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Abstract.Cerebral artery disease is a leading global cause of mortality. Bypass graft surgery, a
therapeutic intervention aimed at restoring blood circulation, represents an effective approach for the
treatment of this ailment. The present work conducted an analysis and developed an idealized, 3D
cerebral aneurysm model with a novel complete bypass graft to treat the aneurysm. Several bypass
cases were considered according to Table 1 to determine the optimal combination by analyzing the
hemodynamic parameters, i.e., blood pressure, velocity, and wall shear stress (WSS). The Finite
Volume Method (FVM) was used for numerical simulations. The results showed that at the peak of the
systolic phase, averaged pressure and averaged WSS fell to about 27-38% and 35-57%, respectively,
at the aneurysm wall, while the velocity dropped to about 23—45% inside the aneurysm. By analyzing
numerical results, case 4 was found to be optimal. In this case, for the peak of the systolic phase,
averaged pressure and averaged WSS reduced to ~37.979% and ~56.662%, respectively, for the
aneurysm wall, and averaged velocity reduced to ~44.934% inside the aneurysm. These findings
could serve as a reference for medical intervention as well.

Keywords: Pulsatile blood flow, Cerebral artery, Aneurysm, Bypass graft, Finite volume
method.

1. INTRODUCTION

Cerebral aneurysms (CAs) commonly known as intracranial or brain aneurysms, which can affect 3%
to 5% of the worldwide population, are abnormal dilations of cerebral blood arteries that present
considerable dangers to neurological health and general survival[1, 2]. Aneurysms develop from weak
artery walls, usually around bifurcation sites, and may stay symptomless until rupture, resulting in
severe outcomes such as aneurysmal subarachnoid hemorrhage (aSAH), a critical condition linked to
higher morbidity and mortality rates[2, 3].The reported rate of aSAH due to a burst intracranial
aneurysm in the United States is roughly 8-10 per 100,000 individuals, with nearly 500,000 fatalities
globally each year attributed to brain aneurysms[4].Behavioral risks for aneurysmal subarachnoid
hemorrhage (aSAH) encompass hypertension, tobacco usage, alcohol dependence, and the
consumption of sympathomimetic substances like cocaine, while women are more predisposed than
men to develop a brain aneurysm, with a ratio of 3:2[4, 5].Therefore, to lower the mortality rate, it is
essential to have a solid understanding of the flow characteristics of brain aneurysm.Computer
simulations or numerical analyses offer researchers efficient methods to comprehend the flow
characteristics or hemodynamics such as blood pressure, Wall Shear Stress (WSS), and blood velocity
of aneurysms, facilitating the detection of aneurysms and their critical conditions, as well as aiding in
their treatment[6-10]. Despite the elastic nature of the walls of the arteries and aneurysms, they are
treated as rigid and sometimes idealized modelsare considered in the place of patient specific models
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in order to facilitate numerical simulation of the models. So, Zhao et al. [11]conducted numerical
simulations of the aneurysm model and presented a comparative analysis of the results, treating
arterial and aneurysmal walls as rigid and elastic, respectively. They demonstrated that elastic models
align remarkably well with the clinical environment[11].Ford et al.[8] conducted a numerical study
demonstrating that computational fluid dynamics (CFD) is capable of accurately modeling the intra-
aneurysmal flow characteristics in structurally realistic experimental models. In other study,Bernsdorf
et al. [12]examined the disparity in WSS between Newtonian and non-Newtonian fluids in a patient-
specific cerebral aneurysm model, demonstrating that the maximal Newtonian WSS is 17-50% more
than that observed in the non-Newtonian simulation.Furthermore, several studies have been done to
analyze the risk factors, and it is found that WSS, pressure, oscillatory shear index (OSI), etc. are key
factors in developing an aneurysm[13-20]. In a study, Kaneko et al.[21] demonstrated that, using an in
vitro model of cerebral aneurysm, that the basilar tip aneurysm's peak experiences low WSS and
circulating flow, while the parent artery has linear flow. Similarly, Jiang et al.[22]and Singh et al.
[19]demonstrated that hemodynamic characteristics linked with thinner aneurysm wall sections
included higher pressure and lower WSS and there are considerable risk of rupture. Various
investigations by Kimura et al.[16] and Qi Hu et al. [23]demonstrated that maximum OSI is a critical
determinant of rupture risk, while low OSI is significantly associated with the thin-walled regions of
cerebral aneurysms.Fujimura et al.[17] examined the hemodynamic factors associated with aneurysm
beginning by analyzing angiographic images of patients with cerebral aneurysms obtained prior to and
following aneurysm formation. They concluded that beginning of aneurysm is more probable in
regions where both tensile forces exerted on theartery wall and total pressure loss are substantial[17].
Moreover, the above researchers didn’t show the treatment plan for cerebral aneurysms.Various
surgical treatments exist for the treatment of cerebral aneurysms, including clipping, wrapping and
clipping, coil embolization, high-porosity mesh (HPM) stents, and bypass procedures [24-31]. Also, a
novel technique known as a flow diverter stent has been proposed for the treatment of aneurysms[32,
33].In a study, Feng et al.[34] demonstrated that the clip-on-wrapping method can be used to fix an
aneurysm neck avulsion where the cracked area can't be closed. Although clipping is an effective
option for ruptured aneurysms, nevertheless, it is subject to specific limitations about the aneurysm's
location, size, and shape [25, 35].
In the treatment of an intracranial aneurysm, the coiling procedure is considered to be a major
and customary alternative. But Coil displacement represents a significant complication associated
with embolization procedures. It may lead to infarcts associated with asymptomatic strokes in less
severe instances, whereas in severe cases, it could obstruct major branches, leading to extensive
territory damage [24].To implement the stent method,Qiu et al.[25]demonstrated that the use of an
HPM stent can reduce the velocity, pressure, wall shear stress, and energy loss of blood flow within
the aneurysm by 30-40%. However, complications such as stent displacement and migration,
thrombosis, vascular damage, and in-stent restenosis may render its use inappropriate[24].Moreover, a
flow diverter stent is unsuitable for bifurcation aneurysms, such as basilar tip aneurysms, due to the
potential for ischemia problems or thrombosis in the obstructed side branches associated with flow-
diverting procedures[33].Under these conditions, bypass techniques such as extracranial-intracranial
(EC-IC) or intracranial-intracranial (IC-IC) are used to fix basilar tip aneurysms[24, 26, 35, 36].In a
study using a model of an idealized basilar tip aneurysm, Kursun et al. [26] examined flow velocity,
pressure, and wall shear stress (WSS), demonstrating that pressure and WSS can be lowered by 40-
70% at the aneurysm wall using a bypass approach. However, their model lacked key arteries, such as
the superior cerebral arteries. They also used a patient-specific velocity profile from Qiu et al.[25], but
they failed to integrate it into their velocity profile equation. The present study addressed and resolved
these issues.

This work used a computational fluid dynamics (CFD) system to assess the influence of the bypass
graft on a simplified model of a basilar tip aneurysm. The novelty of this work lies in its ability to
bypass both the superior cerebral arteries and the posterior cerebral arteries, which originate from the
basilar artery, while treating blood as pulsatile and non-Newtonian.The finite volume method (FVM)
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was employed for numerical computation, and the Carreau-Yasuda model was utilized for non-
Newtonian blood viscosity. The impact of bypass graft configurations is analyzed regarding
hemodynamic parameters, including velocity, pressure, and wall shear stress (WSS). This is due to the
fact that these parameters are crucial in the formation, progression, and eventual rupture of
aneurysms. This research aimed to ascertain the appropriate bypass conditions by examining the
hemodynamic indices inside the model and assessing their variations based on the positioning of the
bypass connection and the diameter of the bypass arteries. Also, a comparison between Newtonian
and non-Newtonian fluids was conducted.

2. MATHEMATICAL FORMULATION
2.1 Physical model

Figure 1 shows the geometrical model of the desired simulation. Several models were considered to
simulate a simplified cerebral aneurysm condition with complete bypass treatment. These idealized
models were simplified from the patient-specific model studied by Appanaboyina et al. [37], which is
shown in Figure 1(c). For these studies, a spherical aneurysm with a diameter of D=8 mm was placed
on the junction of the right posterior cerebral artery (RPCA), the left posterior cerebral artery (LPCA),
and the basilar artery (BA). Figure 1(a) depicts the model prior of bypass surgery consisting of RPCA,
LPCA, BA, right superior cerebral artery (RSCA), and left superior cerebral artery (LSCA).

D +——aneurysm
[€====>] E====== E Lo
P1 .Pz A‘ ———— ?\ \
‘P, LPcy ! RPCA
A---B Liay
1
[EN
LSCA AL
Ls RB RSCA
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(a) (b)

(c)
Figure 1. Physical geometry model: (a) without bypass artery; (b) with bypass artery; (c) patient
specific model.

Also, Figure 1(b) shows the model with a complete bypass graft. For this model, the diameters of
RPCA, LPCA, and BA is 4mm and the diameters of RSCA and LSCA is 3mm were taken.
Furthermore, the RPCA, LPCA, and BA lengths are 30 mm; on the other hand, the lengths of RSCA
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and LSCA were considered 20 mm. For the bypass cases, the anastomotic angle was chosen at nearly
45°. To analyze the flow phenomena, two pathways was considered with namely, AB:
-2mmé£ x£ 2mm,y=- 6mm,z= Omm, andEF:- 4mm£ x£ 4mm,y= 4mm,z= Omm
, and several points were chosen on the coronal plane which are:P(0, 3.5, 0) placed on aneurysm,
Py(5, 1.5, 0) placed on PCA, P3(5, -3, 0) placed on SCA. Furthermore, several simulations were
conducted for various diameters of the bypass arteries (RB: right bypass, LB: left bypass) and several
locations were chosen on RPCA, LPCA, RSCA, LSCA, and BA to perform the surgery, which is
given in Table 1.

Table 1:The different values of different cases that are considered during numerical study

Cases Length on BA, Length on PCA, Diameter of bypass
Lpa(mm) Lpa(mm) arteries, d (mm)

Case 1 15 10 2.5

Case 2 20 16 2.5

Case 3 15 10 3

Case 4 20 16 3

2.2 Governing equations

The continuity and the momentum (Navier-Stokes) equations that represents the laminar blood flow in
a cerebral artery with a bypass graft written as follows:
Continuity equation:

9P LT (pF)=0 (1)

ot

Momentum equation:

p(%lm.wj:ﬁmﬁ%pg @
t

Where p is the blood density, ¥ is the velocity vector, t is the time, p is the pressure and for the 7jis

the fluid viscosity.For the non-Newtonian blood flow, the viscosity of fluid is dependent onthe shear
rate () andCarreau-Yasuda model was used for these studies and the viscosity, 7defined as follows:

o) =msia-n 12 | o

Here, the zero shear viscosity, 7}, =0.16Pa.s, the infinite shear viscosity, 770020-003513 a.s,the
characteristic relaxation time, A = 8.2 s, power law index,n=0.2128,and the Yasuda exponent,
a=1.23.

2.3 Initial and Boundary conditions

For these numerical studies, the blood flow considered as laminar and incompressible with density

3 . . .
p =1060 kg / m and dynamic viscosity,7 = 0.0035 Pa.swas used for a Newtonian blood flow.
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Figure 2: Theinlet velocity profile.

For non-Newtonian blood flow, Carreau-Yasuda model was used taken from the previous study [38]
and defined in equation (3). In the inlet of the geometrises, the pulse inlet velocity condition with
heart rate 75 beats per minute was used which is the time dependent function. A single cycle was used
for the numerical simulation taken from the previous study[25, 26]. In Figure 2, the inlet velocity is
shown, and equation (4) described the inlet velocity which is defined as the summation of sine

functions.
The inlet velocity equation is:
v(t) = ial. sin(bt +c,) 4)
i=1
a, bl- ,and C; are the parameters of this equation and values of these parametersare given in Table
2.
Table 2.values of the parameters of inlet velocity.
a, b, c,

0.2812 2.5275 0.8069

0.0770 11.5965 -0.4339

0.0403 17.3407 -0.2073

0.0218 29.4373 -2.8273

0.0323 38.1356 -4.5358

0.0317 40.3051 3.4551

0.0052 55.1373 3.4653

The velocity of the arteries wall, v(¢) = 0 and initially the gauge pressure of the outletwas set to zero.

3. NUMERICAL PROCEDURE WITH VALIDATION AND GRID TEST

The continuity, momentum and associated boundary conditions were numerically simulated using the
Finite Volume Method (FVM) in this study,. To describe the blood flow phenomenon within the
model, all computational methods were implemented utilizing Ansys Fluent software. The SIMPLE
scheme method was used for pressure-velocity coupling. On the other hand, the Second-Order spatial
discretization method was used for pressure, and the Second Order Upwind was used for Momentum.
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After the grid independence test which is shown in Figure 3(c-d), an unstructured tetrahedral grid was
used in the geometrical domain. In the bifurcation area, grid sizes of 0.1 mm and 0.2 mm were set in
the otherdomain area.Number of elements was chosen nearly 900k. For the solution, a time step size
0f 0.0001 s was used during calculations. The convergence tolerance was set at 1x10~° to assure the
accuracy of the solutions, and equation (5) was used to ensure the criteria.

£ (0.0.)-C,(p.q.7)

m+l

| ()

Where ¢ is any variable, m+1, and m are two consecutive iterations, andp, g, rare the grid locations

<1x107 )

at the directions of x, y, and z axes respectively.
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Figure 3. Comparison: Wall Shear Stress (WSS) at the peak of the systolic phase. (a) present results

and (b) former patient specific study.Grid independence test: (c¢) pressure profiles for different
number of elements at aneurysm wall; (d) structure of mesh.

Figure 3(a-b) illustrates the comparison of WSS distribution between the current study and the prior
research conducted by Appanaboyina et al.[37].The distribution of WSS exhibits the same pattern in
both investigations, with larger values observed in close proximity to the aneurysm. Due to structural
differences between the idealized model and the actual basilar tip aneurysm, the two sets of data are
not identical. After careful consideration, it was determined that the patient-specific model and the
idealized model that had been developed for numerical analysis were in agreement.
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4. RESULTS

The impact of the hemodynamic parameters on comparison of Newtonian and Non-Newtonian blood
flow, different hemodynamic factors, pressure, velocity profiles and wall shear stress (WSS) at the
peak of the systolic and diastolic phase have been discussed graphically in the figs. 4 — 12. The
findings of this research work demonstrate variations in flow phenomena during cerebral aneurysms
at the basilar tip, both with and without bypass surgery. The analysis follows below:
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Figure 4.comparison of Newtonian and Non-Newtonian blood flow for several cases at line AB
before the bypass.

Figure 4(a) illustrates the variations in velocity along line AB, accounting for blood viscosity as both
Newtonian and non-Newtonian at the peak of the systolic phase (0.145 s). Conversely, Figure 4(b)
depicts the velocity alterations at the end of the diastolic phase (0.8 s), also considering blood as
Newtonian and non-Newtonian. Likewise, Figure 4(c) illustrates the pressure profile at the highest
point of the systolic phase, whereas Figure 4(d) depicts the pressure at the end of the diastolic period.
In scenario 4(a), the maximum velocity for the Newtonian fluid is 0.64592 m/s, whereas for the non-
Newtonian fluid, it is 0.643825 m/s. Additionally, in scenario 4(b), the velocity of non-Newtonian
blood flow decreases to 0.953% of the maximum Newtonian blood flow (0.334 m/s).In case 4(c), non-
Newtonian blood pressure increased around ~6.356% relative to Newtonian blood pressure, but in
case 4(d), the increase was approximately 12.859%.
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Figure 5.View of different hemodynamic factors into the model before the bypass surgery.
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There are several hemodynamic parameters that are depicted in Figure 5. These include 5(a) the
magnitude of the velocity on the coronal plane, 5(c) the pressure, and 5(e) the wall shear stress
profiles on the artery walls during the peak time of the systolic phase (0.145s). On the other hand, the
profiles of velocity, pressure, and wall shear stress at the conclusion of the diastolic phase (0.8s) are
described by equations 5(b), 5(d), and 5(f). It has been discovered that the vast majority of the
velocity magnitude distribution is located in the middle of the basilar artery, as shown in Figures 5(a-
b). According to figure 5(a), the velocity at positionsP,, P,, andPsare approximately 0.466 m/s, 0.271
m/s, and 0.172 m/s, respectively. Additionally, the mass flow rate at the PCA exit is around 2.107 g/s,
while at the SCA outlet, it is approximately 0.7105 g/s. In the case of 5(b), it has been determined that
the velocities at positionsP;, P, andPsare approximately 0.234 m/s, 0.125 m/s, and 0.081 m/s,
respectively. The mass flow rate at the PCA outlet is around 0.969 g/s, while at the SCA outlet, it is
approximately 0.214 g/s.InFigure 5(c), the maximum pressure at the aneurysm wall is ~135.98 Pa, at
the PCA wall is ~89.93 Pa, and at the SCA wall is ~56.02 Pa. In section 5(d), the maximum pressures
at the aneurysm walls, PCA, and SCA are approximately 22.59 Pa, 12.45 Pa, and 0.21 Pa,
respectively. In scenario 5(e), the maximal Wall Shear Stress (WSS) along the walls of the aneurysm,
PCA, and SCA are approximately 19.11 Pa, 20.33 Pa, and 14.91 Pa, respectively. The maximal wall
shear stress (WSS) at the walls of the aneurysm, PCA, and SCA are~5.96 Pa, ~8.31 Pa, and ~5.85 Pa,
respectively, for the case of 5(f).
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Figure 6. Comparison of hemodynamic parameters for several situations with and without bypass
during a cardiac cycle: (a-b) velocity along line EF; (c-d) pressure at the aneurysmal wall; (e-f) wall
shear stress (WSS) at the aneurysmal wall.

Figure6(a-b) illustrates the comparison of averaged velocity along line EF for various bypass cases
outlined in Table 1, as well as prior to the bypass during a cardiac cycle. In cases 1 to 4, the maximum
average velocity was reduced by roughly 22.467%, 33.701%, 34.802%, and 44.934%, respectively, in
comparison to the scenario without a bypass. Figure 6(c-d) similarly illustrates the contrast of average
pressure at the aneurysm wall. In cases 1 to 4, the highest average pressure was reduced to roughly
26.139%, 30.448%, 33.332%, and 37.979%, respectively, in comparison to the scenario without a
bypass. Figure 6(e-f) presents a comparison of the average wall shear stress (WSS) at the aneurysm
wall. The results indicate that, in comparison to the scenario without bypass, the maximum average
wall shear stress decreased by approximately 35.179%, 46.457%, 27.869%, and 56.662% for cases 1

through 4, respectively.
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Figure 7.Contours of pressure profiles at the peak of the systolic phase (0.145 s) for case 1 to case
4, as defined in Table 1.

Figure 7(a-d) depicts the artery wall’s pressure at the apex of the systolic phase across several
geometrical models. Figures7(a) and 7(b) correspond to cases 1 and 2, featuring a bypass artery
diameter of 2.5 mm with lengths Ly,of 15 mm and 20 mm, respectively; Figures 7(c) and 7(d)
represent cases 3 and 4, with a bypass artery diameter of 3 mm and lengths Ly,0f 15 mm and 20 mm,
respectively. From these cases, it reveals that higher pressures are distributed on the aneurysm wall.In
cases 1 to 4, the maximum pressures at the aneurysm wall diminished to approximately 31.92%,
37.37%, 36.76%, and 45.96% relative to the without-bypass model. Correspondingly, at the PCA
artery wall, the peak pressures reduced by approximately 29.61%, 31.88%, 32.66%, and 33.70%,
respectively. Additionally, at the SCA wall, peak pressure reduced by nearly 12.82%, 14.55%,
14.08%, and 14.33% for cases 1 to 4, respectively.
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Figure 8. Pressure profile contours at the end of the diastolic phase (0.8 s) for cases 1 through 4, as
delineated in Table 1.

Figure 8(a-d) illustrates the arterial wall’s pressure at the end of the diastolic period across
several geometrical models. Figures 8(a) and 8(b) depict cases 1 and 2, whereas Figures 8(c) and 8(d)
illustrate cases 3 and 4. In cases 1 to 4, peak pressures at the aneurysm wall diminished to
approximately 19.79%, 23.15%, 15.89%, and 30.77%, respectively, in comparison to the model
without bypass. Correspondingly, at the wall of PCA arteries, the pressure diminished by
approximately 39.04%, 43.45%, 46.18%, and 48.35%, respectively. Furthermore, at the SCA wall, the
maximum pressure escalated to approximately 0.48 Pa, 1.32 Pa, 1.62 Pa, and 1.89 Pa for cases 1
through 4, respectively.
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(d)
Figure 9.1llustrations of velocity profiles in the coronal plane for cases 1 to 4 at the apex/peak of the
systolic phase (0.145 s), respectively.

Figure 9(a-d) demonstrates the velocity in the coronal plane at the peak of the systolic phase
across various geometric models. Figures 9(a) and 9(b) represent cases 1 and 2, whereas Figures 9(c)
and 9(d) exemplify cases 3 and 4, as delineated in Table 1.From the contours of these scenarios, it is
seen that the velocity significantly reduced in the aneurysm and the regions of PCA and SCA that are
adjacent to the aneurysm due to the bypass graft. In scenarios/cases 1 to 4, the velocity at point P;
decreased to roughly 80.78%, 85.85%, 86.02%, and 92.91%, respectively, relative to the model
without bypass. At point P2, the velocity decreased by roughly 14.31%, 22.04%, 17.27%, and 33.69%,
respectively.Additionally, at point P3;, the velocity decreased by approximately 55.91%, 40.65%,
62.20%, and 33.69% for scenarios 1 through 4, respectively. The mass flow rate at the PCA outlet
decreased by ~14.89%, ~32.36%, ~16.28%, and ~20.11% for the relevant cases relative to the
without-bypass model. Conversely, at the SCA outlet, the mass flow rate expanded by ~42.35%,
~91.88%, ~86.29%, and ~57.13% for the corresponding scenarios analyzed in this study.
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(c) (d)
Figure 10.[1lustrations of velocity profiles in the coronal plane for cases 1 to 4 at the end of the
diastolic phase (0.8 s), respectively.

Figure 10(a-d) illustrates the velocity in the coronal plane at the conclusion/end of the diastolic
phase across several geometric models. Figures 10(a) and 10(b) illustrate cases 1 and 2, whereas
Figures 10(c) and 10(d) depict cases 3 and 4, as specified in Table 1. The analysis of these scenarios
reveals a substantial reduction in velocity within the aneurysm and the neighboring regions of the
PCA and SCA as a result of the bypass graft. In scenarios 1 to 4, the velocity at point P; diminished to
approximately 13.86%, 21.01%, 26.19%, and 25.50%, respectively, compared to the model without
bypass. At point P,, the velocity diminished by approximately 5.83%, 11.26%, 7.74%, and 15.97%,
respectively. Furthermore, at point P3, the velocity diminished by roughly 66.71%, 53.04%, 76.52%,
and 64.59% for scenarios 1 through 4 respectively. The mass flow rate at the PCA outlet diminished
by approximately 9.66%, 10.99%, 10.89%, and 13.78% for the pertinent cases compared to the model
without bypass. In contrast, at the SCA outlet, the mass flow rate increased by approximately
45.05%, 52.65%, 50.76%, and 65.20% for the respective scenarios examined in this study.

(2)

WSS(Pa) 0 1 2 3 4 5 6 7 8 9 10
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(d)
Figure 11.Wall Shear Stress (WSS) contours at the apex of the systolic phase (0.145 s) for cases 1
to 4, as specified in Table 1.

Figure 11(a-d) depicts the wall shear stress (WSS) of the artery wall at the apex of the systolic phase
across several geometric models. Figures 11(a) and 11(b) represent cases 1 and 2, while Figures 11(c)
and 11(d) exemplify cases 3 and 4. The analysis of these scenarios reveals that the WSS markedly
diminished in the aneurysm and the neighboring PCA and SCA regions as a result of the bypass graft.
Conversely, extensive WSS is observed at the intersection of bypass arteries and the basilar artery. In
cases 1, 2, and 4, the maximum wall shear stress (WSS) at the aneurysm wall decreased to roughly
6.49%, 27.32%, and 48.56%, respectively, however in case 3, WSS emerged by 0.47% compared to
the model without bypass. Consequently, at the PCA artery wall, the maximum WSS decreased by
approximately 15.15%, 32.88%, 20.85%, and 55.88%, respectively. Furthermore, at the SCA wall, the
peak WSS was diminished by approximately 42.59%, 21.19%, 34.67%, and 36.75% for cases 1
through 4, respectively.

(a) (b)

WSS(Pa) 0 1 2 3 4 5 6 7 8 9 10
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(©) (d)
Figure 12. Illustrations of Wall Shear Stress (WSS) at the end of the diastolic phase (0.8 s) for cases
1 to 4, as specified in Table 1.

The wall shear stress (WSS) of the arterial wall at the end of the diastolic phase is depicted in Figure
12(a-d), which illustrates the results of various geometric models. The first and second cases are
depicted in Figures 12(a) and 12(b), respectively, while Cases 3 and 4 are illustrated in Figures 12(c)
and 12(d). After doing an examination of these scenarios, it was discovered that the WSS had
significantly decreased in the aneurysm as well as in the nearby PCA and SCA regions as a
consequence of the bypass graft. On the other hand, substantial WSS is seen at the point where the
basilar artery and the bypass arteries have reached their intersection. When compared to the model
that did not include a bypass, the maximum wall shear stress (WSS) at the aneurysm wall dropped to
approximately 25%, 26.85%, 11.24%, and 37.92%, respectively, in cases 1 through 4. Because of this,
the maximum WSS fell by roughly 10.24%, 13.86%, 7.35%, and 25.54%, respectively, at the wall of
the PCA artery. Furthermore, the peak WSS at the SCA wall was reduced by approximately 57.69%,
47.19%, 54.88%, and 59.08% for cases 1 through 4, respectively.

5. DISCUSSION

Early detection and treatment are crucial for cerebral aneurysms because of the high death rates
associated with these diseases. These aneurysms can be treated surgically using a variety of
techniques, including clipping, wrapping and clipping, coil embolization, high-porosity mesh (HPM)
stents, and bypass procedures[24-31].Researchers, Feng et al. [34] showed that while other methods
of fixing aneurysm neck avulsion failed, the clip-on-wrapping technique was effective. There are
some restrictions regarding the location, size, and shape of the aneurysm that must be met in order for
clipping to be an effective choice for ruptured aneurysms [25, 35]. The coiling operation is a common
and significant alternative to other methods used to treat cerebral aneurysms. Nevertheless, coil
displacement is a major risk factor for embolization treatments. In mild situations, it can cause
infarcts that cause asymptomatic strokes; in extreme cases, it can block key branches and cause
substantial damage to region [24]. Using an HPM stent can decrease blood flow velocity, pressure,
wall shear stress, and energy loss within the aneurysm by 30-40%, according to Qiu et al. [25], who
used the stent approach. The potential for problems such thrombosis, vascular injury, in-stent
restenosis, stent displacement and migration, and other similar issues makes its usage questionable
[24].In these circumstances, bypass procedures such extracranial-intracranial (EC-IC) or intracranial-

VOL 56 : ISSUE 11 - 2025 PAGE NO: 79



JZU NATURAL SCIENCE || ISSN : 1671-6841 https://naturalscience.fyi/

intracranial (IC-IC) are employed to address basilar tip aneurysms [24, 26, 35, 36]. In a study
utilizing a model of an idealized basilar tip aneurysm, Kursun et al. [26] investigated flow velocity,
pressure, and wall shear stress (WSS), revealing that pressure and WSS can be reduced by 40-70% at
the aneurysm wall through a bypass technique. Nonetheless, their model possesses certain
limitations, which were stated in the introductory section, and the current study has addressed and
rectified those shortcomings.

Nevertheless, this study utilized numerical methods to examine the impact of bypass vessel geometry
and position of the bypass link on the aneurysm wall's pressure and shear stresses as well as the
velocity within the aneurysm. Accordingly, utilizing clinical data particular to individual patients [37],
this idealized basilar tip aneurysm model was developed. Despite structural differences between real
and ideal basilar tip cerebral aneurysms, model validation revealed very similar shear stress values on
the aneurysm wall.

6. CONCLUSION

The present study investigated the flow characteristics inside a three-dimensional computational
model of basilar tip aneurysm with and without complete bypass graft. A transient, laminar, single
phase fluid flow model was adopted for this study, and Finite Volume method was used to solve the
governing equations. Key findings of pressure for the studied cases at the peak of the systolic phase
that emerged from this computer simulation includes:

e For case 1, averaged pressure, averaged WSS reduced by26.139%, 35.179%at the
aneurysm wall, and velocity magnitude reduced by 80.78% at the point P; in the
aneurysm, while along the line EF, average velocity dropped to 22.467%.

e For case 2, average pressure, averaged WSS reduced by 30.448%, 46.457% at the
aneurysm wall and velocity magnitude reduced by 85.85% at the point P; in the
aneurysm. Also, average velocity reduced to 33.701% along the line EF.

e For case 3, averaged pressure, averaged WSS decreased to~33.332%, ~27.869% at the
aneurysm wall, and velocity magnitude reduced by 36.76% at the point P, in the
aneurysm. Also, averaged velocity decreased by 34.802% along with EF.

e For case 4, averaged pressure, averaged WSSreduced by 37.979%, 56.662% at the
aneurysm wall, and velocity magnitude reduced by 92.91% at the point P, in the
aneurysm. Also, along with EF, averaged velocity dropped to ~44.934%.

e The mass flow rate at the PCA outlet decreased by ~14.89%, ~32.36%, ~16.28%, and
~20.11% for cases 1 to 4 relative to the without-bypass model.

e Conversely, at the SCA outlet, the mass flow rate expanded by ~42.35%, ~91.88%,
~86.29%, and ~57.13% for the corresponding cases analyzed in this study.

By analyzing data, it appears that case 4 is an appropriate choice for bypass surgery, but it needs to be
validated by an in vitro experiment. The current simulation utilizes an idealized aneurysm model;
nonetheless, it is limited by the absence of patient-specific treatment outcomes, which will be
addressed in future modeling explorations. In vitro and ex vivo experimental trials will be considered
in further study plans to achieve successful simulation and experimental outcomes.
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