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Hemodynamic changes in aneurysmal dome after placing intracranial stents:
Computational fluid dynamics (CFD) analysis using porous media modeling

Tsuji, Masanori
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Placing a neck bridging stent or a flow diverter has enabled the
endovascular treatment for a wide-necked cerebral aneurysm by changes in intra-aneurysmal local
hemodynamics. The aim of this study was to investigate the hemodynamic changes after placing
intracranial stents using computational fluid dynamics (CFD) with porous media modeling. The
patient-specific geometry models of unruptured aneurysms were acquired by using three-dimensional
(3D) computed tomographic angiography. As volume coverage ratio (VCR) increased, wall shear stress
and flow velocity at dome decreased, and relative residence time increased, indicating the induction

of stagnant and disturbed blood flow. Oscillatory shear and oscillatory velocity indices in small
and medium-sized aneurysms peaked at VCR0.30 or 0.20 and then decreased, while those in a large
aneurysm re-increased at VCRO.5. CFD may be useful to determine the therapeutic strategy for
endovascular neurosurgeons.
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LEREIND, p IR TEET, 26 p 1% Enterprise VRD DO EMRBIIKTHEMERTH D
0.064mm &35, FHMRE V) HEBTEEIETLAT Y RILTOAT Y MCAWLN LT,
LW —H v ¥ A7 ToHD Enterprise VRD IZIT AL Z2HETIEIH D, LrL, THUCEDD
B2 W CE R o oA RN EEMICERE E W) HREZ MR Lz, ¢ IXZ2BEEC, 3DSD
PIZE D AT MEFEEL % volume coverage ratio (VCR) & EFd 5D &,
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LB, ZHVETOMIETIL Enterprise VRD & Pipeline Embolization Device @ VCR IZZ##1
Fi 0.10, 0.30 LAEEINTWASD T, VCR & 0(VCRO. 00) 226 0. 1 FoZfb &8, BLERERIS
AENTW5D flow diverter @ VCR % #8 z 7-fiElik (VCRO. 50) F TZMb & W 7-BE D/ FR AT /)51
INT A —H e IETEF IR TR DT,
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Morphological parameters Case 1 Case 2 Case 3
Aneurysm Depth, mm 3.78 7. 26 14. 36
Projection Length, mm 3.91 7.48 14. 63
Maximum Size, mm 5.19 9.32 20. 58
Neck Width, mm 3. 58 6. 05 14. 29
Parent Artery Diameter, mm 3.71 3. 34 3.50
Aspect Ratio 1. 06 1. 20 1. 00
Projection Ratio 1. 09 1.24 1. 02
Size Ratio 1. 40 2.79 5. 87
Neck Area, cm’ 0.11 0. 30 1. 40
Dome Area, cm’ 0. 50 1.94 8.73
Dome Volume, cm?® 0.04 0. 30 2. 87
VOR, mm 3.74 9.90 20. 55

VOR indicates Volume—to—ostium area ratio.

MAT S0/ 8T A —& Tl 3 FEFIA T T VCR DALV WSS & FVITE T L, BN o 9
S A RT relative residence time (RRT) IZHEIN L 7=, WSS X727 KL & FV X7 kL ORFREIKE
MRS XEERT/NT A —HF T 5 oscillatory shear index (0SI) & oscillatory velocity
index (OVI){X. Case 1 TIXVCR 0.30, Case 2 TIXVCR 0.20 &t —27 L L, D%, IKFL
77e —J7. K% (Case 3) DERAEZD 0ST & OVI |Z VCRO. 20 TE—7Z & 725 7=%% ., VCRO. 40 * TIK
T L. VCRO.50 TN LT,

VCRO. 00 VCRO. 10 VCRO. 20 VCRO. 30 VCRO. 40 VCRO. 50

WSS, Pa
Case 1 4. 555 1. 641 0.413 0.127 0. 048 0.024
Case 2 1. 082 0. 441 0.070 0.013 0. 004 0. 002
Case 3 2.944 1.516 0.292 0. 033 0. 006 0. 002
FV, m/sec
Case 1 0.197 0. 092 0.029 0.011 0. 004 0. 002
Case 2 0.077 0. 044 0.013 0. 003 0. 001 0.001
Case 3 0.133 0. 095 0. 042 0.011 0. 003 0.001
0SI
Case 1 0. 002 0.017 0.018 0. 020 0.016 0. 008
Case 2 0. 005 0.015 0.029 0.019 0.011 0.010
Case 3 0.014 0.019 0. 042 0. 040 0.018 0. 038
ovI
Case 1 0. 002 0. 009 0. 008 0.010 0. 008 0. 004
Case 2 0. 006 0.013 0. 023 0. 009 0. 004 0. 004

Case 3 0. 031 0. 036 0. 045 0.033 0.011 0.017



RRT, x1072Pa’

Case 1 0. 003 0.013 0. 068 0.219 0. 741 1. 667
Case 2 0.013 0. 036 0. 259 1.531 5. 256 11. 010
Case 3 0. 009 0.016 0. 087 0.627 2.700 7.917

WSS indicates wall shear stress; FV, flow velocity; OSI, oscillatory shear index;
OVI, oscillatory velocity index, and RRT; relative residence time.

Case 3 D WSS, 3 WItiiAt. 0SI, OVI & RRT % VCRO. 00 & VCRO.50 IZB W T AL L=t D%
/~9 (Fig. 1, Fig.2), VCRO.50 TI% 3DSD Z i L Tl A LARWER T3 R T & 72,
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Fig. 1

WSS (A), 3D streamline (B), O0SI (C), OVI (D), and RRT (E) of representative large
internal cerebral artery aneurysm (Case 3) with the volume coverage ratio of 0.00.

Fig. 2

WSS (A), 3D streamline (B), 0SI (C), OVI (D), and RRT (E) of representative large
internal cerebral artery aneurysm (Case 3) with the volume coverage ratio of 0.50.
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