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Evolution of Low Wall-Shear Stress Area in Anterior Communicating Artery
Aneurysm

Yoonhyeok Guk™!, Taeho Kwon', Seongdeuk Mogg*l, Dongmin Kim”,
Jinyul Hwang', Youngoh Bae

Abstract We analyzed the low wall-shear stress area in the intracranial aneurysm that occurred at an
anterior communicating artery with a special emphasis on vortical structures close to the wall. We
reconstructed the aneurysm model from patient CTA data. We assumed blood as an incompressible
Newtonian fluid and treated the blood vessel as a solid wall. The pulsatile boundary condition was
applied at the inlet of the anterior cerebral artery. From the instantaneous flow field, we computed
the histogram of the wall-shear stress over the aneurysm wall and found the low wall-shear stress
event (< 0.4 Pa). This extreme event was due to the low wall-shear stress area that occurred at the
daughter sac. We found that the merging of two vortices induced the low wall-shear stress area; one
arises from the morphological characteristics of the daughter sac, and the other is formed by a jet
flow into the aneurysm sac. The latter approaches the daughter sac, which ultimately leads to the
strong ejection event near the daughter sac.

Key Words : Intracranial aneurysm(*s-5"257), Anterior communicating artery( %] 1°8-52), Computational
fluid dynamics(ZIAHTA <), Vortex(2H7)
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Fig. 1. (a) Intracranial aneurysm and daughter sac.
(b) Anterior cerebral artery and anterior communicating

artery.
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2. Numerical Details
2.1 Computational Modeling
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Fig. 2. (a) Reconstructed AcomA model from the
CTA images. (b) Geometry model of the AcomA
aneurysm for the CFD simulation. (¢) A magnified
view of the aneurysm.
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2.2 Mesh

Fig. 3. (a) Surface mesh for the aneurysm model.
(b) A cross-section plane of the aneurysm model.
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2.3 Governing Equation
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Fig. 4. Flow velocity waveform in the anterior
cerebral artery used as the inlet condition for
CFD. Here, the blue line indicates LACAI and
the red line denotes the RACAL
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Table 1. Reynolds numbers.

ReLACAl ReRACAI
Max 549.55 440.45
Mean 184.12 91.72
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2.5 Numerical Solution
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Fig. 6. Histogram of the wall-shear stress event at
the aneurysm dome.
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Fig. 7. (a) Isocontour of the time averaged WSS
with the magnitude lower than 0.4 Pa. (b)) A sample
cross-section plane passes through the points A, B,
and C. Here, the point A corresponds to the tip
of the daughter sac and the point B corresponds
to the center of the aneurysm neck, and the point
C corresponds to the center of the LACA I .
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