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Numerical simulation in analysis of hemodynamic changes in intracranial aneurysm with elastic wall

LU Hai-tao' , HUANG Qing-hai', LIU Jian-min'* , CHEN Jia-liang® , WANG Sheng-zhang®
1. Department of Neurosurgery, Changhai Hospital, Second Military Medical University, Shanghai 200433, China
2. Department of Mechanics and Engineering Science, Fudan University, Shanghai 200433, China

[ Abstract] Objective To use numerical simulation for analying hemodynamic changes in intracranial aneurysm with
elastic wall, and to analyze the effect of mechanical properties of the aneurysm wall on the hemodynamic changes. Methods
Based on the DSA images of a patient with multi-intracranial aneurysm, the numerical simulation of the hemodynamics of the
elastic intracinal aneurysm was processed using a software of finite element method of computational fluid dynamics(CFD) and
the computational f{luid-structure interaction analyses. We also investigated the effect of the coupling of hemodynamics and
aneurysm wall movement. Results The morphology of the elastic aneurysm underwent deformation, and the angle between
aneurysm and parent artery also changed, affecting the inflow jet dispersed into the flow field of aneurysm and the distribution
of wall shear stress on the surface of aneurysm. Conclusion The numerical simulation of CFD can directly reflect the
hemodynamic characteristics of aneurysms. More accurate elastic wall aneurysm model is needed to improve the quantitative
analysis of the hemodynamics of intracranial aneurysms.
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Fig 1 3D DSA image of the cerebral aneurysm
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Fig 2 Streamline colored with velocity magnitude of aneurysm
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Fig 3 Comparison of wall shear stress between rigid-wall(A) and elastic-wall(B) aneurysms

a:Dome of L-post communicating aneurysm; b: Dome of C2 aneurysm
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Fig 4 Contours of total deformation in elastic-wall aneurysm
A:Front view; B:Lateral view. Arrow in Fig 4A indicates the most deformed part of aneurysm
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Fig 5 Contours of equivalent stess in elastic-wall aneurysm

A:Front view; B:Lateral view. Arrow in Fig 5B indicates the biggest equivalent stress part of aneurysm
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Fig 6 Hemodynamics of posterior communicating artery aneurysm

A, B:Cutting plane shows the velocity vector; C-F:Comparison of inflow impact in rigid-wall case and elastic-wall case
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