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Cerebral aneurysms are dangerous bulges in the walls of brain arteries that can
lead to life-threatening hemorrhagic stroke if ruptured. Predicting their behavior
and identifying high-risk regions through hemodynamic analysis is crucial in
early diagnosis and-therapeutic planning. In this study, blood flow within a
saccular aneurysm located on the basilar artery of the Circle of Willis is
numerically“investigated using computational fluid dynamics (CFD). The
geometry is modeled based on standard anatomical data from previous studies,
and blood is considered as an incompressible, non-Newtonian, transient, and
laminar fluid. Inlet boundary conditions are defined according to a realistic
cardiac/cycle, discretized into five key systole phases. The results present
detailed distributions of velocity, pressure, and wall shear stress (WSS) fields
within the aneurysm and parent artery throughout the cardiac cycle. Findings
indicate that during systole, strong vortex formation occurs inside the aneurysm
sac, leading to blood stasis. Approximately 16% of the incoming flow remains
trapped within the aneurysm by the end of the third cycle. Moreover, wall shear
stress significantly decreases in specific regions—particularly near the
aneurysm dome—creating conditions conducive to thrombus formation and
endothelial dysfunction, which may accelerate wall degeneration. Pressure
fluctuations inside the aneurysm are also considerable, especially during peak
systole, increasing the risk of rupture. These results highlight the critical
influence of hemodynamic factors on aneurysm stability and rupture potential.
The insights gained from this study can assist clinicians and biomedical
engineers in better risk assessment and in planning precise therapeutic
interventions, such as stent placement or coil embolization, by identifying
vulnerable zones within the aneurysm.
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3 Extra-Cellular Matrix (ECM)
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9 Aneurysm Height
10 Bottle Neck Factor
\Wall Shear Stress (WSS)

12 Oscillatory Shear Index (OSI)
13 Low Wall Shear Stress Area (LSA)
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4 Perfusion of the cells
® Morphology

¢ Hemodynamic

7 Aspect Ratio

8 Size Ratio
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