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Effect of numerical simulation of vascular wall thickness on fluid-structure interaction
analysis of complex intracranial aneurysms

Liu Bo, Li Zhi-wei (Department of Neurology, Yongchuan Hospital, Chongging Medical University,
Chonggqing 402160, China)

Abstract

BACKGROUND: Intracranial aneurysms have a high mortality, and finite element analysis to predict fracture risk
has become a hot topic at present. Finite element analysis requires reliable fluid-structure interaction model,
blood model of aneurysm is very easy to obtain, but the vascular wall model can not be obtained directly, only by
artificial settings, which may have an impact on calculation results.

OBJECTIVE: To investigate the effects of vascular wall thickness on fluid-structure interaction analysis in finite
element modeling of complex intracranial aneurysms, and provide a more reliable method of finite element
modeling for the numerical simulation study of intracranial aneurysms.

METHODS: A three-dimensional numerical model of tandem left intracranial internal carotid artery aneurysms of
a 67-year-old man was obtained by three-dimensional angiography. Four fluid-structure models were got
postoperatively by thickening vascular wall, which were artificially set for 0.3 mm, 0.4 mm, 0.5 mm, 0.6 mm.
According to intraoperative measured data, dynamic characteristics of fluid-structure interaction of tandem
internal carotid artery aneurysms were simulated by the finite element method, comparing four models to
calculate the difference between the results.

RESULTS AND CONCLUSION: Among the four models, there were no difference in blood flow chart, blood
pressure drop chart and wall shear stress chart (P > 0.05). The deformation of the vascular wall was the most
obvious in C, segment of the internal carotid artery, and the thicker vessel wall was accompanied by the more
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apparent deformation (P < 0.01). Von Mises stress in the vessel wall of the four models reached a local maximum in the |
and J points, the thinner vessel wall was accompanied by the larger local maximum (P < 0.01). The settings of vascular
well may affect the fluid-structure interaction analysis of complex intracranial aneurysms and appropriate thickness

settings will obtain accurate calculation.

Subject headings: blood vessels; aneurysm; hemodynamics; finite element analysis
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Figure 1 Results of cerebral angiography and three-dimensional original image of left internal carotid artery and its branches
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Figure 2 Model of tandem internal carotid artery aneurysms
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Figure 3 Flow patterns of 0.4 mm model of tandem internal carotid artery aneurysms
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Figure 4 Blood pressure drop diagram, vascular wall deformation diagram and vascular wall Von Mises stress distribution pattern of 0.4 mm
model of tandem internal carotid artery aneurysms at 0.19 second
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Figure 5 Wall shear stress of 0.4 mm model of tandem internal carotid artery aneurysms
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Table 4 Inlet and outlet’s pressure corresponding to several
typical moments in a cardiac cycle in 0.4 mm model (n=10, kPa)
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