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Abstract 
We present numerical simulations of blood flow through a brain vascular 
aneurysm with an artificial stent using Smoothed Particle Hydrodynamics 
(SPH). The aim of this work is to analyze how the flow into an aneurysm 
changes using different stent configurations. The initial conditions for the 
simulations were constructed from angiographic images of a real patient with 
an aneurysm. The wall shear stresses, pressure and highest velocity within the 
artery, and other particular quantities are calculated which are of medical 
specific interest. The numerical simulations of the cerebral circulation help 
doctors to determine if the patient’s own vascular anatomy has the conditions 
to allow arterial stenting by endovascular method before the surgery or even 
evaluate the effect of different stent structure and materials. The results show 
that the flow downstream the aneurysm is highly modified by the stent con-
figuration and that the best choice for reducing the flow in the aneurysm is to 
use a completely extended Endeavor stent. 
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1. Introduction 

Brain vascular pathologies are difficult to treat and have a broad field of re-
search. A brain aneurysm is a vessel dilation caused by a weakness of the artery’s 
wall, with risk of rupture or cerebral compression when reaching a big size. But 
even with the best technology many patients have lost the opportunity to cure 
because of a special manifestation of the disease. In these cases, simulation of the 
angioarchitecture is crucial for planning the treatment. The general incidence of 
bleeding related to an aneurysm rupture is 9.1/100,000 persons/year, but there 
are countries with two times more risk of bleeding like Japan with 22.7/100,000 
persons/year [1].  

There are different shapes of aneurysms, but in general they can be classified 
as saccular and fusiform. The first one is the most common form in 90% of cas-
es. Several studies have found that the localization, size and shape are important 
factors of rupture, a trial called ISUIA (International Study of Unruptured In-
tracranial Aneurysms). A critical review of the ISUIA found that aneurysms 
greater than 10 mm and located at posterior circulation have more risk of rup-
ture [2] as well as a long perpendicular height (the measurement of the aneu-
rysm height at a perpendicular direction from the center of the aneurysm neck 
to the aneurysm dome) [3] [4]. The standard treatment of brain aneurysm rup-
tured or unruptured are open surgery with clipping or revascularization and 
endovascular therapy that can be with coiling or stenting [5] [6] [7]. Most of the 
aneurysms that can be treated by endovascular methods are candidates to embo-
lization with coils which are small pieces of platine that fill the aneurysm cavity 
avoiding the blood stress on the aneurysm wall. However, not all the aneurysms 
can be treated in that way. For instance, this is the case of fusiform aneurysms, 
of saccular aneurysms with wide neck and giant aneurysms that are very big to 
be filled by coils, which must be treated with surgery or with a special device 
called flow diverter, stents and low profile endovascular devices [8] [9] [10]. This 
kind of devices are like expandable cylinders put by endovascular access that 
cover the inner membrane of the vessels avoiding or lowering the flow of blood 
within the aneurysm that could eventually lead to thrombosis. The stents are 
built with nitinol, platinum-tungsten and cobalt, and chromium with diameters 
of 2.5 to 6 mm and lengths between 14 and 40 mm. Depending upon the reduc-
tion of the vessel diameter, the flow and the porosity-dependent pressure, they 
can be classified as laser–cut or braided devices. The stents are composed of a 
mesh that is organized following an architecture of open-cells or closed cell [11] 
(see Figure 1). 

There are actually a lot of questions about the best materials to employ and 
the design of the endovascular devices for complex aneurysm treatment. Further 
developments should focus on improving the deployment and the best stent for 
every patient. On the other hand, the brain vascular computer simulations must 
reproduce the vascular tree or at least some of its parts in order to estimate the 
response to the treatment prior to the accomplishment of a modification of the  
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Figure 1. Stent image as seen in an angiogram. The blue 
arrow points to the position of the stent. 

 
cerebral vascular anatomy. Virtual stenting may simulate the cerebral blood flow 
change in a vessel with aneurysmal pathology in a specific patient using the he-
modynamic modification analysis with a specific device [12] as well as finite 
element methods [13]. In order to enhance prediction, the effects of blood vis-
cosity, soft materials, thickness and the architecture of the complex network 
even in not completely expanded stents need be simulated. In this paper, the 
numerical simulations were performed using the method of Smoothed Particle 
Hydrodynamics (SPH). SPH is a particle-based, Lagrangian method used for 
simulating the mechanics of continuous media [14]. The basic idea behind SPH 
is very simple. It starts by reconstructing a continuous field at any point in space 
and time from a cloud of discrete particles, which are the material property car-
riers. This is accomplished by a three-dimensional interpolation of the scattered 
data by means of a kernel function [14]. Medical applications using the SPH 
method have started to appear very recently. For example, interactive blood si-
mulations for virtual surgery using the SPH method have been performed by 
Muller et al. [15], while SPH of left ventricular blood flow has been reported by 
Caballero et al. [16]. Although, computational hemodynamic analyses of endo-
vascular devices have been performed using conventional methods [17] [18] 
[19], so far no simulations with SPH exist in the literature. The initial conditions 
for the SPH simulations are constructed using angiographic images of a real pa-
tient with an aneurysm. While this is the gold standard test for obtaining the 
best quality in angioarchitecture, such images can also be obtained from a CT 
scan or a MRI with 3D reconstruction [20] [21], as shown in Figure 2. 

The paper is organized as follows. A description of the numerical models and 
parameters are given in Section 2. Section 3 describes the main results, and Sec-
tion 4 contains the relevant conclusions. 

2. Numerical Models and Parameters 

The numerical simulation of blood flow through a brain vascular aneurysm with  
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Figure 2. Patient angiography with 3D reconstruction. 

 
an artificial stent was performed using the SPH method [14] [22]. The code 
solves the conservation laws of mass and momentum for a viscous fluid with 
prescribed boundary conditions. The discretization of the governing equations is 
performed over a cloud of scattered particles, which are the carriers of the fluid 
properties. For more details on the method, the reader is referred to Monaghan 
[14] and Liu and Liu [22]. The aim of this work is to analyze the hemodynamic 
flow as it goes into the aneurysm using different stent configurations from which 
it is possible to calculate the wall shear stress tensor, the pressure and the highest 
velocity within the artery as well as other particular quantities which may have a 
specific interest for medical evaluation.   

The numerical simulations were performed using a modified version of the 
DualSPHysics code, which is described in detail by Crespo et al. [23]. One of the 
main advantages of the DualSPHysics code is its parallel structure. The code is 
written in the C++ language using the Open Multi-processing application that 
allows performing calculations in parallel using different numbers of cores ac-
cording to the computer equipment used. In addition, there is a version written 
in CUDA (Compute Unified Device Architecture) that allows the use of GPU 
processors (Graphics Processor Unit). 

2.1. Artery, Aneurysm and Stent Geometry 

The geometry of the aneurysm was taken from the angiographic image of a real 
patient as illustrated in the Figure 3 from three different perspectives, front (YZ 
plane), side (XZ plane) and top (XY plane). A virtual file with this geometry was 
produced from the results of the angiography and exported to the SPH code to 
create the boundary conditions of the artery and aneurysm. Figure 4 shows the 
distribution of boundary SPH particles (right) employed to reconstruct the true  
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Figure 3. The aneurysm of a patient taken from an angio-
graphic image. The image is shown from three different 
perspectives: front (YZ plane), side (XZ plane) and top (XY 
plane). 

 

 
Figure 4. SPH particle reconstruction of the angiographic image of an aneurysm. The 
boundary of the artery is made up of SPH particles. 
 
artery and aneurysm geometries (left). In the present simulations, the assump-
tion is made that both the artery and the aneurysm are rigid bodies. 

Two generic stent geometries were considered to analyze the flow behavior 
into the aneurysm when one stent is introduced into the artery. The first stent 
used in this study is equivalent to a second generation Endeavor stent for which 
the strut wall thickness is 0.09 mm. The geometry of the stent is shown in the left 
frame of Figure 5. The second stent was constructed by taking an octagonal 
geometry as the basis of the mesh. The geometry of the octagonal stent is de-
picted in the right frame of Figure 5. The stent model geometries were repro-
duced with the aid of the software Blender v2.67 and the stent insertion into the 
aneurysm was made using tools of the software Blender, which creates a file that 
is finally imported into the DualSPHysics code to reproduce numerically the 
geometry of both the stent and the artery using SPH particles.  

The geometry from the angiographic image was used as the basis to model 
both stents. Four different cases of study are considered. In the first case, the 
Endeavor stent is extended completely into the artery, so that it almost fits the 
wall boundaries of the artery as shown in the left frame of Figure 6. The second 
case deals with the Endeavor stent not being completely extended and so it is  

Angiography
image

SPH particles

Export data

Aneurysm Aneurysm
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Figure 5. Geometry and dimensions of the Endeavor (left) and octagonal (right) stents as used in the numerical simulations. 

 

 
Figure 6. Completely (left) and partially extended (right) En-
deavor stents within the artery as employed in the numerical si-
mulations. 

 
slightly separated from the wall of the artery as shown in the right frame of Fig-
ure 6. 

The third and fourth cases of study maps the geometry obtained from the an-
giographic image with an octagonal stent into the artery. In the third case, the 
octagonal stent is again extended completely so that the mesh fits the inner wall 
of the artery, while in the fourth case the stent is not extended completely and so 
it looks separated from the wall of the artery. These geometries are both dis-
played in Figure 7. 

Endeavor Stent
Octagonal Stent

Endeavor stent
extended completely

Endeavor stent not
extended completely

Aneurysm Aneurysm
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Figure 7. Completely (left) and partially extended (right) 
octagonal stents into the artery as employed in the numeri-
cal simulations. 

2.2. Parameters 

The parameters used in the numerical simulations are listed in Table 1.  
The reference density corresponds to the average value of whole blood for a 

human, while ν = 3.36 mPa, s is the blood dynamical viscosity at 27˚C. The 
background pressure of 7500 Pa corresponds to the normal diastolic arterial 
pressure. The smoothing length is the width of the interpolating kernel function 
used in SPH and determines the spatial resolution of the calculation. For about 
half million particles a value of 1.732 mm is enough for resolving small features 
of the flow and representing the arterial irregularities with sufficiently good ac-
curacy. The time duration of a simulation is typically 6.0 seconds. At the initial 
time (t = 0 s), the blood within the aneurysm is assumed to be at rest (i.e., v = 0). 

2.3. Boundary Conditions 

No slip boundary conditions are used at the solid wall of the artery, using the 
dynamic particle method implemented in the DualSPHysics code [23]. At the 
inlet of the aneurysm the flow velocity is set by a sequential flow rate characte-
rizing a systole and diastole pulsatile flow wave in the cardiac cycle, the two 
mean phases of each heartbeat. The flow rate at the inlet corresponding to this 
pulsatile blood flow is shown in the right frame of Figure 8. Non-reflecting out-
let boundary conditions, as were recently developed for pipe flow simulations by 
Alvarado-Rodríguez et al. [24], were implemented at the outlet of the artery. 
This outflow boundary conditions are implemented using an outflow zone 
downstream of the outlet, where particles are moved using an outgoing wave 
equation for the velocity field so that feedback noise from the outlet boundary is 
greatly reduced. The inlet and outlet flow geometry is depicted in the left frame 
of Figure 8. 

3. Results 

The results of the numerical simulations are divided into three parts. In the first 
part, we describe the results in terms of the blood flow rate at the inlet and outlet  

Octagonal stent
extended completely

Octagonal stent not
extended completely

Aneurysm Aneurysm
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Table 1. Parameters used for the numerical simulations. 

Parameter Value 

Reference density (ρ0) 1056 kg·m−3 

Dynamical viscosity (ν) 3.36 mPa·s 

Speed of sound (c) 40 m·s−1 

Background pressure (p) 7500 Pa 

Smoothing length (h) 1.732 × 10−3 m 

Gravity (g) −9.8 m·s−2 

CFL number 0.2 

Total number of particles 493,904 

 

 
Figure 8. Boundary conditions. The inlet flow rate shown in the right frame was used as 
the inlet boundary conditions, while at the outlet of the artery fully non-reflecting boun-
dary conditions are employed. 
 
planes, the velocity at the center of the aneurysm and the velocity field through 
the artery for each case of study. In the second and third parts, results are given 
for the pressure and the wall shear stress tensor, respectively. All the numerical 
results were obtained using the tools of DualSPHysics and the free software Pa-
raView 5.1.2 for large data visualization. 

3.1. Velocity and Flow Rates 

The inlet flow rate profile is the same for all cases of study. However, the flow 
rate profile at the center of the artery before the stent zone is modified due to the 
presence of the stent. The flow rates are very similar to the inlet profile for all 
cases except for the case with the octagonal stent when it is extended completely. 
This is due to the geometry of the stent and its thickness. The thickness of the 
stent canalizes the flow in the center of the artery by a reduction of the transver-
sal area, thereby increasing the flow velocity. The flow rates for each case of 
study are seen to differ at the zone just before the stent as shown in Figure 9. 
The flow rate was measured at an inner station of the artery as shown by the 
black point of coordinates (0, 0, 0.03). 

At the outlet of the artery, the flow is also seen to be greatly affected by the  
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Figure 9. Flow rate profile within the artery before the stent zone (right), at the coordi-
nate point shown in the left frame. The right frame shows how the flow rate is modified 
due to the stent in the artery. 
 
stent configuration. The flow rate at the outlet of the artery should have similar 
characteristics to the inlet flow rate due to the artery being assumed to be a rigid 
body. However, the flow rate profile at the outlet, as measured at the center of 
the artery at the coordinate point (−0.03, −0.03, 0.125), is also modified by the 
stent configuration as shown in the right frame of Figure 10. In the simulation 
of the artery without stent (Case 1), the flow rate is slightly reduced by the pres-
ence of the aneurysm and the change of the transversal area of the artery, and in 
spite of this the flow looks very similar to that at the inlet. In all cases with stent, 
the flow rate at the outlet of the artery is seen to increase due to the reduction of 
the transversal area, while the reduction of the highest flow rates is also smooth-
er in each cardiac cycle as shown in Figure 10. 

One purpose of introducing the stent into the artery is to reduce the flow and 
pressure in the aneurysm. Therefore, it is important to compare the fluid veloci-
ty in the aneurysm for the cases when the stent is present to the case when the 
artery is free of stent. The numerical results indicate that the velocity into the 
aneurysm decreases by about 88.5% in the cases 2, 4 and 5 compared to case 1 
with no stent. The fluid velocity into the aneurysm increases just after the first 
pulsatile wave. However, it is not seen to decrease in a similar way as occurs 
close to the inlet as can be observed by comparing Figure 9 and Figure 10. 
These results suggest that there exists a constant flow into the aneurysm caused 
by turbulence (see Figure 17) that keeps a constant move in the fluid when it is 
flowing in the artery. On the other hand, when a stent is introduced in the ar-
tery, strong changes in the velocity are seen to occur within the aneurysm. The 
pulsatile flow in the aneurysm appears in those cases where the stent is not com-
pletely extended and disappears when the stent is completely extended, implying 
a decrease of the velocity field by about 92.8% for case 2. In case 3, the velocity is 
reduced by about 71.4% due to the design of the stent and the amplitude of the 
octagonal mesh. In all cases, the fluid velocity and therefore the flow is reduced 
in the aneurysm when a stent is introduced into the artery. However, the fea-
tures of the flow are different when the stent is completely extended or not.  
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Figure 10. Flow rate profile at the outlet in the center of the artery. The flow is measured 
at the coordinate point shown in the left frame. The right frame shows how the flow rate 
is modified due to the stent in the artery. 
 
Since the main purpose of introducing the stent is to reduce the flow in the 
aneurysm, the results indicate that the stronger reduction is obtained using a 
completely extended Endeavor stent into the artery. The details of the fluid ve-
locity in the aneurysm are displayed in Figure 11 for all cases of study. 

The velocity field within the artery at different times (from 1.0 to 2.5 s as in 
Figure 8) are shown in Figures 12-16 for cases 1, 2, 3, 4, 5, respectively. In all 
runs, the highest velocity always occurs near the center of the artery in accor-
dance with the theory of fluid flow in a channel or pipe. When the stent is 
present, the highest velocity is achieved in the stent zone due to the reduction of 
the transversal area. The greater increase of the fluid velocity in the stent zone 
for case 3 is clearly shown in Figure 14. The average velocity of the fluid in the 
artery is about 35 cm/s. However, in the case where the Endeavor stent is not 
completely extended the fluid velocity at the center of the stent reaches a velocity 
as high as 1 m/s. In all cases, the stent is seen to canalize the blood flow, avoiding 
that it passes through the aneurysm. This is shown in Figures 14-16, where the 
velocity into the aneurysm is clearly reduced compared to the velocity in the ar-
tery. Compared to the cases with stents, the velocity is always greater and even it 
is seen to increase with time in the aneurysm when the artery is free of stent, as 
shown in Figure 12.   

Figure 17 depicts the velocity vectors in the aneurysm for the case when the 
artery is free of stent. The formation of a vortical flow is evident, which then in-
creases with time in each cardiac cycle as shown by the size of the vectors in the 
middle and right frames. Each frame corresponds to one cardiac cycle according 
to Figure 8. 

In contrast, when a stent is introduced in the artery, the vortical flow shown in 
Figure 17 disappears as it is evident from Figures 18-21 corresponding to cases 
2 to 5, respectively. 

3.2. Pressure 

The pressure at the inlet of the artery just before the stent zone provides a measure  
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Figure 11. Flow rate profiles in the aneurysm as measured at the coordinate point de-
picted in the left frame. The right frame shows how the flow rate is modified due to the 
presence of the stent. 
 

 
Figure 12. Velocity field in the artery without stent for 
one cardiac cycle from 1.0 to 2.5 s, for the inlet flow rate 
shown in Figure 8. 

 
of how the presence of the stent affects the artery internal pressure. In all cases, 
the fluid internal pressure increases when the stent is inserted. If it is desired 
that the internal pressure keeps almost constant before and after the stent 
zone, then the Endeavor stent is the best option provided that it is completely 
extended. However, if it is not completely extended this stent represents the 
worst option because it produces the highest increase in pressure compared with 
all other cases. The pressure profiles at the inlet of the artery are shown in Fig-
ure 22. 

The pressure at the outlet of the artery provides information on the loss of 
pressure due to the stent configuration. For case 1, where the artery is free of 
stent no loss of pressure is seen because the flow is not hindered by an obstacle.  

t = 1.0 s t = 1.5 s

t = 2.0 s t = 2.5 s
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Figure 13. Velocity field into the artery with an 
Endeavor stent completely extended. 

 

 
Figure 14. Velocity field into the artery with an 
Endeavor stent not completely extended. 

 

 
Figure 15. Velocity field into the artery with 
an octogonal stent completely extended. 

t = 1.0 s t = 1.5 s

t = 2.0 s t = 2.5 s

t = 1.0 s t = 1.5 s

t = 2.0 s t = 2.5 s

t = 1.0 s t = 1.5 s

t = 2.0 s t = 2.5 s
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Figure 16. Velocity fields into the artery with an 
octogonal stent not completely extended. 

 

 
Figure 17. Vorticity field in the aneurysm when the artery is free of stent. The internal 
velocity increases with time as shown by the size of the velocity vectors. 
 

 
Figure 18. Velocity field in the aneurysm for case 2 at t = 2.5 s. 

 

 
Figure 19. Velocity field in the aneurysm for case 3 at t = 2.5 s. 

 
In case 2 with the Endeavor stent completely extended, the pressure loss is about 
300 Pa due to the presence of the stent, while in case 3 with the Endeavor stent  

t = 1.0 s t = 1.5 s

t = 2.0 s t = 2.5 s

t = 1.0 s t = 2.5 s t = 4.0 s
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Figure 20. Velocity field in the aneurysm for case 4 at t = 2.5 s. 

 

 
Figure 21. Velocity field in the aneurysm for case 5 at t = 2.5 s. 

 

 
Figure 22. Internal artery fluid pressure just before the stent zone. In all cases, an increase 
of the pressure occurs when the stent is introduced in the artery. 
 
not completely extended, the pressure loss increases to about 489 Pa. For com-
parison, cases 4 and 5 have a pressure loss of about 523 and 572 Pa, respectively. 
The details of the fluid pressure at the outlet as a function of time are shown in 
Figure 23. 

The pressure in the aneurysm has a similar behavior to the pressure at the 
outlet even in the cases where the stent is present within the artery, which is in 
good accordance with Pascal’s law [25] [26]. The fluid pressure profile into the 
aneurysm is shown in Figure 24. The resulting pressure field through the artery 
at three different times into a cardiac cycle is shown in Figures 25-29. The 
pressure fields shown in these figures are in good agreement with the results de-
scribed in Section 3.1. 

3.3. Wall Shear Stress Tensor 

For the analysis of the wall shear stress tensor, we follow Tanemura et al. [27] for  
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Figure 23. Internal artery fluid pressure at the outlet. In all cases, a pressure loss occurs in 
the presence of a stent, while no loss is observed without a stent. 
 

 
Figure 24. Arterial fluid pressure in the aneurysm. The pressure in the aneurysm has a 
similar behavior to the outlet pressure. 
 

 
Figure 25. Pressure field in the artery for case 1. 

t = 1.0 s t = 1.5 s

t = 2.0 s t = 2.5 s
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Figure 26. Pressure field in the artery for case 2. 

 

 
Figure 27. Pressure field in the artery for case 3. 

 
the calculation of the hemodynamic parameters from the simulated flow fields, 
namely the wall shear stress (WSS), the oscillatory shear index (OSI), the WSS  

t = 1.0 s t = 1.5 s

t = 2.0 s t = 2.5 s

t = 1.0 s t = 1.5 s

t = 2.0 s t = 2.5 s
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Figure 28. Pressure field in the artery for case 4. 

 

 
Figure 29. Pressure fields in the artery for case 5. 

 
gradient (WSSG), the relative residence time (RRT) and the flow velocity (FV). 
To evaluate the hemodynamic effect of the stent placement, these hemodynamic 
parameters were compared for identical models with and without stent. For the 

t = 1.0 s t = 1.5 s

t = 2.0 s t = 2.5 s

t = 1.0 s t = 1.5 s

t = 2.5 s

t = 2.0 s

t = 1.0 s t = 1.5 s

t = 2.5 s
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details of the calculation of the hemodynamic parameters we refer to Tanemura 
et al. [27]. The results listed in Table 2 were calculated from the numerical re-
sults in the aneurysm region. However, the WSS in the artery is shown in Figure 
30 at t = 2.5 s. In all cases, the WSS is reduced when the stent is placed within 
the artery compared to the case when the artery is free of stent. The WSS value 
of 7.24 Pa predicted by our calculations for Case 1 with no stent compares qua-
litatively well with those reported by recent CFD simulations of blood flow in 
cerebral aneurysms, which range between 10.09 and 5.23 Pa [28].  

In order to analyze the flow of blood around the stent, a singular section was 
chosen at the inlet of the aneurysm. The singular section is shown in Figure 31 
for a completely extended octagonal stent. The numerical results clearly show 
that a turbulent flow is formed when the blood is blocked by the stent in the 
streamwise direction. However, this regime becomes laminar just before to be 
blocked again by the next wall of the stent as is shown in Figure 32. This special 
case was run with 2 million particles and the same parameters listed in the Table 
1. 
 
Table 2. Hemodynamics parameters for each case of study. 

Parameter Case 1 Case 2 Case 3 Case 4 Case 5 

WSS (Pa) 7.24 3.83 11.1 2.60 0.866 

OSI 0.16 0.208 0.269 0.066 0.187 

WSSG 
(Pa/mm) 

12.92 7.09 19.4 3.95 1.37 

RRT (m2/N) 0.306 0.671 2.93 0.666 2.77 

FV (m/s) 0.589 0.100 0.100 0.263 0.082 

 

 
Figure 30. The WSS through the artery. The WSS is reduced into 
the aneurysm in all cases with stent. However, the value of the WSS 
increases around the artery in the stent zone. 

Case 1 Case 3Case 2

Case 4 Case 5
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Figure 31. Isolated singular section employed to analyze the fluid 
flow through the mesh of the stent. 

 

 
Figure 32. Velocity vectors in the isolated singular section shown in 
Figure 31. 

4. Concluding Remarks 

We have presented exploratory SPH calculations of blood flow through a brain 
vascular aneurysm using Smoothed Particle Hydrodynamics (SPH) methods. 
The initial conditions were constructed from angiographic images of a real pa-
tient with an aneurysm. The flow structure within the aneurysm was investigated 
in terms of the flow velocity, the internal pressure and the wall shear stresses for 
five model cases of flow with and without stent. The first case corresponds to 
flow without stent, while the other four cases correspond to flow in the presence 
of an Endeavor and an octagonal stent, when they are completely extended and 
partially extended within the artery. 

The results indicate that the flow downstream the aneurysm is highly mod-
ified by the stent configuration. The thickness of the stent canalizes the flow 
within the artery due to a reduction of the transversal area, resulting in an in-
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creasing flow velocity and a pressure loss. Moreover, when a stent is introduced 
in the artery, significant changes of the velocity occur in the aneurysm. When 
the Endeavor stent is completely extended within the artery, the flow in the 
aneurysm is seen to decrease by more than 90% compared to about 70% for the 
case of an Endeavor stent not completely extended. Similar drops of the flow ve-
locity were also observed for an octagonal stent. More importantly, the run with 
no stent predicted the development of turbulent flow within the aneurysm, 
which was also seen to increase with time. Conversely, this vortical flow was seen 
to strongly decrease and even disappear when a stent is inserted into the artery. 
On the other hand, the pressure losses across the aneurysm were seen to be 
slightly higher for the cases with an octagonal stent. Considering that the main 
purpose of introducing a stent is that of reducing the flow in the aneurysm, the 
results indicate that the best choice is to use an Endeavor stent completely ex-
tended into the artery. Moreover, if the internal pressure has to remain almost 
constant before and after the stent, the best option is again the Endeavor stent 
completely extended. However, if this stent is not completely extended then it 
becomes the worst option since it produces the highest increase in pressure 
compared to all other cases. 

Future studies in this direction will include models of brain vascular flow with 
different parameters and different patient aneurysm images. Further testing of 
the code will also include direct comparison with true medical data. 
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