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Abstract.  Cerebral aneurysms are a type of cerebrovascular disorder where a balloon-like 
bulge forms in part of an artery in the brain. One of the developed treatments for large cerebral 
aneurysms is the Flow-diverter Stent (FDS) placement technique. Effective treatment outcomes 
in cerebral aneurysm treatment using FDS require proper placement of the device. Improper 
placement can lead to increased blood flow velocity and Wall Shear Stress (WSS) within the 
aneurysm, as well as increased pressure, which suggests a potential risk of rupture in large 
aneurysms. Considering these circumstances, this study evaluates the impact of FDS 
positioning on cerebral aneurysms by creating multiple FDS placement models with the device 
positioned proximally and distally to the aneurysm. Subsequently, we conducted fluid-structure 
interaction simulation analyses using the Particle Finite Element Method-Second Generation 
(PFEM-2) for the non-Newtonian fluid model of blood and the Discrete Element Method 
(DEM) for the FDS. This study reports the results of comparing blood behavior, WSS, and 
pressure inside the cerebral aneurysm based on the FDS placement position. 
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1 INTRODUCTION 
Cerebral aneurysms refer to conditions where a balloon-like bulge forms in part of an artery 

in the brain, commonly seen in women aged 40 to 60, and is a type of cerebrovascular disorder. 
The exact cause is not fully understood, but it is believed to form due to congenital defects in 
the arterial wall's medial layer, combined with acquired factors such as hypertension, 
arteriosclerosis, smoking, genetic predisposition, and endothelial repair impairment. These 
aneurysms are thinner and more fragile compared to normal vessels [1]. If a cerebral aneurysm 
ruptures, it causes subarachnoid hemorrhage, with a low societal reintegration rate of about 
30% for affected individuals. Therefore, surgical treatment is sometimes performed before 
rupture.  

One of the developed treatments for large cerebral aneurysms is the Flow-diverter Stent 
(FDS) placement technique [2,3,4]. This technique involves using a cylindrical device, known 
as FDS, made of finely woven metal wires in a mesh pattern. The device is placed in the cerebral 
artery to cover the neck of the aneurysm using a catheter. Due to its high metal density, the FDS 
reduces blood flow into the aneurysm, promoting thrombosis and preventing rupture. 

Effective treatment outcomes in cerebral aneurysm treatment using FDS require proper 
placement of the device. Nakayama et al. reported that, based on Computational Fluid 
Dynamics (CFD) analysis, certain strand patterns increased the flow velocity and Wall Shear 
Stress (WSS) within the aneurysm by 13%, highlighting a potential link to delayed aneurysm 
rupture post-FDS placement [5]. Cebral et al. confirmed through CFD analysis that FDS 
placement increased pressure within the aneurysm, suggesting a risk of rupture in large 
aneurysms [6]. Ma et al. reported a correlation between the increased metal coverage rate of 
FDS over the aneurysm neck and reduced flow velocity based on CFD analysis using structural 
analysis results after FDS placement [7,8]. 

Considering these circumstances, this study focuses on the placement position of the FDS. 
To evaluate the impact of FDS positioning on cerebral aneurysms, we created multiple FDS 
placement models with the device positioned proximally and distally to the aneurysm. 
Subsequently, we conducted fluid-structure interaction simulation analyses using the Particle 
Finite Element Method-Second Generation (PFEM-2) for the non-Newtonian fluid model of 
blood and the Discrete Element Method (DEM) for the FDS. This study reports the results of 
comparing blood behavior, flow velocity, pressure, and WSS inside the cerebral aneurysm 
based on the FDS placement position. 
 

2 METHODS 
The analysis flow is shown in Figure 1. A Finite Element Method (FEM) deployment 

analysis of the FDS was performed using a beam element model created by combining vascular 
structures generated from DICOM (Digital Imaging and Communications in Medicine) data 
and functions. The shape of the FDS beam element model after deployment was divided to 
create FDS shapes with the same conditions at three different positions. Subsequently, the nodes 
of the beam elements were interpolated and converted into DEM particles. This converted DEM 
particle model FDS, along with the PFEM-2, was used for coupled analysis to evaluate the 
impact on cerebral aneurysms. 
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Figure 1: Flow of FDS deployment analysis and blood flow analysis. 

2.1 Governing equations [9,10] 
The CFD method used was PFEM-2. PFEM-2 is aimed at solving the incompressible Navier-

Stokes equations. The conservation of momentum and mass is represented by the Navier-Stokes 
equation (1) and the continuity equation (2): 
 

𝜌𝜌 � 
𝑑𝑑𝑢𝑢𝑖𝑖
𝑑𝑑𝑑𝑑  + 𝑢𝑢𝑗𝑗

𝜕𝜕𝑢𝑢𝑖𝑖
𝜕𝜕𝑥𝑥𝑗𝑗

 �  =   
𝜕𝜕𝜎𝜎𝑖𝑖,𝑗𝑗
𝜕𝜕𝑥𝑥𝑗𝑗

+ 𝜌𝜌𝑓𝑓𝑖𝑖  (1) 

 
𝜕𝜕𝑢𝑢𝑖𝑖
𝜕𝜕𝑥𝑥𝑖𝑖

= 0 (2) 

 
Here, 𝑢𝑢 denotes the velocity, 𝑝𝑝 the pressure, 𝜌𝜌 the density, and 𝑓𝑓𝑖𝑖  the body force. The total 
stress tensor is expressed by the equation (3): 
 

𝜎𝜎𝑖𝑖𝑗𝑗 = −𝑝𝑝𝛿𝛿𝑖𝑖𝑗𝑗 + 𝜇𝜇 � 
𝜕𝜕𝑢𝑢𝑖𝑖
𝜕𝜕𝑥𝑥𝑗𝑗

 +  
𝜕𝜕𝑢𝑢𝑗𝑗
𝜕𝜕𝑥𝑥𝑖𝑖

−
2
3
𝜕𝜕𝑢𝑢𝑙𝑙
𝜕𝜕𝑥𝑥𝑙𝑙

𝛿𝛿𝑖𝑖𝑗𝑗  �   (3) 

 
Where is 𝜇𝜇 the dynamic viscosity coefficient and 𝛿𝛿𝑖𝑖𝑗𝑗 is the Kronecker delta. Assuming the fluid 
is incompressible, the total stress tensor is simplified by equation (4): 
 

𝜎𝜎𝑖𝑖𝑗𝑗 ≈ −𝑝𝑝𝛿𝛿𝑖𝑖𝑗𝑗 + 𝜇𝜇 � 
𝜕𝜕𝑢𝑢𝑖𝑖
𝜕𝜕𝑥𝑥𝑗𝑗

 +  
𝜕𝜕𝑢𝑢𝑗𝑗
𝜕𝜕𝑥𝑥𝑖𝑖

 � (4) 

 
Similarly, 𝜕𝜕𝜎𝜎𝑖𝑖𝑗𝑗/𝜕𝜕𝑥𝑥𝑗𝑗 can be expressed as equation (5): 
 

𝜕𝜕𝜎𝜎𝑖𝑖𝑗𝑗
𝜕𝜕𝑥𝑥𝑗𝑗

=  −
𝜕𝜕𝑝𝑝
𝜕𝜕𝑥𝑥𝑗𝑗

𝛿𝛿𝑖𝑖𝑗𝑗 +
𝜕𝜕
𝜕𝜕𝑥𝑥𝑗𝑗

�𝜇𝜇 � 
𝜕𝜕𝑢𝑢𝑖𝑖
𝜕𝜕𝑥𝑥𝑗𝑗

 +  
𝜕𝜕𝑢𝑢𝑗𝑗
𝜕𝜕𝑥𝑥𝑖𝑖

 � �  (5) 
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For near-incompressible flows, this can be further simplified as equation (6): 
 

𝜕𝜕𝜎𝜎𝑖𝑖𝑗𝑗
𝜕𝜕𝑥𝑥𝑗𝑗

≈  −
𝜕𝜕𝑝𝑝
𝜕𝜕𝑥𝑥𝑗𝑗

𝛿𝛿𝑖𝑖𝑗𝑗 + 𝜇𝜇
𝜕𝜕
𝜕𝜕𝑥𝑥𝑗𝑗

� 
𝜕𝜕𝑢𝑢𝑖𝑖
𝜕𝜕𝑥𝑥𝑗𝑗

� (6) 

 
From these, the governing equations obtained are equations (7) and (8): 
 

𝜌𝜌 � 
𝑑𝑑𝑢𝑢𝑖𝑖
𝑑𝑑𝑑𝑑  + 𝑢𝑢𝑗𝑗

𝜕𝜕𝑢𝑢𝑖𝑖
𝜕𝜕𝑥𝑥𝑗𝑗

 �  =  −
𝜕𝜕𝑝𝑝
𝜕𝜕𝑥𝑥𝑖𝑖

+ 𝜇𝜇
𝜕𝜕2𝑢𝑢𝑖𝑖
𝜕𝜕𝑥𝑥𝑗𝑗𝜕𝜕𝑥𝑥𝑗𝑗

+ 𝜌𝜌𝑓𝑓𝑖𝑖   (7) 

 
𝜕𝜕𝑢𝑢𝑖𝑖
𝜕𝜕𝑥𝑥𝑖𝑖

= 0 (8) 

 

2.2 Three step fractional method [9,10] 
The Three Step Fractional Method solves the Navier-Stokes equations efficiently by 

separating the velocity and pressure fields into the following three steps, as shown in equations 
(7) and (8). 

Step 1: Predict the velocity field. The predicted velocity 𝑢𝑢𝑖𝑖∗, excluding the pressure term, is 
calculated as shown in equation (9) 
 

𝑢𝑢𝑖𝑖∗  =  𝑢𝑢𝑖𝑖𝑛𝑛 − 𝛾𝛾
∆𝑑𝑑
𝜌𝜌
𝜕𝜕𝑝𝑝𝑛𝑛

𝜕𝜕𝑥𝑥𝑖𝑖
𝛿𝛿𝑖𝑖𝑗𝑗 +

∆𝑑𝑑
𝜌𝜌 𝜇𝜇

𝜕𝜕2𝑢𝑢𝑖𝑖𝑛𝑛+𝜃𝜃

𝜕𝜕𝑥𝑥𝑗𝑗𝜕𝜕𝑥𝑥𝑗𝑗
− ∆𝑑𝑑𝑢𝑢𝑗𝑗𝑛𝑛+𝜃𝜃

𝜕𝜕𝑢𝑢𝑖𝑖𝑛𝑛+𝜃𝜃

𝜕𝜕𝑥𝑥𝑖𝑖
+ ∆𝑑𝑑𝑓𝑓𝑖𝑖    (9) 

 
Here, 𝛾𝛾 is a correction coefficient and 𝜃𝜃 represents the time integration scheme parameter. 

Step 2: Update the Pressure Field. Next, the pressure field 𝑝𝑝𝑛𝑛+1  is calculated using the 
incompressibility condition. Applying the continuity equation results in the pressure Poisson 
equation (10): 
 

𝜕𝜕
𝜕𝜕𝑥𝑥𝑖𝑖

�𝑢𝑢𝑖𝑖𝑛𝑛+1 − 𝑢𝑢𝑖𝑖∗�  =  
∆𝑑𝑑
𝜌𝜌

𝜕𝜕
𝜕𝜕𝑥𝑥𝑖𝑖

𝜕𝜕
𝜕𝜕𝑥𝑥𝑖𝑖

(−𝑝𝑝𝑛𝑛+1 + 𝛾𝛾𝑝𝑝𝑛𝑛)𝛿𝛿𝑖𝑖𝑗𝑗  (10) 

 
From this equation, the first term on the left-hand side vanishes: 
 

𝜕𝜕
𝜕𝜕𝑥𝑥𝑖𝑖

(−𝑢𝑢𝑖𝑖∗)  =  
∆𝑑𝑑
𝜌𝜌

𝜕𝜕
𝜕𝜕𝑥𝑥𝑖𝑖

𝜕𝜕
𝜕𝜕𝑥𝑥𝑖𝑖

(−𝑝𝑝𝑛𝑛+1 + 𝛾𝛾𝑝𝑝𝑛𝑛)𝛿𝛿𝑖𝑖𝑗𝑗 (11) 

 
The next step pressure is determined from equation (11) and the boundary conditions. 

Step 3: Update the Velocity Field. Finally, the velocity field 𝑢𝑢𝑖𝑖𝑛𝑛+1  is updated using the 
computed pressure: 
 

𝑢𝑢𝑖𝑖𝑛𝑛+1 =  𝑢𝑢𝑖𝑖∗ +
∆𝑑𝑑
𝜌𝜌

𝜕𝜕
𝜕𝜕𝑥𝑥𝑖𝑖

(−𝑝𝑝𝑛𝑛+1 + 𝛾𝛾𝑝𝑝𝑛𝑛)𝛿𝛿𝑖𝑖𝑗𝑗 (12) 

 
In this manner, the computation maintains the incompressible flow condition while ensuring 
coordination between the velocity and pressure fields. 
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2.3 Governing equation of structure [11] 
DEM was proposed by Cundall et al. to represent particles such as granules and powders 

[12]. In this study, these DEM particles are fixed in space, and the translation and rotation of 
individual particles are completely constrained. Therefore, only the boundaries are considered, 
and the explanation is omitted. The boundaries are coupled by transferring the drag force 𝑓𝑓𝑑𝑑 as 
shown in equation (13). 
 

𝑓𝑓𝑑𝑑 =  
1
2 𝑣𝑣𝑓𝑓

2𝐴𝐴𝜌𝜌𝑓𝑓𝐶𝐶𝑑𝑑 (13) 

 
Here, 𝑣𝑣𝑓𝑓  denotes the velocity, 𝐴𝐴  the projected area, 𝜌𝜌𝑓𝑓  the fluid density, and 𝐶𝐶𝑑𝑑  the drag 
coefficient. 

2.4 Blood vessels and blood modeling 
The vessels were modeled by stacking DICOM data measured from patients, creating 

smoothed three-dimensional STL data. Subsequently, remeshing and thickening were 
performed to create an FEM model for simulation purposes. The constructed vessel is shown 
in Figure 2. Table 1 shows the material model, element type, and number of elements used. 

Blood is a shear-thinning fluid that depends on shear rate. Therefore, the Carreau model was 
used to represent the behavior of blood. The apparent viscosity coefficient using the Carreau 
model is shown in equation (14): 
 

   𝜇𝜇(�̇�𝛾) = 𝜇𝜇∞ + ( 𝜇𝜇0 − 𝜇𝜇∞ ) [ 1 + {�̇�𝛾𝜆𝜆}2 ] 𝑛𝑛−12  (14) 

 
Here, �̇�𝛾 denotes the shear rate, and following Cho et al., the zero-shear viscosity  𝜇𝜇0 is set to 
5.60 × 10−2 Pa ∙ s, the infinite-shear viscosity 𝜇𝜇∞ to 3.45 × 10−3 Pa ∙ s, the time constant 𝜆𝜆 
to 3.313 sec, and the exponent 𝑛𝑛 to 0.3568 [13]. Additionally, following Ma et al., the blood 
density is set to 1056 kg/m3 [8]. The results reflecting these constants are shown in Figure 3. 
 

                   
Figure 2: Blood vessel FE model.          Figure 3: Relationship between shear rate and viscosity coefficient. 
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Table 1: Model information and physical properties of finite element models [7,13]. 

Model and Unit 36 strands / 12 strands Crimper Catheter Blood vessel 

Material model [・] Elastic Elastic Elastic Rigid 

Element Model [・] Beam Shell Shell / Solid Solid 

Number of elements [ elements ] 6784 / 3392 320 21600 / 1200 80358 

Density [ kg/m3 ] 8250 / 21340 233000 7000 - 

Young's modulus [ Pa ] 2.3 x 1011 5.0 x 104 3.0 x 109 - 

Poisson's ratio [・] 0.30 / 0.40 0.17 0.30 - 

 

2.5 Flow-diverter stent and catheter modeling 
The FDS was modeled as a self-expanding braided stent composed of 48 interwoven wires. 

To simplify the modeling process, a braiding function was created to replicate the interweaving 
without the actual braiding process. The design variables of the FDS are shown in Figure 4. 
Table 1 shows the material model, element type, number of elements, and material properties 
used. The material model was set as a linear elastic body for shape comparison after placement, 
and Hughes-Liu beam elements were used to balance computational cost. The FDS consists of 
36 strands of Co-Ni-Cr-Mo alloy and 12 strands of Pt-W alloy. Based on the material properties 
referenced from Ma et al. and Otomo et al., two types of wires with different materials were 
replicated in one model [7,14]. Additionally, the friction coefficients used between the models 
are shown in Table 2. 

For the catheter, considering the computational cost, the guide wire and delivery wire used 
for FDS placement were omitted, and only the microcatheter was replicated. Therefore, the 
insertion support of the microcatheter by the guide wire and the fixation of the BS by the 
delivery wire were replicated by forced displacement. The design variables of the microcatheter 
model are shown in Figure 5. Table 1 shows the material model, element type, number of 
elements, and material properties used. The material model was set as a linear elastic body, and 
the modeling was performed using fully integrated shell elements and one-point integrated solid 
elements. 
 

2.6 FDS packaging 
The naturally created FDS needs to be packaged into the microcatheter. Therefore, a cylinder 

was created to compress the FDS, as shown in Figure 5. The compression process of the FDS 
is also shown in Figure 5. By compressing the cylinder inward through forced displacement, 
the FDS was also compressed. The compression continued until the FDS was reduced to a size 
that could be packaged into the microcatheter, and the entire assembly was restrained to prevent 
the FDS from re-expanding after compression. The FDS was then packaged into the 
microcatheter while maintaining this restrained state. After being packaged into the 
microcatheter, the FDS was released. 
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Figure 4: Braiding and design variables of FDS. 

 
Table 2: Static and dynamic friction coefficient conditions between finite element models [13]. 

Static Friction / Dynamic Friction FDS Crimper Catheter Blood vessel 

FDS 0.05 / 0.01 0.03 / 0.01 0.05 / 0.01 0.08 / 0.04 

Crimper 0.03 / 0.01 - - - 

Catheter 0.05 / 0.01 - - - 

Blood vessel 0.08 / 0.04 - - - 

 

 
Figure 5: FDS packaging process. The process was divided into stages I to IV. The FDS is compressed to a size 
smaller than the catheter using a crimper. Next, the crimper is removed and replaced with the catheter. 
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2.7 Deployment analysis 
Structural analysis using FEM was conducted through dynamic analysis with ANSYS LS-

DYNA R14.1 (ANSYS Inc., Canonsburg, PA). The explicit method was used for time 
discretization due to the nonlinear contact expected from the FDS. The central difference 
method was employed in the explicit method, and the time increment during analysis was set 
to 0.9 times the automatically calculated time increment by ANSYS LS-DYNA. For 
deployment, the packaged FDS and the microcatheter were inserted into the blood vessel by 
applying forced displacement. During deployment, the microcatheter was given a forced 
displacement in the opposite direction of insertion, and simultaneously, the proximal end of the 
FDS was displaced distally by a virtual pusher to simulate FDS deployment. The deployment 
process is shown in Figure 6. 
 
 

2.8 Model Remaking and Mesh Conversion 
To evaluate the impact of the FDS placement position on a cerebral aneurysm, the deployed 

beam element model of the FDS was divided and remade into three models: an FDS placed 
proximally to the aneurysm, an FDS placed centrally, and an FDS placed distally. The division 
was performed so that the number of elements remained equal. The remade beam element 
models were then converted into DEM particles for coupled analysis using PFEM-2 and DEM. 
The nodes between the placed FDS shapes were interpolated and converted into DEM particles. 
The number of particles after interpolation was 87168, with an inter-particle distance of 0.02 
mm. 
 
 
 

 
Figure 6: FDS Deployment analysis results. 
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2.9 Blood Flow Analysis 
For the four models three models with remade FDS placement positions and one model 

without FDS a one-way fluid-structure interaction analysis from structure to fluid using PFEM-
2 and DEM was conducted with ANSYS LS-DYNA R14.1 (ANSYS Inc., Canonsburg, PA). 
The FDS converted into DEM particles was fully constrained in space. Additionally, 
computational cost was reduced by not performing contact calculations between particles. 
Table 0 shows the papers that report the blood flow velocity in the internal carotid artery. The 
maximum flow velocity in peak systolic flow velocity (PSV) is approximately 0.8 m/sec at its 
highest. Based on this, a steady inflow velocity of 0.8 m/sec was applied as the inflow condition. 
A pressure condition of 0 Pa was applied to the outflow condition. The fluid mesh consisted of 
approximately 9.6 million elements. A no-slip condition was applied to the vessel wall, with 
the boundary layer consisting of 10 layers. 
 
Table 3: Papers on the blood flow velocity and diameter of the internal carotid artery [14,15,16,17,18,19]. To 
determine the blood flow velocity, multiple papers on blood flow velocity were compared.  

Reference 
number 

Measured 
vascular 

site 

Blood flow velocity  [m/sec] Vascular 
diameter [mm] Age Remarks 

column Maximum Minimum Average 

[15] ICA 0.480  0.160  - 4.44 ± 0.56 24-83 Retrieved  
from graph 

[16] 
ICA 0.626  0.380  - - 24  - 
ICA 0.614  0.378  - - 23  - 

[17] 

ICA-C1 - - 0.25 ± 0.052 - 46.2 ± 13 (20-70) - 
ICA-C3 - - 0.25 ± 0.069 - 46.2 ± 13 (20-70) - 
ICA-C7 - - 0.35 ± 0.100 - 46.2 ± 13 (20-70) - 
ICA-C1 - - 0.26 ± 0.059 - 46.2 ± 13 (20-70) - 
ICA-C3 - - 0.25 ± 0.250 - 46.2 ± 13 (20-70) - 
ICA-C7 - - 0.35 ± 0.100 - 46.2 ± 13 (20-70) - 

ICA-C1 0.323  0.112  - - 46.2 ± 13 (20-70) Retrieved  
from graph 

ICA-C3 0.435  0.202  - - 46.2 ± 13 (20-70) Retrieved  
from graph 

ICA-C7 0.548  0.190  - - 46.2 ± 13 (20-70) Retrieved  
from graph 

[18] 

ICA 0.525 ± 0.085 - - - 27.7 ± 3.9 - 
ICA 0.598 ± 0.085 - - - 27.7 ± 3.9 - 
ICA 0.830 ± 0.143 - - - 27.7 ± 3.9 - 
ICA 0.768 ± 0.139 - - - 27.7 ± 3.9 - 
ICA - 0.217 ± 0.038 - - 27.7 ± 3.9 - 
ICA - 0.256 ± 0.043 - - 27.7 ± 3.9 - 
ICA - 0.299 ± 0.052 - - 27.7 ± 3.9 - 
ICA - 0.329 ± 0.072 - - 27.7 ± 3.9 - 

[19] 
ICA 0.373 ± 0.026 - 0.108 ± 0.021 5.6  - - 
ICA 0.369 ± 0.013 - 0.083 ± 0.016 5.6  - - 

[20] 

ICA 0.82 (0.50-1.12) 0.34 (0.21-0.45) - - 20-39 - 
ICA 0.76 (0.60-1.01) 0.31 (0.24-0.40) - - 40-49 - 
ICA 0.80 (0.59-0.96) 0.34 (0.22-0.44) - - 50-59 - 
ICA 0.79 (0.62-1.09) 0.28 (0.19-0.38) - - 60-69 - 
ICA 0.71 (0.40-0.97) 0.26 (0.11-0.37) - - 70-79 - 
ICA 0.76 (0.56-0.98) 0.18 (0.11-0.22) - - 80- - 
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3 RESULTS 
From the results of the blood flow analysis, it was observed that in the cerebral aneurysm 

without FDS placement, blood flow generated vortices within the aneurysm. In contrast, the 
three models with FDS placement showed a reduction in vortices within the aneurysm. 
Regarding blood flow velocity, the three models with FDS placement exhibited an increase in 
the region showing velocities above 0.8 m/sec at the base of the aneurysm. Among these, the 
model with the FDS placed proximally showed the greatest increase in the region with velocities 
above 0.8 m/sec. In inverse proportion to this phenomenon, the model with the FDS placed 
proximally showed lower blood flow pressure near the aneurysm wall compared to the other 
models with FDS placement, while the model with the FDS placed distally exhibited higher 
blood flow pressure. There was a noticeable difference in wall shear stress at the neck of the 
aneurysm between the models with and without FDS placement, with the model with the 
proximally placed FDS showing higher regions of wall shear stress near the aneurysm wall. 
 

 
Figure 6: Blood Flow Analysis Results. The analysis compared three types of parameters WSS, fluid velocity, 
and fluid pressure for different scenarios: without FDS, FDS placed proximally to the cerebral aneurysm, FDS 
placed centrally, and FDS placed distally. 
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4 DISCUSSION 
An increase in blood flow velocity was observed with the placement of the FDS. This is 

thought to be due to the reduction in vessel diameter caused by the FDS, which increased the 
blood flow velocity. According to Bernoulli's theorem, the relationship between velocity and 
static pressure explains why the model with the FDS placed proximally showed a decrease in 
pressure, while the model with the FDS placed distally showed an increase in pressure. This 
pressure change is expected to be related to the vortices generated within the cerebral aneurysm. 
It can be understood that when the altered fluid pressure is continuously connected from within 
the cerebral aneurysm to the distal end without an increase in pressure, it leads to a reduction 
in vortices generated within the flow. These results suggest that the placement position of the 
FDS, even with equal metal coverage rates, may affect the occlusiveness of the treatment 
outcome. Regarding the impact on WSS, the difference might not be apparent due to the 
analysis time and the steady inflow boundary conditions applied. 

5 CONCLUSION 
This study evaluated the behavior of blood flow, pressure, and WSS based on differences in 

the placement position of the FDS through deployment analysis and blood flow analysis. It was 
confirmed that the placement of the FDS increased the blood flow velocity in the parent vessel, 
leading to changes in fluid pressure. By utilizing this phenomenon, it is possible to intentionally 
reduce the pressure within the cerebral aneurysm. Additionally, it was observed that a 
continuous decrease in fluid pressure towards the distal end could reduce vortices within the 
cerebral aneurysm after FDS placement. These results suggest that the placement position of 
the FDS, even with equal metal coverage rates, may affect the occlusiveness of the treatment 
outcome. Further validation is needed to substantiate these findings.  
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