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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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JRWEEES O BN O REMEIZ AT > FZ2FE L, A A L7 K 9512 L7R7Ds & k)
EE2ERTHAT U N TV ANT 7 =27 L L Tneck bridging stent DAL I TW
%, F7-. neck bridging stent & D E/)NZA T MDA T > b T, INEIAREE O 2535
o3 — UINENRBEAN O Mt 2 K& < B E825 2 LIk a2 miefk X825 flow
diverter (neck occlusion stent) 23BH¥E & dv, BAF 72 MEIREAZER NG ST D, —H,
FEAEBEEIT D720 8, flow diverter DEKRZRAPHE L LT delayed rupture B3I HIL TS,
L2>L, delayed rupture & BIRIG ) (WSS) 0% DD AT F15FH) /3T A — & & OESEIZ DN T
O+ RENIIT L TW o, 2 a2 — & ZIE%EF (computer aided design: CAD) %
JHW 7z neck bridging stent OEEEAA T (CFD) fATIX 2 E THATON TV D23, RO
15 flow diverter ZFHL LS & T5 &, LV/NEWH A XOBETFNULELRD, ZODE
FRFMIXERR & 220 | BERISH IR 72 2 ATREMED &V, 2 D X 9 IZHESRIED CFD fifhir % H
W flow diverter &% ORMENREN O AT /1FELE TIET 2 DIZITRA R H - 72,

2. e EM

RMENIRIE OO 1A T /) F 8 A 392 51k & LT CFD IR 0 IK<iThbhd Lk 51tk -
T & 7=, CFD fi#hfr 2 F W - BMENIRIEE (269 2 AT o MR E R CTOIMAT F1HAIZAIC OV T O
HITHAEINDILDOD, ZNHIEFAT LV FDOANT v hE—EE LIZfENT T, AT 2 M E/LDHE
INEEARAZ K B AT IR O WD TR L7235 13 Fe 2 DS L 72FR 0 TIE RS 7= 5720,
CAD Z W= A7 > MERBBLL, R T LR TTiRENTnWbhsarBa—F2HNT
Fex OBEET Y oV TEET B L, flow diverter ®4E 1 BWLL EORE 2 MLEELTSH, L
72035 TEBER THWD DITITFEBFENT, T, EEORT L FORX NT v NELE KBETX
RN Y RIEN L\, —J7. CFD fi#AfT O 7= 72 A 51k & L C. BNRIEN & 5 FLE IR Tl
VTV o IT AN ITERS D, & THRERKEE TD CFD fifHT TORFEAGRE % AR T 5729,
AT NEEE ZAUVEBACTEIEY 5 U 7 L, CRD T4 2 HiEaELR L, AT v hEALD
g/ NEAL 7 ZAUE AR OB FEEAVIZER U, INENRIE N O AT /172 b %2 L 0 ERFIC o
2b—a s TCELIPRETHZEEHNE LT,
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BEEAIRET /VIL, 3%t CT B ER T O - MEFIKE minics innovation suite
16.0, 3-matic 8.0, Magics 17.0(Materialise Japan. Yokohama. Japan) Z FHV>, 1mm i oD IfiL.
BEORN) IV T EAL—T U T E T o771  stereolithography (STL) 7 7 A WIZEHL LU H T L
7o WIT 3-matic 8.0 & HWNTHHENARIEHIBRE T L 2 1ERK L7, JEPAD AT & DESZ /NS
T 572D, BB HHEE B O Mg TR %2 3% K S+, Boolean (2 2> T 3D neck %
TERE L. 2z 2%E/ s L7=, 4 al% Enterprise VRD(Johnson & Johnson Codman, Miami. FL,
USA) DFREN 6T D EAHEA TH S 0. 064mm % particle diameter &9 2 ERKKI TR T
v NEEAER LT, FD728 3D neck % 0. 064mm T offset L, 3D stent domain (3DSD) & &
#L, ZAEBAL LTKEY T Y 2 LT, STL 7 7 A /L% ANSYS ICEM CFD16.1 (Ansys
Inc., Canonsburg, PA, USA)IZHXV iAZx, #& 1A AER L7z, #5113 3DSD LIS DEBAL TITHAK
0. Imm, %% K 0. 6mm O 4 FARTIERL L, 3DSD TIXZFLEBEAD particle diameter LT & 725 &
912 0. 05mm D 4 [FROK T2 e, #T1 £ 5 LoBitakET 272012, 3DSD LIS L E TR
DFEMENZIE 6 JEO 5 HifRZE L, 3DSD (2% 5 i, BHERE 3 o b a2 iE Lz, BdiY
7Y 7 fEMT. AIERABICIE ANSYS CFX 16. 1 (Ansys Inc. . Canonsburg, PA, USA) Z{fH L7,
MRV L 1056kg/m®, AkME3 0. 0035Pas & RAE L7z, Time step [% 0. 0001sec T, HAIXHHH
e Ly AZIEH2ICRZE L ERERET 720, BiEfEOZNERICL CCER L, I
MmEIINHEEIROME S B mass flow waveform Z S lE IS U CRESIEICETE L, FEE M
WraEiT o7, BEBULITARINHRE T, BEB L ONESHEOREIT 107 £ TR E L1z, MikiXIE
JEfEtE = — b it e L, @0 Feo-X h—27 A FRAUNED EIRE LTz, HREAT
Vov=divv=0

@+(v-V)v=—le+EVv2+F
ot p P
T, v ITMEGEE, piXES), o I XMEOBE, p 1Tk, F sz R,

AT NEE% O CFD fEHTIZ A T » MEERTOME K Z v, A7 > MLk % Darcy
OIERNZ TSN Z AU IR IR C 5% E L Te, SAUE ARSI AN R O E )3 J1 & D20 &
VIZE D, 0=-Vp-Kv EEEIND, Z0OLE K TBELBRETEZILEEROEIIZ R L,
K=al|+B EFEEND, BRI o & B IR T-35ED DN LA EBURDE IR Z KD 5720
Ergun OFRUZ X - THE S,
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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 &,

VCR
"~ 100

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,

TEHEFHI N T A — 2 3B L, BIRIEN O WSS, WSS BT /1M F A —% | 3 koL
EREI AR XY ROVEEEE N T A — & BN O FEEE (flow velocity: FV) {22\ T,
VCR DAL & OBIRNE 2 FEAl L 7=,

K=1
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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, x107%Pa’

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 lIZB W T AL L=t D%
/~9 (Fig. 1, Fig.2), VCRO.50 TI% 3DSD Z i L Tl A LIRWER T3 R T & 72,
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Fig. 1

WSS (A), 3D streamline (B), OSI (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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