit 2.3 

(ANSYS, Inc.) to generate the computational grids for fluid 
domains. A mixed grid with tetrahedral elements is used to 
mesh the stented segments, while a cooper grid method is 
used to mesh the inlet and outlet segments for all models. 
Grid density near the stented wall is larger than elsewhere 
to gain more accurate WSS. The size-function in Gambit is 
used to mesh the stented regions (Fig. 3). Then the 
parameters in size-function are modified to get more 
refined grids for a grid-sensitivity analysis. By comparing 
the two adjacent simulation results, grid-independency is 
demonstrated until the relative difference of simulation 
results is less than 5% for assuring the simulation accuracy. 
Eventually, the number of grid elements varies from    
893 670 to 2 023 927 depending on different stent geometries. 

 

 
Fig. 3.  Computational grids of the physical models          

after stent implantation 
 

The finite volume method is used to solve mass 
conservation equations and Navier-Stokes equations. A 
three-dimensional single-precision, segregated and laminar 
solver is used with second-order windward scheme to 
discretize these differential equations. During the solution, 
under-relaxation factors are set as 0.3 for pressure, 1 for 
density, 0.7 for momentum. Standard discretization is used 
for pressure with a SIMPLE algorithm under pressure- 
velocity coupling. Convergence criterion for mass and 
momentum residuals is set as 1´10–4. In addition, for the 
time step-independence, we use 0.002 5 s as a time step 

size and the number of time steps is 294 per pulse cycle 
under the pulsatile conditions because the study results of 
DWYER, et al[27] found that 240 time steps per pulse cycle 
could give very good results with high resolution. The 
transient inlet velocity waveforms for the cardiac cycle are 
programmed into the Fluent code as UDF profile files. The 
simulation is computed continuously for four cardiac cycles 
and show that cyclic independence is achieved at the 4th 
cardiac cycle. So data information of some critical time 
points (see Fig. 2) in the 4th pulse cycle is used to analyze 
the hemodynamics. 

 
3  Simulation Results 

 

3.1  Influence of strut cross-section on flow velocity 
For the physical models, the flow patterns are laminar in 

whole flow domains. Before encountering stents, blood 
flow has been to be a fully developed flow and the flow 
velocity profiles are almost completely similar just like 
parabolic curve. Then blood flow passes through the 
stented segments, the flow velocity profiles begin to change. 
In order to illustrate the flow velocity changes in stented 
arteries, we select eight lines (L1–L8) in Plane X=0 as 
shown in Figs. 1(c) and 1(d). These lines are distributed 
before and after stent strut with a same distance deviated 
from adjacent struts. The velocity profiles in the lines of 
L1–L8 for six physical models are depicted in Fig. 4.  

 

 
Fig. 4.  Velocity profiles in the lines of L1–L8 for six physical 

models after stent implantation 

 
As a whole, stent implantations greatly improve the flow 

boundary conditions and the velocity profiles change 
gradually along the blood flow directions after 
encountering the stent struts. In the first line L1, the 
velocity changes are quite similar for all models. After 
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passing the first strut, the velocity distributions still 
maintain consistency in line L2, but the velocity values 
near wall decreased from L1 to L2. While from L3 to L8, 
except for the differences of velocity values in each line 
between these models, the velocity distributions are almost 
similar for all models. Moreover, in order to look for the 
differences in detail among these models, the line L5 of the 
stented segments for six models is selected to quantitatively 
analyze the differences of the velocity distributions for 
different cross-sections as shown in Fig. 5. 

 

 
Fig. 5.  Influence of strut cross-sectional shapes of stents     

on blood flow velocity in line L5 for six models 

 

From overall view shown in Fig. 5, there are differences 
between the velocity values of these models, especially in 
the regions near wall. And the maximum values of the 
velocity appear in the center of stented arteries. The 
velocity variation near wall in stented segment was as 
follows: Model D>C>F>E>B>A. Obviously, the 
velocity near wall changed faster for stents with a larger 
AR in case of stents with same cross-sections. Moreover, 
the percentage of the velocity variation near wall of Model 
A, C and E with smaller AR decreased 4.7%, 3.7% and 13% 
separately compared with the corresponding Model B, D 
and F. Simultaneously, the influence of strut cross-sectional 
shapes on flow velocity near wall was also significant and 
compared as follows: stents with circular arc cross- 
section>stents with elliptical arc cross-section>stents with 
rectangular cross-section. 

The changing trends of the velocity along flow directions 
were consistent for six models as shown in Fig. 4. In order 
to describe the velocity changes for each model, the 
velocity distributions of L1–L8 for the physical model D 
were selected and shown in Fig. 6. After blood flow passed 
line L2, the velocity curves began to show differences, and 
the velocity values near wall were getting smaller until 
reaching line L7. After passing the last strut near line L7, 
the flow velocity of L8 near wall began to increase. The 
comparison of the velocity values near wall for these lines 
was as follows: L7<L8<L6<L5<L4<L3<L2<L1 for all 
models. The velocity began to change quickly (from L2 to 
L3) before encountering the second strut, then slowed 

down. When passing the last strut, the flow velocity began 
to decrease until reaching a steady flow state. 

 

 

Fig. 6.  Influence of strut cross-section of stents on blood flow 
velocity in lines of L1–L8 for the physical model D 

 

 

3.2  Influence of strut cross-section on WSS 
The WSS distributions were plotted in Fig. 7 for six 

physical models. The stent geometry had a dramatic 
influence on WSS from the whole distributions of all 
models. There were some differences for the WSS 
distributions among these models. After stent implantation, 
the highest WSS mainly occurred on the strut surface while 
the lowest WSS occurred in the regions around struts. Also, 
WSS generally increased from the regions adjacent to struts 
to the mesh center regions in every strut mesh (Fig. 7). But 
the WSS values of every strut decreased modestly with 
subsequent strut for six models along blood flow directions. 
Regions of low-WSS were mainly observed before and 
after each strut. The areas of low-WSS in the later strut 
mesh were larger than that in the former strut mesh along 
flow directions. The hemodynamic influence of stent strut 
on upstream was lower than that on downstream. 
Furthermore, low-WSS was prone to appear in the regions 
of small strut spacing, especially in these regions of 
peak-to-peak including connect-struts. 

 

 

Fig. 7.  Influence of strut cross-section of stents on WSS      
in stented sections for six models (units: Pa) 

 
Fig. 8 shows the comparisons of WSS distributions on 
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the arterial wall of Plane X=0 in stented segments. It can 
clearly observe the differences of WSS distributions 
derived from stents with different cross-section and the 
largest WSS appear on the strut surfaces. 

 

 

Fig. 8.  Distributions of WSS at the stented wall for models  
with different strut cross-sectional shapes 

 
Some previous studies[28–30] on blood flow and WSS 

indicated that low or oscillating WSS generated by stent 
implantation is easy to contribute to neointima hyperplasia, 
especially for the WSS value of less than 0.5 Pa. So 0.5 Pa 
was assumed as a critical WSS value to consider the 
regions prone to restenosis in this study. The data related to 
WSS were listed in Table 2. The average WSS ( w ) in each 
model was calculated by the following equation: 

 
1

d ,w w
s

A
A

 = ò              (5) 

 
where A was the whole luminal surface of each model, and 

w denotes WSS. 
 
Table 2.  Comparison of main results for different models 

Model 
The largest value 
of WSS τmax/Pa 

Area percentage of 
WSS <0.5Pa parea/% 

Average 
WSS  /Pa

A 5.69 5.53 2.813 
B 5.96 5.34 2.810 
C 6.44 0.30 2.856 
D 6.84 0.13 2.872 
E 6.76 0.98 2.834 
F 6.69 0.25 2.882 

 
The values of average WSS for six models are above the 

physiological level (1–2 Pa • s) in a healthy arterial 
vessel[31–32], which indicates that stent implantation can 
improve the flow field conditions. Table 2 also shows the 
largest value of WSS and the vessel area percentage 
subjected to low-WSS on the entire fluid domain. It can be 
noted that the comparison of strut influence on low-WSS 
areas is as follows: Model A>B>E>C>F>D. For stents 
with the same strut height, the area percentages of 
low-WSS   (<0.5 Pa) for struts with streamlined shapes 
(Models C, D, E and F) are significantly lower than that for 
struts with non-streamlined shapes (Models A and B). 
Meanwhile, it is clear that the area percentages of low-WSS 
for models with a larger AR are relatively low only when 
stents have similar cross-sectional shape. And the area 
percentages of low-WSS for Models B, D, and F with 
larger AR are respectively reduced by 3.4%, 56.7% and 
74.5% when compared with Model A, C, and E 
correspondingly.  

Especially, it is benefit to greatly improve the 
hemodynamics by increasing the AR of stents with 
streamlined cross-section. Moreover, for stents with a same 
AR, the influence of non-streamlined stents on 
hemodynamics is obviously larger than that of streamlined 
stents. The area percentage of low-WSS for Model A is 
reduced by 94.6% and 82.3%, respectively when compared 
with Model C and Model E. The area percentage of low-WSS 
for Model B is reduced by 97.6% and 95.3%, respectively 
when compared with Model D and Model F. Obviously, the 
non-streamlined stents for Model A and B with rectangular 
cross-section are easiest to produce low-WSS regions among 
these models. Therefore, stents with streamlined 
cross-sections for circular arc or elliptical arc and the strut 
cross-section with a larger AR (B>A, D>C, F>E) can 
remarkably improve the flow performance of stents. 

 

3.3  Pulsatility on hemodynamics for different strut 
cross-sectional shape 

The pulsatile simulations were conducted for three 
models which have different shapes and same dimensions 
in width and height for strut cross-section. The line L3 
which positioned in stented segments and six time points 
showed in Fig. 2 were selected to illustrate the velocity 
variations with flow time (Fig. 9). For all models, the 
velocity distributions varied with the inlet velocity. 

 

 
Fig. 9.  Velocity distributions of line 3 for six selected time 

points for three models 
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Temporal WSS distributions in stented segments are 
shown in Fig. 10. The WSS magnitude at different time is 
significantly different due to the changes of the inlet 
velocity. The WSS distributions also vary with struts for 
different cross-sections. WSS generated by the stent with 
rectangular cross-section are much lower than stents with 
other cross-sections. 

 

 
Fig. 10.  Distributions of WSS for different                     

strut cross-section 
 
 

4  Discussion 
 
These results clearly demonstrate that stent implantations 

greatly improve the blood flow field and strut 
cross-sections significantly influence the hemodynamics in 
stented arteries. As shown in Fig. 5, the models with 
different cross-section have different growth rates of the 
velocity near wall which would cause different degrees of 
flow disturbance. For the models with different strut width 
(e.g., A and B, C and D, E and F), the results of the velocity 
changes near wall are as follows: A<B, C<D, E<F. In 
combination with the previous studies[22–23] about the 
influence of strut height on hemodynamics, the AR of strut 
cross-section is considered as a decisive factor affecting the 
hemodynamics. Especially, the differences of the velocity 

values for Model E and F are largest among three groups, 
mainly because the changes of cross-sectional shapes are 
the most severe, as shown in Fig. 11. The largest velocity 
differences induced by stents with elliptical arc 
cross-section (Model E and F) demonstrate that the 
streamlines of strut cross-section is also a key factor 
affecting the hemodynamics. It is consistent with the result 
that stents with more streamlined cross-section exhibit 
better hemodynamics[22]. 

 

 

Fig. 11.  Amplifier schematic of strut cross-sectional shape    
of stents for physical models 

 

The differences of the velocity distributions in lines of 
L1–L8 are clearly displayed in Fig. 6 for the same model. 
The velocity difference of 0.1 m/s among these lines can 
be observed. It is mainly caused by the positions of lines in 
the stented segment. Obviously, in some regions with larger 
strut spacing of L2 and L3, L6 and L7, the velocity changes 
are significantly bigger than that with a relatively small 
strut spacing of L4 and L5. It is benefit to blood flow in 
some places with larger strut spacing which is in good 
agreement with the previous studies[19–20, 28]. Though strut 
spacing is not considered in this paper, it is still an 
important factor affecting the hemodynamics. It can also be 
validated that larger low-WSS areas are observed in places 
with small strut spacing as shown in Fig. 7. Therefore, the 
proper strut spacing is one of the best solutions for 
improving the hemodynamics of stents only when stents 
can be ensured to prevent plaque prolapse. As in the 
previous study[9], flow disturbance of stent downstream 
have been detected larger than that of stent upstream. It is 
possible that restenosis easily appear in the stent 
downstream regions. 

The presence of low-WSS in stented regions might 
contribute to endothelial damage and restenosis 
development. As shown in Fig. 7, Fig. 8 and Table 2, the 
comparisons of the models with same AR on low-WSS area 
can be concluded as follows: A>E>C, B>F>D. Obviously, 
the influence of non-streamlined cross-section on low-WSS 
area is greater than that of the streamlined cross-section. 
Strut cross-sectional shape is a significant factor affecting 
the area of the low-WSS. Simultaneously, the area 
comparisons of the low-WSS for the models with similar 
cross-sectional shape, different AR can be concluded as 
follows: A>B, C>D, E>F. It also indicates that strut 
cross-sections with larger AR can cause smaller low-WSS 
area. The above results all show that stents with 
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streamlined cross-sections and a larger AR are more 
beneficial to blood flow, which is consistent with the 
previous results[23]. 

The inlet velocity is 0.2 m/s at the time of t2 and t5 
during the cardiac cycle period which is equal to the inlet 
velocity of steady flow. The WSS distributions in t2 and t5 
are employed to compare with that under steady flow. The 
result comparisons are shown in Fig. 12. It is obvious that 
the temporal WSS at the distal of the systole (t2) are lower 
than that at the distal of the diastole (t5). But it is difficult 
to compare qualitatively with the WSS distributions 
between steady and pulsatile flow. It can be computed for 
the percentage of low-WSS in t2 and t5 separately for 
quantitative comparisons. And the results related to WSS 
are depicted in Table 3. 

 

 
Fig. 12.  Comparisons of WSS under steady                       

and unsteady flow conditions with a same            
magnitude of inlet velocity for 0.2 m/s 

 
Table 3.  Comparison of main results for a same inlet velocity 

under different time points 

Models & 
time points 

The largest value 
of WSS τmax/Pa 

Area percentage of 
WSS <0.5 Pa parea/% 

Average 
WSS /Pa

A & t2 6.10 3.40 2.690 
A & t5 6.51 2.33 2.885 
C & t2 6.39 0.16 2.700 
C & t5 6.96 0.09 2.901 
E & t2 7.45 0.19 2.712 
E & t5 7.93 0.14 2.907 

 

Under pulsatile conditions, the area percentage of 
low-WSS at t2 is higher than that of t5 for all models. The 
pulsatile calculated results show that the influence of 
cross-section on WSS is similar to that of the steady 
condition. It is still the largest for the influence of Model A 
on WSS, the following behind for Model E and the least for 
Model C. For Model A, the area percentages of low-WSS at 
t2and t5 reduce by 38.5% and 57.8%, respectively when 
compared with that of steady flow. For Model C, the area 
percentages of low-WSS at t2 and t5 reduce by 46.7% and 
70%, respectively when compared with that of steady flow. 
For Model E, the area percentages of low-WSS at t2 and t5 
reduce by 80.6% and 85.7%, respectively when compared 
with that of steady flow. By comparing quantitatively the 
results about the area percentage of the low-WSS, it is 
concluded that simulations of steady flow overestimate the 

area of low-WSS, which can lead to overestimate the risk 
of restenosis. 

Hemodynamics is only part of the success of stent 
implantation. This study analyzes how stents with different 
cross-section alter the hemodynamics in the acute stage 
after stent implantations. It is no consideration to the 
appearance of thrombus which can occur within minutes to 
hours after stent implantation. It is well-known that the 
low-WSS regions can delay restoration of endothelial cells 
and increase the likelihood of restenosis, so it’s important 
to optimize stent designs using CFD method to minimize 
flow disturbances. The size of low-WSS regions varies 
with the shapes and AR of strut cross-section. A better 
design of strut cross-section is to look for a proper 
streamline and the AR of strut cross-section for decreasing 
disturbed flow associated with platelet activation and 
accumulation.  

The proposed physical models are based on simplified 
ideal status between the stents and the arteries, and the 
coronary artery is only assumed to be a straight single-layer 
vessel wall. The simplified assumptions may affect the 
simulation results. In order to more accurately estimate the 
simulation results, there are still some factors which need to 
be added into the current models, including the three-layer 
properties of vessel wall, the actual vessel status after stent 
implantation, the vessel models (curved and bifurcation 
models), and the compliance match between stents and 
arteries. Except for the mentioned parts, the fluid-structure 
interaction (FSI) method[33–34] also should be employed to 
study the interaction between blood and the arterial wall for 
a more precise analysis. Even so, the present simplified 
models still demonstrate the importance of the strut 
cross-sectional design on hemodynamics and provide some 
design ideas of stent structures. 

 

5  Conclusions 
 

Blood flow behaviors after implanting different stents 
are well investigated using the three-dimensional numerical 
simulation method. The strut cross-section of stents 
inevitably influences the hemodynamics of the stented 
segments which would be closely related to the restenosis 
process. Different results of the hemodynamics were 
significantly observed through changing the shapes and AR 
of the stent strut cross-section in the stented arteries. Based 
on the above results, the main conclusions are as follows. 

(1) The flow performances of stents with streamlined 
cross-section for elliptical arc and circular arc are obviously 
superior to that of stents with non-streamlined cross-section 
for rectangle. So, it is beneficial to reduce the in-stent 
restenosis by the improvement in the shapes of stent strut 
cross-section in stent designs.  

(2) Except for the shapes of stent strut cross-section, the 
AR of strut cross-section is also an important factor in stent 
designs. It will be more beneficial to improve the blood 
flow and reduce the restenosis for stents with a larger AR 
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cross-section.  
(3) It would greatly reduce the disturbed flow by 

improving the cross-sectional parameters of stents. These 
results may guide stent designs and assist the clinician in 
selecting an appropriate stent for treating special lesions. 

Although stents with more streamlined cross-section 
would be limited by present manufacturing technology. 
With the development of manufacturing technology, solid 
models of vessels and stents can be manufactured and 
experiments in vitro can be carried out for further studies. 
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