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1 PN 30 Bk 988 (intracranial aneurysm, IA ) J2& /i [N
LA R YR 583 350 3 B R L S %) L AE9R8 o B
PR M AR (MRA) A1 CT 48 515 (CTA ) S5 4G4
YRt B O A T3 3 L TA R A R AT 4R
it S B4 W P 30 Bk 98 (unruptured intracranial
aneurysms, UIAs) (254 B HRL R 3.2% 2, — T3
BT B AL DCONTE RS T A 7 R W, 7 35 ~ 75 %
NHE il ik MRA £ ULAs 1 HE36 508 7% , Horp
Lotk T B R k248N 3 Ik ( ruptured
intracranial aneurysms, RIAs) &2 %k B & T 5 4 i
(SAH) S UL, 24915 85% ', I 1 8008 L
FRACTT 1L 50% ° o [ R oA 1 24 15 B kR A 5
(ISUIA) iy T I8 92 45 1 R, ULAs ARl R 32
0.95% , H. 1A B R AR BR824 RS s
I, SRS Y TA JEVPAN LB SR X RS A5 0 S B
BET I, AR X TA G S XU PPAG 5 I B 2457
HOR KO XA AR AT BB DN, IF J1 SR e s &
AR 2RO IR S R TA 191297

— FERHIIT Ik

L J8 M AL A5 7 1 B #R R R 7
BE Be 2R AR T L SR, v [ B I P 2 b 22
I AN 2 51 25 v [ 5 o8 3l kg TR iR 2 B B 9
B R TAME ST AR $8 R T T AT 2022 429 A
A 30,2023 4 12 H &R

2. 48 TAEH B AR M AL Kb 209 X
SN, T EA I R S R 22 30 A B2 2R R I 22 2
BHEFIGEHIT, 43 =B Be xS 48 1 A5 3047 1 43
BB,

BBt B AII R L R RIS FE WIS
K2 I E I E A2 45 NCBI PubMed | Hr [ H1M 7 J7 %
a2 KRN T O R 2 2023 4F 9 H . 55 Bk,
AT AN 2SR RITZ R 24 & S 20 U e 0 A
/N FE FE R R HEA T IS BRI . F
SRR EE A 1 TAERT 2 MR BUOR T 2, 55 =B
B TR R e /N, T SR UK A M AR
FORE B2 R AL B R AR U2 i, W% T
YE/INELBA N R A TIFSL A ORI A, (o L 2
IYPOSYT TR B A AR A AT R LRI K

3. g5 I 5 0 B H AR AHE A5 g i 2%
R B N TA BYAH G R S RHIF L DAl 48 i
R I BFR AT R TA 5

4 UEPE VMY 3R SR L P R 2 4
LR I N GO S 58 0, A7 TE iU BB EUAE K
%3 ARG WS H0E o (8 FHHE R WA )
HOPEAl  H3T M P4 ( grading of recommendations
assessment , development and evaluation, GRADE) J5 ik
XPUEEAR R B WA T o (K 1) 6

5. f5 T WA AL UE  TEAR S TR TR R R L4
HALHT, S AN L A I, AR R 15 WA T 58
HhE, IR N RS ARSI M s R E RS
LA

A iR AR EOR

1. MRA ; 35 AR B AL AE I 18] Kk (time of
fligh, TOF) MRA % 3458 ( contrast enhanced, CE)
MRA . TOF-MRA ) s A5 Jir 382 38 2ok i A 500 3R A5
MG ENE BIEH HEL AL MR {55, 5 &L i A
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R I RIS HITT S FGr (GRADE) 734 br i

T ke
TR 5534
(A 2%)

(B %)

AEF AT AR T H S

XA T4 0 - WL E AT 7T REH T EL Sl B
IR AT REZEIAR K

XA B A B WL T e S H SR AR K
Pl

WAR(D ) % WEAEIL-F AT - EAH 5 BB m] RE A AR K

250

flr(C4)

TEAEHRE )]
(180
$5(2 %)

P s~ BRI A T B el O T
HIBEANE R B TGIE R i {40 S5 M AT

FRI S il ¥ T8 i A] 2 30555 & 2k o B TOF-MRA 1
RN TCTFT X e & TG X iR, plide
ZHR T TA BFfAT . AN 12 TRRTFSE 960 fi H 2 1
LEREHT R, 772 5] TA fB % rh  TOF-MRA £t TA
() R AR K 95% , e 5 BE Sk 89% . TOF-MRA %if
ANTRIE B e /N ) 2 Jikcgeg A6 v 1) 2 0B AN A ]
IA 2 T RANET BN K (ACA) (e K42 <3 mm S ffi H]
i35 MR( < 1. 5T) K 2 5 50 MRA =K 19 15 (6
BZP . A 3.0 T MR,7.0 T MR 7£ 1A 21673
il (4 2E S A 0 SR A ) A — g BT, (A i —
BT AE"

CE-MRA J2 3 35 7 5 I fi P 2L X L 750 398 588
18, PRI 22 11 Y0 AN R0 30 Bh 5 1 5 i), b i
MRA [{E S 85, Cirillo 2500 DLRCF 06 1ML/
W5 (DSA) Ry & brif @ i X 41 4> TA (5218 24 %)
HWAF9E &3, CE-MRA 5 TOF-MRA £ ) TA %) R
JE—BER 4 (k =0.95) ,{H CE-MRA fEEE 41 b
7R TA BOAHLIUE 25 908 200 25 B Jea 25030 B4 4 32 1f.
o AHHFAES X L% TOF-MRA 2 36 A 2
IA ity 3 2, H CE-MRA KA 475 JC i sk 0 %oF 1o )ik
AR, i H A Pk AR 22 B 7 AL R R T
CE-MRA #;#t .

2. CT: B— SR B R sl A7 A = 5 98 PN LA 1)
IA A[7E CT i RAh, CT ZT0HRAE N UlAs (92 is
o B CT P Z2Wrsh ik Pk SAH (aSAH) K 33T
BhbRE R B B TF-B, aSAH %46 h ,CT
TR R EE ST 100% ,24 h 5 A% 93% 21

3. CTA: HHT, CTA 8z W H T 1A ik,
B 2 20808 CT 43 PR AW &, 64 HEX LI L CT
A 3RAG B AP B LR SR . — TN A 45 T A 5T

3 643 il IZE R i, CTA 127 1A () R4
JE 9 97.2% BRI R 97.9% ) CTA XHg ey
IO (L A P A v, (L H o 98 2801 % 4030 2 57 1 A% Bk
AR BT BE (IS T 3D-DSA ;5 Hy Ry 3 25 FRAK N, 98 351
ARt R T se bt R R TA (fi
K#%:=25 mm) ,CTA 5 TOF-MRA ,CE-MRA 7l &
KT KN T T2 5, Horf CTA S8 s 1) S22 30
SRR A T 5 P, RSl b S B P ol A
BEAEAL S B e A% <3 mm (500N TA (4G
AEJIA B, RS2 320 HE CT, FLAG I Ay 2R A0 B A
HN81.8% " HAFAERZ I AT RE. V34N, BR 4R
ThEE I AR AT A — RE I 0

4.DSA : HHT, DSA 322 W7 A A9« S hrifE” , L
HJZ 3D-DSA, HoRr 5 8 | R MO KR Y T
MRA Ik A8 4D-DSA | a] L) 5 4 3 WA 8¢
Je $U AR AR 4 S I 1) 5% R, SRS 1L N Bl kR I
It 3 15 B, VT Al 3h Tk R 3 K R 28 XL
G20, {H DSA A AE LR Bt (1) AT REA A X HE
SRR 2RI B o ek A B kR L sh bk e 2 L B
KRS X EE R AR SRS ZE 6T b3 e L 25 B T
RETEIE , LUK IR Bh bk e 22 | i A5 PR BRE e it 7% sl L Al i
[R5 & d 2 o iR 2512 (2) DSA (1) 48 4171
AT CTA By 4 ~5 15 (3) % T3 )2 ik
Jo , DSA JFR B8 5% oh ok i 045 BE DY I IS
555 45 4 MRL G B PRS2 o X T R 2 M6 5E aSAH
8¢ CTA Ky R & W aSAH JR AL BB % IR 18T &5
PERYRTHE T 47 AT DSA Kidr

HEFEEIL: (1) TOF-MRA 5 4 TA (1) 7 R AT ik
95% 4 5 15 1] ik 89% , AT A Ky UIAs i £ 1) B
CTA K TA 1) REKE R 97.2% K¢ 5 R 97.9%
JRA]H F 0 45 DSA S22 W0 TA 9 S AR, 7%
aSAH (AR F DSA;CT FF SAH By, 5 s
F100% (1 e, A b4 ). (2) CE-MRA 5
TOF-MRA #5H TA ) R g o225 {1 CE-MRA §EH
Uit SR KIS (1 A, C GiEs) .

T A R E KU PFA P 1 AR

FEGf AT i A — EZ B TA | I % H e 0] % A R
FaE (M olim 24 ) Ay RGBS PR 2R A T A

(—) 1A BT 2E S R0 I e B ol AR 28

TE MRA [CTA J DSA L¥ynl ity TA JE A8
i, AL DSA A« bRl o A ESEOT T H
TA RRE R B2, W IS 1A BRSO
A B3R 2, 3% S S H07E B A SCHR AR H g iA
N5 TA ARFEE KU B AR



—+ . a2 NPT §F; * mn eurosurg, ugust 5 ol. 5 0.
ThAE M 2R 2235 2024 4F 8 J14540 %58 Chin J N A 2024, Vol. 40, No.8

K2 IEAUA SR R B S A 2RO HE X

- 759 -

ot

=

ZE 1
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1% (diameter,D)

Fe A (width, W)

TR BE (
(

k1% (horizontal diameter, HD)

el

height, H)
I

b
S

#x K4% (maximum diameter, MD)
R H /% (neck diameter, ND)

BN k9% £ (aneurysm angle, AA)
NS B2 (inflow angle)

Jei A AL (neck surface, NS)

SRR 5 9 TR R B g 1202

5 3 ko K AR T B B A g L7 2]

S ko ST 14T 3 RS 25T £ d A g 12

T T 186 0 20 IOKORA 08 DAY 9 2 ) B g 2
KRG P 2 2 ] g A B g L2

R4 ST T 9 B R A 18 )

R0 S5V T 5 S o ELAR O i frg e 1O

L5 1605 B B ARy e o 1202

KR A T 4 TR, — S T B R 5 75

R 1 1 B A2 (diameter of parent

T T A 3 AR Ak R Bk AR S TR S R T L. S A AL AR S K ELAR B 8

artery, DP) 1, 4RI AT SRR LT 45 1.0 om P shBK A2 1SR P2 (2 )

A (volume, V)

Y\HH H (aspect ratio, AR)
K (D/W)

JUst H (size ratio, SR)

25 L 3 3 B BV 0 25,015 — 630 B o 7 LT i 26 2R AR 0 BT, LS e
SRR 1< 5 1 5 0 7

S 1 SRR 1

SR KA SRiBG 5 BRI LT 4 e 1

AR S SRR SRS Z

W 373840 (undulation index, UI)
AEERIE+5 % ( nonsphericity index, NSI)

(SRR AN RS S ALY L

UL=1 - V/Veh, Hef VI Sh KR AT, Veh 4 352 30 R 5 /NI 7 250 fr A s 120 26
KR SRR 22, NST =1 — (18m) /3 V23 /880 e v Sy s kR ARFR , S Sk 2 ki 2 i TR

1.5 B S e sl ke R/ IN A A G S84 30 ko
(R R/ IN 2 e S 1 1) 5 2 o AN XU Tl g AH
KB H AR 55 % 20 kg R /IN R O ik A
[, ISUIA WF5¢ds O FRIE R e K42 <7 mm |
BEA: G SAH [y IA, HAE R 24 3% 0770 Backes
2 S IH K AR > 7 mm 1Y IA RS R EARFEE .
Bor 2V 90 B RE R 4.0 ~6.9 mm [ IA L5
JE <4 mm 1Y 1A S RAEARRRE . RN IEIE A
AT AR R TA (1 K /N5 AN B KU A O
Xu %52 ILTF 763 M EEAR TA BBFFE £, A5
KB IA KREM2ER RGIT¥RE L, % 5, BT
Xt T TA KNI I 2 4 B = 5 — A e, S5 18 R —
SRR T IR F (B, A B il 2 A TA K/
G —brifE

2. 9\ K& H (aspect ratio, AR) I X} b ( size
ratio, SR) : ZHFFTIN K, AR F£ K T4 — HLfERT TA
AR RV ik 25 8, Qiu 251 BF 9T & B, AR =
1. 41 TA 85I N F1 X 38k 5 Y (low shear area ratio,
LSAR) 4 0. 13 Bt &5 51 1A AfaE, 5 AR <
1.L4(LSAR 2 0. 02) fHIL 2 F A it &2 L (P <
0.001) . SR 5 IA LR AR K A4 Dhar 2

24, Tremmel %' {9 HF 52 2 W1, SR > 2 I 7] 3¢
TA PN H BEEE 228 g0 M B A e iy i A =X, & 5 TA
I EL

3. AGHA B M sh 35 %0 (undulation index, UI) :
SR B A B Baharoglu 250 $2y Jf & HLL
SR BE TA 2400 T E MG N % Zhai 24 73
Br T 23 I Sk 5 233 (51 H A i 34 3
JVKIEE AT 25 2 L, R I O ] 50 Tk 98 g A S 1 R L
HAFEA PG R (P <0.001) , Jf48 HiZHE &R
A e 2 WE R S kR o8 S e 4 S A . BN A
HH AR DA Y- T 0 5 3 A2 ST R ME A 11
NS BE R R 3l bk TR %) LA ) 0 B T g PR T
VA7 B TR IO 2 S5 i IO 225 , — 4 2 )0 o A 28 i
Pt il UL e — s R L R TA AR
WIHEE . Dhar %5 $2 1 RIAs %2 UTAs 45 50K 1 Ul
{E, B RIAs TERIORERIN . ASHRI] TA — M 246 43 it
REAEA TRMSIIKE . ok B PFSEE
TA fRR KU 45 J2 HLml 4 i g Sr fa e R 124
Bjorkman %W]i)\f{l, B aSAH f1£ % 1A ) B F
AN HRIIE 2568 3 K 968 ik 24 174 5% i 7] i L H R/
WA,
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25 1L TIA IB S SRR A2 FE 0 TA ARGE
RS PEAL 2 5 A I R 3 ARG — o AR AL 1Y
TA 7] BE A AR BIE #2500 a5, 73 3R A2 P Al TA
TS FARAE T RE 2 EEHERR I 9 AN 7 1

(=) M 8 12 SO R L

AR ) 2 HOR E 8 B TS 20 BKs i
R EET B, TR T 2 Sl kR i Bl
JIERIRLALL 12 3 0 i R A B KR R SR
Bl , W AT TR A e T BRI AT, e A
4k

R 0 I A = 6 1| RV = s 5 A R
B (1 A G a1 TR LIS T Ay N (T
RIAs ML A e ULAs 852 2 AR R ™. —
THZA A 210 5] TA F5 35 1 1003 8 ) 2 0F 58 & 30, B8
BRI G /N BY A RS2 X8 52 2% B AR 1Y I
T TA B fE R IR R,

2. BE T BF ) W J1 (wall shear stress gradient,
WSS ) FVEE 1 5Y U1 1w g 86 B (WSS gradient, WSSG)
WSS -4 LR 30 %o 5 P B 7= A g ) o )
5 WA Z 18] (4 3 B B E L o WSSG 7 U
DI 3 i 8 J5 1) 1) 25 1) 5 5, ROV I 480 4 3 Y
WSS 84k R, BBKIRE G I 0 1 37 3h 72 S A
AR, WSS 1 5 M BRG] 5 TA /YR K
LA k0N SIS WK, AT UlAs,
RIAs iy WSS SR A LeBF A , 1 v
f¥) WSS F1 WSSG J LA5 A5 1 A BZ , 5 BUR i L5
BEIRAL P okE 2 K , R s kR B Bosh ik
SRR YA X T RE 55 /N 1 B AR & P TEUAR Bl ko e 1Y
AR R I A O

3. BEE 8] & 77 X 38 (low shear area,LSA) .
LSA & Xy 953 BE WSS AR = 1/10 #8 2l ik 19 -F- 15
WSS XBR o RIPRR T LSA K, TA KU
o —IANA 1S TRESY, 2779 5835 19 900 4~ TA
HYZEHE AT R LSA 55 TA R Ao

4. BEE IR FE (energy loss, EL) : ML £ 30 kR
S B0 DK T A0 RE 1Y) Bl B e Ak Sy R XY e
i, o] 2 P B0Eh PR BE AR IR, L m AT kAR
SAH, EL BEGEHS i b DAk 988 N 1 g 28 A6 1 i it 3l
RERRRAS , 7 I3t 2h ) B 55 1l 4 B il 43 ] 174 5C
£ W EL OO 1A SR fEmm R —
THRET 7 49) i 5 388 s ik s kg B4 1L 3t 30 ) 27 20 A
7, RIAs i EL B 5 7 F UlAs, Ha ik N &
TeAARaE

5. ¥R 57 V) F5 8 (oscillatory shear index, OSI) .

OSI FZL TP LI 75 7] L (8 st () A8 Ak, g 0
ZhIEI A WSS J7 [0 B (R . BFSE R, RIAs
(¥ OSIAEAZ UTAs (975 s (Rt A BFFE 2, UTAs 15
RIAs f) OSI {4 )22 52 G ¢ 7 U®, [H I, 0SI
FETUN TA B Ve Y 2 — 2D

6. Bf ¥R ¥ B0 {8 ( gradient oscillatory number,
GON) : GON J&.0> 51y J& J91 A it 97V FH A6 P4 Bz 400 i |
(L3 ) 12 S8, 3288 T i AR 3 5K 0 R 4
FIRREE . GON Jap B Tt i IX Bl 2 7~ 7T RE 2 A5
FETE A X I, — T4 A 22 THAMHT TA I 3h 2
FOZEZE M 45 9 7, TA F9 %5 GON 15 25 5 98 Ji
BE TA (i X I s B A 5E

7. FHX BH A E] (relative residence time, RRT) .
RRT 03¢ T 1M 6% £ 10075 BE J&] 61 11 4535 Biof [] , RRT
PN L e BEL i B [ A e, A S P, WSS DU
IR — TR A 23 MRRAR > 7 mm 1A fYRESE
A RRT F0 TA B 4 XU A Ge it 22 8 X,
RIAs [ RRT {& B 28 2517 5 —migh A 113 4~
UlAs FOBFFEIER , RRT X TA 5 8 1 8 88 | 98 5E Ak
RERE AL A B

( =) ARG A S I TR

1. & /7 3% 2 (high resolution, HR) MRI 31|35 M
Xof TA F&2E PE R T 2% X . HR-MRI $ R £ 24576 &5
ik MR 2 v i FH = 15 e e 4k B 9 8 1 P 91, o
TR R RS T BT R L2375 728 o 761 B ML A BE 15
SRAE KA TR AL BB, B BB F R T HR-
MRI |- (14983 B BRI 5 £k T DA i) 2 2 B 5 £k 3 47 7
RV, AT R R TA e A AT e, B2
BT Edjlali 257 %t 87 i B 19108 4
IA 17 HR-MRI ¥ #r, &5 R P /n A fa e TA )R] BE o
TRIA & R TA, FLJR BE s Ak TA RRUE i
SEAE R 2 Hu 257 X H 43 B 30 A4S TA 1 R i
HR-MRI 5K J5 IA i #2245 5L, & 30 HR-MRI [ 3
TE i A DT 7 Y B 114 32 Sy oA o 5 I 4 e % ok 2
S BRI , T R IR B 5 Ak X R BE S J AN R A )
KEGARRAEH . Wu 257 o fF HR-MRI #F 53 ik
SI, P 20 5 O 2L AR U ABLAE S — A A Y
RAEFFEYAE RIAs P i i, HizZAn 595 UlAs 93
BESRALA OG5 LA, 12 BAIE & B, 5 98 B 13 i A G
[ RNA 43F (cireRNAs ) 1] B PT4h UIAs £
SEVER BT SR LE AR ST

2. P4 4k ifil. i ( four dimensional flow, 4D Flow)
MRI 1525 4D-CTA :4D Flow -MRI J& 3% i i) 43 39
1) = HEAIAIXT HE MR BRF AR, AT R Z 4L (5 B,



PRI AR e 2024 4E 8 H 4540 555 8 ] Chin J Neurosurg, August 2024, Vol. 40, No. 8 - 761 -

BRI A2 (s BAN R al RBULR s s . A
B, IZ A B % 7 8H FI R AR T AE
Futami 2575 7F 40 5] IA 3% 4D Flow -MRI i+
KB, RIAs FLEA T80 3 ks il 68 B A FE i
AERZ AN R 5 22 i A . 4D Flow-MRI & /]
FADAVEMY 137 5 ) 2% B (flow diverter devices,FD) B
SR PR BRI A AR 1 0, Brina 257 SIE 52, i 97 A
I Sk S KIEE P8 5 T R SRR N AR T
B E SRR HEE R M 5 ., sha&
4D-CTA J&i2 H sh A 2 B A =X, 76 40 [R] .00 ik
FHRNES [RIAH SRR A BB A 7 — R B kA T
3l CTA 78 B[] 43 B 1 (R B fe , RERE LR 1A 1Y
B FRIE XREAR PR BE (132 21 DA S0R S HR A
W Zh, I 0l A R4, UTAs (8 20U, A SR
A REESE KU 1) B4 B $E 4R o Zhang 2510 (o #F
FEXT 328 ] TA fE (1) 4D-CTA S5 R 11 PAh,
TRAFINI RER Bl 55 TA B340 ST A G

EEER: (1) IA BRI S HORE e KU
FHOC AR G — R AR i 5 i AR S22 240
5HIA ANREMEMIESFERH R BTG 458
(1 MR, B JUibd) o (2) M3l 127 A A e —
S R PR , A i E o M S LI B T2 S8
S YE S A ) 5 PR SO R, S8 H B IR
N HIMEA R it — 20w, AT 45 G IR S TA Jg RE
FRIATLE G0 (1 9uERE, C 90FdE) o (3) &
WSS 1 WSSG 7] g 5 1l 4 & 44 Fl TA A9 I8 AT ¢
(1 4R, C ks ) . (4) ik WSS =& OSI AJ g
5 TA BEZAHC (1 HERE, C ZLiEdE ) o (5) HR-MRI
HH BJR BE PR i Ak T BEAR 7N TR E R M U L TA B
HEARTaE (1 HfEtE, C Zilkds) . (6)4D-Flow MRI
FIREABAR 4 b S B TA R B0 afn 35, 4D-CTA 7] fEBE
WA TA Jg BEASRILIN 4 )y , 19 ok A %o TA AN KL
B DAl T REAE — @ B (2 S, D S0Eds) .

= ARSI B BRI 1 AR AR

(—) F 2Bk

it PR S J2 Bl Jkoge 2 P 25l PR 3 S0 A R
S 2T 000 370 99 A M AR 2 ), T ol i )2 [
() —FPRRIR S A TA . LRI PE B 2R 2 R F2
ARG ERERAE” | BERLIL R K P BIRAE” o HR R
" 2 Je 2 BN Y 7k 5 IR AR 2 R,
DSA [CTA J MRA 7] /R X —fiE 4, Hivd DSA
“ErRRAET < mE(E] A e B ST SRR P I PR
MR 2 AE 4, 34 5% I AR 3 5 MRT T1 B
(TIWI) K HR-MRI £ 0] LA b o 3%, <1y

FEHRAE” RS 22 1 A8 43 Sk B 55 A T A B O 7 H:
(B FEE— 2 IR B SR AR 5 R R BUBEAIE”
HZS By A2 MR i 3 i 45 5815 28 K A v gl 0 %%
B TR 50 155N e J2 B BK R A
5336t , HR-MRI $#435 TIWI kg H P9 BROARE1E” 19 R
WUE R 91. 4% Wk K212 W i 9 2 J2 31 Jhk 988 15 ml
SER GRS o PN e )2 B BOR 8912 T
ZEA LA DY | I A RE 5 100 L[] ) DB, 2% 1 3] DSA
M4 B, T 4E4T CTA B MRA £i4r , #12 W Jo ik W
MRl A [ SAH 75 145 IR I7 nl i — 20 4T DSA
KA o

(=) Im3m#E s ke ( blood blister-like aneurysm ,
BBA)

BBA 2 —FRRakIS T TA 5 UL T 300 N 3 kR 28
B TR A 25 R R, BBA AR O R R
AR R (R S 0 76 R SR 453 Ak (S HE T i 21 A 4 21
P s, AR B e shliom ~* . BBA LAY 2 1%
2RI A EIN B KR 58 1 B« 3 SRR ) 2 [
R, HA /N, 258 5 7R B IR CTA H % DSA A rh
12 . BBA 70 01 1M 48 1 sE B T rh 02 A5 5 Al
KA Z S IKIE AR , i i 24 i 5 A
K& WO T 58 BBA (1 E TR B BIE B8+
RS SRt AT I WA, BBA J& TF—
Pl BR2 2 W AR S AR 12 W, SN2 AR 2 B IR
FHARMEVA IS W BBA™

WFE: (1) DSA LW N 2 )2 3l ik 9 11
“GhRUE” ,HR-MRI 1] DUAR G- M 00 5% 21457 BE P9 IR
A7 Fre BERLALM T (1 eHERE, C Gukbdls) . (2) BBA
(B8 LA 012, 45 G IR AR S8 2 SO 3
AIZEA 12 (1 et , D GOk .

Ny N = e |

(—) M5 PIIRIT AR TR SR 15240

H AT, M NIRITT 2 R 20 IA 1 E20RTT
FBr, Hor o 2 B0 35 sp ali s S5 18 p 2 | S 40 Bh
R IER FD B ASE, ARETIT 5 R 22T,
XHHYT U I A EEMME

1. CTA 1 MRA:CTA Fl MRA =% FF 1A (#5%)
iy, Horp, CTA kA Pk, 3% F T RIAs 1R
#.MRA JoA, G4 UlAs (5, HAr, AT
DSA, CTA il MRA 8K % 2l ik e 2508 sl ikow A 45
FAI R DAL 32 21— 2 BRI, (H 2K H TA A9 RS
B BE e 9 B OCTA 8 MRA XF T 4> #r
Willis FRARBLFNHE T F AR A BRI /ER, O ¥ Hz
HTF AT A A B e e v, A, s g
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WAE T4 5 I 3D ATENSEH BRI IT I

2. DSA:DSA J2 IA JE BSOS hnifE” , R
SRBGINE R SVANC R EVED A 10 Bt e IS B N LSS IB
MM T AT DSA [ PFPA 3 % 09 HE 7 2 A
IRIT BYRTEE , 7EIR Y7 A1, 38 i WL 8¢ A8 3 AR AT Sk BB
CTA ¢ DSA, PF-Aki 5= 3 Jok =5 2L 0 il 873 3% 175 0 , 4l
BRI O R . IAESR , Bk 2 i B
G RN T2 58 (artificial intelligence , AT) 3% AR X} 3y
Jok a2 TR REAL TN B AN S R, B TR R I A
PATT TA (ORE B IE AN 22 4k 2

38T R C AV AR G R G CT UL
A (Dyna CT) It %% AH + Wi J= 49 i ( optical
coherence tomography, OCT) ; Dyna CT AN{H A] £ 4
JEE L 178 RN 30 ok 8 1 23 [B) 67 &, 38 W T 3l ik e
Fa ZEAR P ITAL SRR FT I 0 DA T 4l B T A SR )]
A0 3 R R A DY AR T A U
JEH CT HAET % —Enymf A, AT Dyna CT,
OCT W] 3 3k 57 5 19 43 B 38 K T 8L T B2 1 5 X
F03 07 SRR R 22 AT T 01 000 LA B I 22 5 1 4
PR B OCZR , I HL AT W S 42 0 45 100 S L 3k
TET A9 AL PR s L o B A A —
SERYJRRIE™ , H AT T3R5 09 OCT R4 45 2 4 e
R, FL T A AR , X i A% 5 PN i 45 3
PEBCA IR AL 2R

(=) I8 PRI ARG BYSAAR N

ARG 7 PR R I R I R SRR, T 22
SE Sk CT i LA 5 X 1 R 5 & AR sk aln v T &
B TCVEHRRR PRI R I, 7R FHTEE i)y
ORESF 25T, 58 CT LABRA i1l RIAs
R AT TR 2 W A CT, BITRf S 1l 9 W e
TR0 ik FRK S i i Bk 15 8 55 . MRT Kz MRA A
SR e TA P ZE K Pl AR 9 & E O G 0 Bk
IE LG (DWT) ] AR J& X6 e it e I 2 0 79 3
i, JUHR R I SCAR B Bh s s el ke 263 . SCRRARE
M BT IR A ik 92. 1% i DWI %/ iR
LA TS S AL, (R 81. 6% 14 £ R 30 A
SR SN, BRI R R B 5 DWI BT &
N BRI R R /NAH G, 24 44. 1% /9 DWIT JIF {87
) <2 mm PR AE FE R JF 6 A A e . I
I, fh A FR 4> AN BELE DSA v R 52, MRI 7RIk
A AR T, JEH R e 8 2 il e 1 3 Dk 9g 1Y
K B P A AR

(=) TFAFARET R B P i 248250 ]

TERFAIE TA EZ AT B, UHE T4

SUHR S 02 ke AR A R o S A KRRl Bl kA
I KRR A AT AL . IFSFAR
IRIT TA G045 3l ke B ali e 141 | 2l ik g 4 28 e A K
Bl KT DAL K A FE B R 45 S AR PFAN X T T
I AR B, DUT St E By AR o ik
T4

1. CTA 7 FF /i R §5 09 % ] : 3D-CTA 5 2D-CT
EUGHARSS 62 TA T AR b —Fp a4 HA 200
G511 T, HARSEAE T (1) 2 W7 1 R A 2l
DSA A &3k 97.2% ' (2) 25 FLE # 1Y 3D-CTA
Al PR S AR AR, (3) B4, #4E
WGy Ak, BB SRR T SRR I &, 1A e
P AR BASAUL 7 3R A W 5 3, CTA AR R A0 K] e B ks
Y, —IHET CTA %48 R H 3D-slicer # {4 H £ 5|
T IA R FARMR R B, AR 12 il 5 E
9 AR Hh i DL A R 58 A — B, R I IUR)
SEINCTA e AN S CTA X T il T AR A B i 45 S 4%
FHARSR , (HXT T Willis UG B S TA 41/ INEE S
HENBE I S DSA A FR AMARER G PEAG .

2. DSA 7EFFfAR H B . DSA BrEA kXt
AT B TR RS R A L BB 2 A5 A 2 S 3l ik sl A 2
MRG0 /N B ik i VR A1, 76 5F SR Hr, DSA AT SE
I AV 00 St Jokcgea 7 e PR AR 20 TEAN I SZ A ARG O
HAEZGFRIRITE S A 2R HEMEH.
Tang %57 K HITF AP AR I 517 A TA, R AR
DSA F5 -5 S % 3 ko e, BHE AN R S50 (i
P FES B IIKIRE 5% B ) 1 e BRAL R 12.4% o X T
VA ZE 2 BRI TA  DEAS 05 2 ok iz s ) =2 17 BRIk
AAEEE L A m il S IF A B, 25047 i 4
FEF TR LR UE 2RI B Ik iz s 1 28 2% 1l 9 AL 1
PEMY J7 % 3 B A 46 e 403k 58 RN BR 4 PR 2E K 5
(balloon occlusion test, BOT) . J&#ii56 v] WL £ i
Bl KT P ZE S 0 S B S R A (0 B 25 )
Wi 27 3 1A 2 AR . BOT 2 3 i 26 40 %) Bk
L 52 R B T Bk . R Al T % 30 min
Ph_E i oAk i 2 Bk BOT [F 44 (BOT i1 1
FEA IR 20% % B S8 5 T AV 0l R 22~ 34 30 ik e
(1 2/3 7K, PR BELIBT 15 min R 47 PPAh, 7T k20 &
BF 2 ) T I B a8 i A P 2 28008 Bl ik, 5 W) i A 7
MEEHAR . X TEXRIAEETFRRINEFARI
PSR PRt T 2R B s . —IghA 119 £
IRZE55 52 2% TA 1F DSA 5| 5 T ER ¥4 Bh T fii e A
ARIGHEFE Bs, 111 45 (93% ) 3% AT A e P 3 ik
Je8 105 151 (88. 2% ) 3 th [ i JC AT fu] 4 25 Ty g ke
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BUREIR

3. M| W gt 9¢ o 1 % (indocyanine green
angiography , ICGA ) 7EFF fiil F- A i i 1 H : 2003 4F,
Raabe '™ { YCHiIE T 1CGA 72 il 1L 55 95 A o (1)
B, B ICGA R AR A BT A7 AH O 1 3l Dk #1 ik
L SE M 114 5 A R, B 465 /0N 3l Dk N 2 S 3 ik (B
8 <0.5 mm) K] WahBkE#E . —TghA 108 iR
Hi R F ICGA 5 AR5 DSA Xt HuIAFFE % B, ICGA (1
WG B TT K 92. 6% ™ B LI A i
(fluorescein video angiography, FL-VA) & ICGA J5
SEHTAY AR TP S S S HR R DR 1 s A R
TA JePAIFERE s HA A AR T (W) ] L5 1l
AR 92O H A, 0 TE W b B TR S T
% Swiamicki % 4£ ¥ 5 Je 1 TA A o i
FL-VA, iy W 0 310 5% 4 09 3l WK K A2 460 A 1 57
IR TCGA W 3R 3 Jok i i B 1) e 35 i 35, (B
PR A2 5 52 I 2H 2 UHE , A B WA AR sl Ik .5
L3224 b A7 T T g BR 1, i Y0 2 516 3 52 I ) o 22
[&] B >20 min,

4. R I £ 5 ) B S (intraoperative
microvascular Doppler sonography, iMDS ) fJ i H
IMDS 2 —Ffr A9 1487 M RH 1 e 8 B2 i T H. | R
oL it A8 A € AHAETT e A TA R rp g i HBE AN )™
12, 2 BRI B 20 /N 0 2 S A ZEATI AL THR R BTEL
AWFFEAETT I TA AR R A iMDS Wi if 47,
AN T LAAR Gt 40 Vi 200 /08 1 657 1 0 3t 3 1 22
Ak, T2 W 32 B s b 22

(7)) IF e TA AR S5 R AR 7 H]

1. CTA il DSAIA Je AR GFELE A CTA 8
DSA "' CH I, kA DSA A PR 45 R Y
“ZFRUE” . MacDonald %" B R J5 DSA 455
L IA FEAIARSEATI AT R A2 11, 5% BN, H
 88. 9% Ry B KA A TP EAE T 4% 1 3 Tk Bk
AL TRERE IR TR, XT3k I B G #5470
AR ARG R CTA $E5 DSA -4 477 1 % 1 38
AR A B T & A i R A L B
S IS, BN AT DSA A B TP 32 B oA I
RS, I T LARTRELR B2l AR PR R Y
B D AR T MRA X 3 o Ji 4% F0 2899 o
WRAQVEAR SO PP AS B MRAT

2. i 2 #l A (TCD) : TCD J2& H A2y Ik
FR 7 R 12 O JC B I A PR I AR, 3o 7 40 2 R
IR ZE LA 4 ST (g 11 TCD i SR R
e HBBITAG I 3 3 3h Dk ML, 76 5 6 26 b (9 37

AR A R, L PR X F B0 B 7 1125 5 S08UHR AN o
B R, A A I R AR A, K 0 SR
%z TCD H W7 75 Bk — 447 CTA 5§ DSA B,

3. CT il MRI:2D-CT J& AR5 e 8 FH A4k g 28
YUBBLAY T o X T 15 PR A8 , 4 01 ol A s 72
BRI 28 A8 B e S BE R AR 3 AR 5 e 7 (8
wER R A 7 L E S 4R B O Je AR S
AR O B T N R BE A R e ) vz R
XUHE A G R4 0 42 8 105 52 T4 B3 (metal artifact
reduction, MAR) %5 CT $AR MY #1525 040 3% 17
G BRI, MAR FEAR R4 S 08
S0 1 B, B35 1B PE R 100 e P S, ke XA 1 R
G R P MRILAE A SRR 552
X RIAs J 5 gl 210 P A7 FE 238, U HE X
e 0 1 A2 A 0 R A S RE R 2 B, 5
CT He#, MRI /23R 15 (s BRI okt 7

HEFE: (1) DSA §5 F M4 NIRTT AR kA T
Ko SZEF W Dyna CT F OCT 5 A AT B IML45 P IETT
AR KR S5 SCARF TR S P9 B 210 B o A 0 (1 9%
HEE A GaiEdE) o (2) CT A1 MRI A 1 F 158 NIR YT
ARG e i % BT S 169 g s ot 0 R BT (1 R 47
B ZEdE) . (3) CTA a] T TA H AR FIA LT AR
A DSA AT HI T IA R FARBARRT IR, 2T DSA
(A BREE LA ZER AT FH T I MR T PF e 148 A QA 17 £
T AR H 33088 sh k45 il 175 50 ; ICGA m] F FIF i AR o
Al TA s S 28088 sh i i i O ; iMDS W F T iR
HR WA /N A A P 2 (1 93, C REHR) o (4)
TCD A HF AR5 PEM 1145 B 25, CTA v I HH BE A
I A9 I KSR e G L (1 7, C G0iEds) .

T BT RS

(—) UlAs Rfigi Mg e 54840 1 4]

SRR KUK UTAs 75 B 7 391 % A Tk 24 9 1 5
D R iR ULAs BYTE 52248 40 2 J 75
AR BRI X TA B &K A H EREAR S
— o 2015 4F, Bor 21 TA 38K SRy« B2 4k
WK 1 mm, (& 2 ZBL0HKYEL
0.5 mm, s H B/ B 43 i 25 0 4 (4 0 25 228 4k
PR 22 0 s o | ST i o L ) H AT
W R B B T A S 0 £ TA 42 4 A b I W 3 fik
TR AR . SR E T AR AR e 10 i I A
BEARER TA 2SI K a3, Geng 25 BIF 45 Y T ik
F =Y AE AR I TA 88K 7w 503E TR AR
R >209% F KT TA 38K 09 RBUE R 94. 44% , 75 1]
A K R > 1 mm H W TA 3K 09 R
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77.78% . BEEF AR IEN  TA 25 [A] B 2548 1k 1 #)
Wiy ] e S AR ) 3

() IA RJGsA82= 0 RE T 77 =X S 3k

1. Bt 77 A BE B : DSA J& TA RJF PP« 4
Frde” P B B AR A AR ST T T A AT I
(6 175 7 5 R WF S B9 77 1], Schaafsma 25612 g A
310 fi 50 pE A JE R JS 1 TA B AT IR, 45 SR
7N, LA DSA % & FRrifE” , TOF-MRA £l TA & & (1)
REGER 82% K5 5B 89% ; M4l 2 Fh 5215 5 bl
VIS B W iy = RS E L, H
K TOF-MRA Fifi 15 (35 1 B R A8 28 A, SR
TOF-MRA 2 Wi K J5 TA 5k 8 H — & Ja BR M.
Xiang %™ %t 280 il AR J5 1A 3[R H14T DSA K
3.0 T MRA #a#r, TOF-MRA Ay 2 s 58 ) e 22 R
Ja TA &% 1) 2 B0 R 5 B 3 51 o 100. 0% Fil
90. 1% ;¥4 FD B AT 3h k53 3% A 1L 37 % B2 A R
U FVRR S BE 430 SR 91. 7% F1 100. 0% ; PFAfr S 48
AR ZERIE TA B &M RE R 66. 7% , 55857
41 100. 0% 5 A FFFi e PR J5 1A 52 0% 19 2 B AR
4950.0% 4550 R 100. 0% ot F 298 sl ik oy ol
BEAEAE I8 I ol It 55 2 2% 9 I 3 A7 O, TOF-MRA g
RMERTEM B Sk . 0 NIRTT IS R AR P
FEAE, CTA $RBEAG(E ER XA BRI (B T i e
PR 5 1) Bl 75 4 % . Dehdashti 250" 1L DSA
R A hnE” SR CTA B 49 67 fi e P R J5 1A
B, WoRTE 42 i) CTA 2480 R U4 b, CTA T
M TA PHIZER) RS RORE 5 B350 100% 5 DTt 208
B BGE P R Jy 80% , % S BE Ry 100%

#Er MRA ST AR5 TR AR X H %58 MRA £
AR TRE Sk 5 4w 20 R 4w R 5 SO AR e i Tl
SV HOHA AR DSA A5G A IS T S 4R B
FegEal FD A5 1A B A, JUHIE X 3R sk
WiEE, Tan 25 H AT T 155 5132 4R B ke 2 1A
BF S MRA 5 DSA [HRETIRCR, DL DSA ™ 4br
X MRA (BT RE 4T 5 Ar ik v AR 73 45
R, W kL X MRA A] BLALPE 433k (3. 92 +
0.94) 73 ;K H] Raymond-Roy 73 ZRFRMETH TA A P €
TREE #55 MRA 5 DSA —3Ph i (k =0.992)

Woven EndoBridge ( WEB ) 598 PN 3t i 2% B 2 T
AFR )Yz N T LA 43 S v 201 80 IeE B U A S
e HA A 2 B aEsE ™ WEB
W B IS 2 a7 8 3 R 1 DSA™ | K3 b
ik F DSACTA & TOF-MRA Z 514 05 &,
Ozpeynirci %[m]@}zﬁ CTA F1 DSA Xf% ] WEB 2% &

FRZEM) TA B A TREDT, CTA 5 DSA X 1A $FH4 Y
WG 93. 8% , CTA J I8N Ik Jed 5k B 1) R AU
50% 5 BE R 100% . Algin %51 % B TOF-MRA
X WEB &1 ZE ) 1Y (69 1473 A3l ki)
HEATIRE T, W78 TOF-MRA 5 DSA K CTA 7E 3 ik
PR ()2 R W - A A — S (P <0.001) .

2. RJE TA B& W AR 7 IR bR T . TA AR5 AN
6] (1367 7 R IBOR [ B A FI Wbl . Sl s
Pl A FE | SCAE B 28 ST e A IR 9 O =X, BRDRE
TEREEAT T A FE B e P AL B, dF A TR P L g ol
ARIGA W BOE H 75 7% IR B A R A
RBITE DL, 185 R Raymond Jr SRARMETEAS [ H: TA
SERMIFEAN R (1 ) JEBska (190 Keahlik
TR (L) B =R e S5 ] . IT4ERA WIS
¥4 Raymond 73 2% 2 B ¥ Ji 404k i) Raymond-Roy 4}
9, F4 T UK BR 4R IR o Sl DROR AR AR Ltk — 2D
I3 1 9%, 2a G 2b 9 I SE A A FEE OO 2],
ik S B & SR U 4 % % gk
SR, A i AR R 5 BB, S 1 ok A 3
Uivaloes

ZHCE LT FD & AT TA AL 31208 3 ik
AT NHERAE , S0 W R I TA RS2 PE IR
IR, BE TSI OC V9 A Y I AR Ak K 3h kR A
TBERE O, HETE R B2 &R IER T,
0'Kelly-Marotta( OKM ) e w B W FD R
PRZEREE BORRE T A GO RE A B (>
95% ) ,B Y RIS (5% ~95% ) ,C Zi AL
AIEHE R ( <5%),D R hweWE, WIMIA
4 R R S Pbmife T L B LRy 5 R o
BNl PR E , AN BE U By K 9o o Of P4] ZE 5 52
KaH, Kang &I fEvk 4 AN FD B AJS 1A
HIZERY R ZR (4 DR F R, 43 08 8l ik
Jed UL IR A T 8 B LR B ) LB BT 4F-FPS
B9 255 (4F-flow diversion predictive score ) , % PF
rFRGEH 4 AR EAHMA R, S50 0 ~5 55,
MESHE =3 43, T B KR A JE A =T8% . i TE
I3 G FD B JE B2 AT AR G- b 3900 32 9 990 f
0L, R I F3AR T 3 Bkos 2 A JE AL 8 N S
LMY 22025 S IR FE LA S 1 O o

WEB 2% & P RRRIE A BOFH AR 58 4245 (7]
T e g, BEAEATSE iR H 3 FhIT-Hr WEB R
Je TA N MU R B RS 23 07 %, g i O BOSS
(Beaujon occlusion scale score ) 23267 Lubicz 4y
25U T Webcast 434414 , Hh Webcast 432 2238
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3R Raymond 434, T R w M %, TR A
o3 %, WWECH STk 5% # 5 Lubicz 5380530 A B
C.D 4 DR, A HO5E 4 285 B 9ol 58 4 M 28,
BT  TCXF LR, B X L RE S 7E WEB % B R
T TR X C ERCA YR S5 B |, 98 BE T 20 X0 L )
52 BN TOXT R FE R D 9O N WEB %
E XS R SR . BOSS 4344 6 N4F9,0 ok
i i Ak S WEB 28, 0" 0 %] bR 87
WEB 28 T 7 b MFE X, 1 9 {0 WEB 2% 5 Py
BRI 52 SR TR SR A B 53 9 h 2 ke e Ak
51+ 3 Nk & WEB 2 B o4 24 H BRI 3
Caroff 25"V ] BOSS 432t 4 NGy 7w 756 £
WEB 697 1 835 217 B U5 VAL, 3 57 1] F 35 5 1
VAT, A4 48 5 BOSS 3 4% )z BOSS 1 +3 4,9 i
BOSS 2 2%,

EFEER: (1) AW UlAs 2R 2R A —
RASE T 1.0 mm, BUEE 2 FARLNH K
11 0.5 mm, 5 TA H B0/ BB i 45 B B i JE 25 2
AL R 7 25, AR AT RE B AT LR TA B 4k
(1 AHERF, B FAIEHE) o (2) DSA J& AR5 BE 5 e Al
FERYTF B, HA S AR 207 XN TOF-MRA [ CTA
MRA S5 AR 7] BB 7E K — A 97 07 2 b B AR 4 st 25 1K
DSA(1 ZiHfid7, B JaiEdhs) o (3) 1A B IH W, B
i 930 VB A JE | S Il B A 2 N PR A AT SR
Raymond 73-4% ; FD 697 H Hi o4 — 1A 52 & 1 73 2
Bt , OKM 73 n] DUAR G- $ii ik B 2] TA P ZE 15 0L
4¥-FPS n] G B ik Jed R o P ZE 155 L ; WEB 3% B
VBIT G K FIW A BOSS . Lubicz &z Webcast 43 2%
Btk (1 AT, B SUIEHE) o

7S AT iR FOR

BEAE AT HORB R, AL ke &) T
TA YRR S AL B f s AR S B 1 4 031
REIZ W 7 RO AN TS B 25 22 BR 10 . AT 9
IR KAG R T BRI it ] $d w2 Wi s T, 4
TET I REAXS TA B2 7K AL EOR 845
HL#5% >J ( machine learning, ML) Fl1%E B 2% 2] ((deep
learning, DL) $E R . ML J& i 52 27 ) | 2455 20 O
FERCE LA DG B R AR LS80, i AR AL 455 Rt 1L
FRAAED S P B ML R K — ST AR A 2
DLZ5:3 ML (i 28 A 2 FIF R ERIA
S, 0 kR A 2 28 B 24T . DL R I
LSS A 22, 4 45 R A 28 1 4% ((deep neural
network , DNN) | %5 FH 1 28 % 2% ( convolutional neural
network , CNN ) & 1fF ¥ ##1 £ W 4% ( recurrent neural

network , RNN) 45 , 3 #E 55 25 4y ] )i H] T EI& B 3
53 B BUERAE 92 38 AR, 7 43 2 R0 AR
R IR THE S5 B HERn I . Bl AL AT A LG
FOR PP & R, DL DL #2826 AR 10 AT B3k
FET R RIE S 2 B8 T, Be8 A S LI U AR 2
FRIE, A Bhi2 W R R it 5%

1. ALFE TA i A N« AT Bk B & 12
T TA AR 23R 45, Yang %1 T DL
() CNN =R 53 %0 1 337 A4~ TA SEAT I 25 A 56
UE, P50 AT BERUAG I TA (%) R U H97.5% o R
FH AT BARKTEIAG I TA B T A BN 2 350, b
A7 AR BN TA BRI 7Y L Jin AR OF
RN T CNN [y 2D-DSA i 5 a4 e R A% <
3 mm IA U RBE N 74. 4% K >3 mm TA §Y R
HUE N 91.1% . Ueda % % JH DL i ARKI 1A,
X PA S T A 8 T 3 8 i 2 12 W 1 R E0URE 3 S
91% 1 93% , Hrh AN Bk T 4 LK, 52
1B3R5E 350 F1 MRI % £ YR [R] , 2485 8 3% 3 7 3
HEA 1

2. ALFE TA S @ rh g - R DSA HR
ELFAT B HFE AR BRI Wi B LAt L s 48
SRR R AT Y . Lang 257 SR HI BT Y
AR B T AL (9 53k & g /B & — 4 DSA (3D
angiography ,3DA ) B 45 48 | i i 7€ 43 B & B, 3D-
DSA 5 3DA % 4 46 I i I 45 1) B4R 25 S g it
TR (rapgame =0- 0L gy = 0- 9513 Py =
0.906 ;7 aypemes =0-991) o 1T 3DA HFFH 1 K
a7 AT DL S DSA 1 3D {RFH, #2755 Al
FARNT LI RO D4 G 50

3. ALFE TA 52800 5 9 W - H ATEE T DSA
MRA K CTA H g g N T &2 A JE A8 2# 0 &
s AR R SRR B AR S B S U TAERL AR
FLA 022 5, v RE -5 300 £ 45 AN ], 3 Al £ 5
R GEE M NZEAE T AT E %A
BV ICE Y AR TH R AR R ) 25 5%,
WA T REM 3% — 0] 8 ,, Hernandez FI Frangi' "™ %
FH 15 Bl X 3% ( geodesic active regions, GAR) 4 K
Sy RIS, BEE T UAar w] AR RS | 4560 53 Hr 3l
Ik 968 25 1T FHh 238 R A R A T A0 v X Bl kR 2R A T
SYE, R 2 JE W BFFEIT T H Ak, Larrabide %1% JF
&t Bl g s LR nT DL B 3l i B kR Y
TEAESH RN A IR I 7 Bt H2 X
IIRAFATT IR T BN T AR I8 3047 ok 43 B Bh o 5
BBk, R ME 52 fefk. Geng 257 B & 3
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FHLEBIE A S5, 2 5IX <5 mm, >5 ~
15 mm, >15 ~25 mm, >25 mm B30 IKIBEAR 34T
ZUIBAFM G, DT I AR ) B & B2
AR B R 45 R B AR LB (CCC =1.000) ,
BREH /N,

4. AT TERAAR RGP B  AS TRV TR (1 3l ik
R AR RA S B — 2R B A L RIEN, R
TAE—5KFAR R /s 28 i g R 45 4 S R He T
e, LT 28 2 Rl 2R 2R S e G, it e ok
B L TR R K 2R R R BCEE O 1T I A
Balakrishnan %5/ 3L F CNN Bkl 7 £/ F
AT RGBS Al A A HESRAR R —— T B Y p
22285318 VoxelMorph, 236 1 1448 1 L 17 125
NS T B AR B A R A N FH T
IR IX K kb2 i, Geng 2512 BF Xt TA (5445 %k
TR T = ARl & B, K Bl U5 9 30 kI 5 4
U B DR LS Rl G R W AR Ak, IR AE 108 191 TA A&
P T T MERG B (IR, R B R R AU
RS R4 TR 94. 44% F194.29%

5. ALTE TA F2O0® MEVPAS b7 v i i < I IR
SEEeH X FRRE I TA —ATRE VIR YT, A RRE P
A 47 FARIGIT o Silva 257 R HIBENL AR bR L1 %
T ) ML R e R = AR A X 845 A TA U
TR E PE TN, A AL () fh £k T AL (AUC) 4351
0.81.0. 77.0. 78, Liu ZE" Yt £ 2 000 4x {4l
UTAs J5 09I PR AN 182715 B, T AT BRI 2%
T3 TA R MR R R R 2R 86. 7% , W
T E AT PR LA 70% (P <0.05)

AT FARTEA TR R H A9 AH 5C STk AL /D, i
FEPGE AT S BRI 5T B0 S IR 9T MR i
$& K M A PIIRYT IS TA (B 2 A ZE 1S . Wang
AEHOT DL DSA g Ehl, AT AT BB T 29 £ TA
BE FD E#ARRCR IS FD SEBRE A S RCR
XPLo ZEHR R I, BRI FD B AW
96.6% , H. FD BB AL B W REVE KL, 7 4040 Bl
BRI RS T DL TA =450, 3454 3k
T8 S AR BRI 25 27 AR, AL S 48 e ) o
B S AR A S i R S AN S, BT LA
230458 FARBHE [ 100 min(95% CI; 85 ~125 min)
XFH 118 min (95% CI: 90 ~ 140 min) ]’ Regli
AL ATS 1k W Sh VKR e PTG T U 2005 R G VEA &
I, KREFARE VN Z AT AR b WA 4L ) ok 98 e
PATE R, e P A ME S 5 LS R E OUAH > IR SE T H:
AR

VEAESE N FH ML 3D $T EPF AR W] LA AL 2 2
JikIg 3D RO, g AT R TR AR b A fEEh
JikRg AR SEA W 3D 4T ERE AR AT LA s A
SR, 5 4 A 5 P g S5 R o, L) S8 S TR AR AR
Ja I A B AR RS o SR, 3D 4T EREE AR E £ A9 1
AR TOIR TR S AR AR P (0 S PRl 48, HLRE I 55
K, AE T RIAs (s AR,

553D FTEBERLE A A1 R i Ak TR 5% B
BERIR], AT HE AR AE sh o 5655 Bl A% ZE AR vh (i 3 545
ANPELL BT b (4 4 T 2 B 9800F , IF40 28 1 1 T 1Ifs
IRo #E 2021 4FFF J i) — 3 v = i B L 2 ol (Bl
HLXT BRI TR BIF 5 v, B A R B UKNOW © 4% {4
(2022 43 48 [5 52 24 i W B 45 1L ) 77 1L ) i 3h ik ogg
PEAT = RS e H B A S, IR A B
BT E WIBIEA, A IE . 455 oK,
R E — IR PERIN R K 96. 0% , I Bt T F R
RN A RS o AR R A AT I A
B EIE B 45 E AR R 58 I — U 345 ST 2 A
PEALIEIE . Liu %517 i — T B s L BA S BP9 v, 7
FH AT HE AR B 48 W08, R P i 248 1 — ik 3
o, H R i A A R e e AT,
KEABE RPN, A F AR T RArr4
RIS — T B RO B L IR 5T, TR g
STARVEAERR <5 4R 2 NBEAEAE AL BPE G
BT o8 il &8 8, K S8 — K3 R h
94. 4% i %t BELH BRI A% G2 F T30 I8 4 i — Uk 21 4 3R
1R 50.0% (P =0.002) . #2755, Al £ K 7] LU B
ARRR R A A SR T T IR RO, 4 S 2 ) il
28 R PRI A S

HEFEEL: (1) AL EARTE 1A fiids ip A —2
FAO AR, AL PR 1 R T2 PR (1 9dfe 4, C 9LF
i) o (2) AT HARTE TA AL R A (B o) U
i SR RS v A A B (1 R, C RAIF
W) o (3) AL EAR T30 T8 A kAL BT 19 S it
B I 06 IE I 400 25 B T I R (1 e dfi#, B ik
#5) o

HEME BN X(EHABERRKETERER) .
FRB(EMER K FERER) kT #lE
PERZERER) s (A ERREERER) |
BBEAR(UARAE L ERE) B E R ER K% R
PEBE) ZEF A (AR R K E R R B ) | gk i 4
(EHEBEERL R E =)

R ERARR (& RDMEDFHF)
F/ANK (AR B B ) (8825 R (R0 26 i s =2 1%



rhAEd 2 AR R 5 2024 4F 8 45 40 445 8 1 Chin J Neurosurg, August 2024, Vol. 40, No. 8 - 767 -

PRBA S B B ) B SO (VLA N RBEBE) B
(RRUIEE R R 755 W m BB ) (SR (HIR A
NIREERE) BRE (LT TR MR il EEBe ) BRXAE
(R R VR BE e ) | R SC Ak (A A 4 T i B
Be) WRAAL( LS ANREER) FRIETE ()7
BRI A — R B Be ) ORI (A BB R 2 B
JEA— BB ) AL FESR ()T M AL S B B
BALE (BT BER R BRILE B ) o — AR (R
MBIEE B ) R (S B MR AR R B ) VAR
ORMIR =2 — B BB ) A1 (o AR AR 2 H
Pele) P — AN REE R ) B (B #R R
R BBE ) IS (& A B2 R R 2 JR BE B )
WA (b R S R K250 — Wb Js B B ) LB
(DU ERR =M BEbe ) B PR (T Z R R
EEERE) B (R U7 R R A =W E R B )
TV CLRIERL R 20 DU B PR Bt ) % KA (L k
BB ) B CE AR E R RS E KRR |
FETER (R R R I 28 — R Be ) B RE AR
(E#EERREERER) FWHE (WL AR E
Be) AERBE AT A AR EBERE) (2K A (I /R B
RERAR RS B Be) (2R HE CE AR R A [
EHIRIRERE ) (2= IRLM PR R 7 B J 28— =
Be) AR (e g BE o e o — MR B Be ) R
(ARmgei BB ) XA (15 AR B RR R 2 = Fi iR =
Be) I R (I 2 %2 12 o 5 — W m R B ) (X1 5%
(LA NI EEBE) X5 ah (IATE BERR R 2258 — IR
BE) EKHET) - D 7 8 B2 B R 27 5 — B B2
Be)  BHEE (HEREE _HEER) 2R
(EHEERI MR 5t RIZERE) B (5K
Refrb HUBRE R B ) 8 7 (A il 26 P S i 1XC 6 =
BE) A CH TS — N RBERE ) ARZE (=M R
BBERD) AR (T AR ERE) A SR
(Rl PR AN & BB ) | S PR (e 2R 5 R
REAME A —Bbe) RETHE (LA R IRRHE B ) |
PNEGRINTT D BEBE) D 1Tk CE#REERE R E
HEERE) PMICE (IR B S EERBE) T AR TE (LI5S
MR R 2 Be B R A= DR R e ) 7 e (W VLR B )
R CHET RO ANRER) JEH CERRERR Y
B I A S 3 B B B ) L TE AR N (AR A ST BE B )
FERMACRERE)  EARME (LR K575 BB |
FIE(CREER MRS — BB \E 2GR
REFFRBSE —BERE) BB (i B ER A — B
ety GBI (R D BERBE) (ST R (AR
B EBEHER EERE) RLLE CHimdEE /R HiA XA

REEBE) R BEa (P A XN RERE) G
(DTN RER ) | 1] iR (5 M B B R 2 B ) =
BE) AR ( R BE AR R A B BE B ) e ZR ()]
REAAEV R Be ) AR ER (b AR EEBE) TR
LT TNBEBE) (VRER (TR 5 BR 2 e B ) 26
TR A F (EE R ERR R — R EE ) |
Bt QAR SLBE B ) e (o #0 B R R 2 )
A TIR R RE) W T (Gl SCERBER =R PR B )
M-I CEAR AL R 2B iR BE ) T (A2 rpRk:
R R B B Be B IR 5F R B ) | T 25 (il U rir A
FOBEBE ) Mgy o (] 2 R O o A B A S B )
Wi e (PR R DR B B ) | KR S (T 3
R W BEBE) ok (5 #R B R R H
BEBe) sK4kTT (B i sr BERE) 5k AR (R il 7 il 42
Fre A D) ok ms CE AR EE R E iR B ) |
KA IC (AL BERE R 27 5 = B Be ) 5K PR R (9 L &
AN SNUUNIEPNMA N 979 AG-S= PN
EEARINEE BE) kb (S BERR A e B
Be) X IR (4R AR AR R 2 [ B 15 = e R Jas i A 2
Be) JRRAS (25 FE AR R AR MR R B ) R R
IR 7 2 2 e B e R R R e ) b 45 (7 D
ZREREIEWNENS I ED A QL AR TN N TN
Be) ARNICREZE 22 R PU R R B ) R RAY (17 Fg
B ANREERE)

FlRsR  FTAEE S IO A R

2 % x #t

[1] Juvela S. Prevalence of and risk factors for intracranial aneurysms
[J]. Lancet Neurol, 2011,10(7):595-597. DOI. 10. 1016/S1474-
4422(11)70125-9.

[2] Vlak MH, Algra A, Brandenburg R, et al. Prevalence of
unruptured intracranial aneurysms, with emphasis on sex, age,
comorbidity, country, and time period: a systematic review and
meta-analysis| J|. Lancet Neurol, 2011,10(7) :626-636. DOI.;
10. 1016/51474-4422(11)70109-0.

[3] Li MH, Chen SW, Li YD, et al. Prevalence of unruptured
cerebral aneurysms in Chinese adults aged 35 to 75 years: a
cross-sectional study[J]. Ann Intern Med, 2013,159(8) ;514-
521. DOI; 10.7326/0003-4819-159-8-201310150-00004.

[4] van Gijn J, Kerr RS, Rinkel GJ. Subarachnoid haemorrhage
[J]. Lancet, 2007, 369 (9558):306-318. DOI. 10. 1016/
S0140-6736 (07 )60153-6.

[5] Lawton MT, Vates GE. Subarachnoid hemorrhage[ J]. N Engl J
Med, 2017,377(3) :257-266. DOI. 10.1056/NEJMcpl1605827.

[6] Nieuwkamp DJ, Setz LE, Algra A, et al. Changes in case
fatality of aneurysmal subarachnoid haemorrhage over time,
according to age, sex, and region; a meta-analysis[ J]. Lancet
Neurol, 2009,8(7) :635-642. DOI. 10.1016/S1474-4422(09)
70126-7.

[7] International Study of Unruptured Intracranial Aneurysms
Investigators. Unruptured intracranial aneurysms--risk of rupture
and risks of surgical intervention[ J]. N Engl ] Med, 1998,339
(24) :1725-1733. DOI: 10.1056/NEJM199812103392401.



- 768 -

[8]

[9]

[10]

[11]

[12]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

HAER 2 AR 2R 2024 4FE 8 H AR 40 455 8 ] Chin J Neurosurg, August 2024, Vol. 40, No. 8

Sailer AM, Wagemans BA, Nelemans PJ, et al.
intracranial aneurysms with MR angiography: systematic review
and meta-analysis[ J]. Stroke, 2014,45 (1) .119-126. DOI.
10. 1161/STROKEAHA. 113.003133.
Li MH, Cheng YS, Li YD, et al.

between three-dimensional time-of-flight magnetic resonance and

Diagnosing

Large-cohort comparison

rotational  digital subtraction angiographies in intracranial
aneurysm detection[ J|. Stroke, 2009,40(9) :3127-3129. DOI.
10. 1161/STROKEAHA. 109. 553800.
Mine B, Pezzullo M, Roque G,
characterization of unruptured intracranial aneurysms: comparison
of 3T MRA and DSA[J]. J Neuroradiol, 2015,42 (3):162-
168. DOI: 10. 1016/]. neurad. 2014. 08. 002.

Wermer MJ, van Walderveen MA, Garpebring A, et al. 7Tesla
MRA for the differentiation between intracranial aneurysms and
infundibula[ J]. Magn Reson Imaging, 2017,37:16-20. DOI.
10.1016/j. mri. 2016. 11. 006.

Cirillo M, Scomazzoni F, Cirillo L, et al. Comparison of 3D
TOF-MRA and 3D CE-MRA at 3T for imaging of intracranial
aneurysms| J|. Eur J Radiol, 2013,82(12) ;e853-859. DOI.
10. 1016/]j. ejrad. 2013. 08. 052.

Perry JJ, Stiell IG, Sivilotti ML, et al. Sensitivity of computed
tomography performed within six hours of onset of headache for

et al. Detection and

diagnosis of subarachnoid haemorrhage: prospective cohort study
[J]. BMJ, 2011,343.d4277. DOI: 10. 1136/bmj. d4277.
Sames TA, Storrow AB, Finkelstein JA, et al. Sensitivity of
new-generation computed tomography in subarachnoid hemorrhage
[J]. Acad Emerg Med, 1996,3 (1) :16-20. DOI. 10.1111/j.
1553-2712. 1996. th03296. x.

Menke J,
aneurysms by computed tomographic angiography: meta-analysis
[J]. Ann Neurol, 2011, 69 (4):646-654. DOI. 10. 1002/
ana. 22270.

Hirai T, Korogi Y, Ono K, et al. Preoperative evaluation of
intraarterial 3D CT

Larsen J, Kallenberg K. Diagnosing cerebral

intracranial aneurysms: usefulness of
angiography and conventional angiography with a combined unit--
initial experience [ J]. Radiology, 2001, 220 (2 ) 499-505.
DOI:; 10. 1148/radiology. 220. 2. 101au20499.

D’ Argento F, Pedicelli A, Ciardi C, et al. Intra- and inter-
observer variability in

between  CT

intracranial aneurysm segmentation :

comparison angiography  ( semi-automated
segmentation software stroke VCAR ) and digital subtraction
angiography (3D rotational angiography ) [ J]. Radiol Med,
2021,126(3) :484493. DOI: 10.1007/s11547-020-01275-y.
Wang X, Benson JC, Jagadeesan B, et al.
MRA,
angiography assessments [ J]. J Neuroimaging, 2020,30(3):
335-341. DOI: 10. 1111/jon. 12712.

Wang H, Li W, He H, et al. 320-detector row CT angiography

for detection and

Giant cerebral

aneurysms: comparing CTA, and digital subtraction

evaluation of intracranial aneurysms;
comparison with conventional digital subtraction angiography|[J].
Clin Radiol, 2013,68 (1) :el5-€20. DOI: 10. 1016/j. crad.
2012.09.001.

Sagara Y, Kiyosue H, Hori Y, et al. Limitations of three-
dimensional reconstructed computerized tomography angiography
after clip placement for intracranial aneurysms[ J]. J Neurosurg,
2005, 103 (4 ): 656-661. DOI. 10. 3171/jns. 2005. 103.
4.0656.

Abe T, Hirohata M, Tanaka N, et al.
rotational 3D angiography in endovascular treatment of ruptured
cerebral aneurysm[ J]. AJNR Am J Neuroradiol, 2002,23(4) .
686-688.

Falk KL, Schafer S, Speidel MA, et al. 4D-DSA . development

and current neurovascular applications [ J ]. AJNR Am ]

Neuroradiol , 2021,42(2) :214-220. DOI: 10.3174/ajnr. A6860.

Clinical benefits of

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[31]

[34]

[35]

[37]

Manninen AL, Isokangas JM, Karttunen A, et al. A comparison
CTA and DSA
examinations of cerebral and cervicocerebral vessels[ J]. AJNR
Am J Neuroradiol, 2012,33(11) :2038-2042. DOI. 10. 3174/
ajnr. A3123.

Aaron JO, Hesselink JR, Oot R,
intravenous DSA  performed for carotid artery disease: a
prospective study [ J ]. Radiology, 1984, 153 (3).675-678.
DOI: 10. 1148/radiology. 153. 3. 6387790.

Takano K, Yamashita S, Takemoto K, et al. MRI of intracranial

vertebral artery dissection; evaluation of intramural haematoma

of radiation exposure between diagnostic

et al. Complications of

using a black blood, variable-flip-angle 3D turbo spin-echo
sequence| J]. Neuroradiology, 2013,55 (7 ) :845-851. DOI.
10.1007/500234-013-1183 4.

Geng J, Hu P, Ji Z, et al. Accuracy and reliability of computer-
assisted semi-automated morphological analysis of intracranial
aneurysms: an experimental study with digital phantoms and
clinical aneurysm cases[ J]. Int J Comput Assist Radiol Surg,
2020, 15 (10 ). 1749-1759. DOI. 10. 1007/s11548-020-
02218-8.

Baharoglu MI, Lauric A, Gao BL, et al. Identification of a
dichotomy in morphological predictors of rupture status between
sidewall- and bifurcation-type intracranial aneurysms [ J]. J
Neurosurg, 2012, 116 (4).871-881. DOI. 10. 3171/2011.
11. JNS11311.

Lauric A, Miller EL, Baharoglu MI, et al. 3D shape analysis of
intracranial aneurysms using the writhe number as a discriminant
for rupture[ J ]. Ann Biomed Eng, 2011,39 (5):1457-1469.
DOI: 10.1007/s10439-010-0241-x.

Zhai XD, Yu JX, Li CJ, et al. Morphological characteristics of
pericallosal artery aneurysms and their high propensity for rupture
[J]. World Neurosurg, 2020,133.e320-e326. DOI. 10. 1016/
j. wneu. 2019.09. 003.

Dhar S, Tremmel M, Mocco J, et al. Morphology parameters for
intracranial aneurysm rupture risk assessment[ J]. Neurosurgery,
2008,63(2) :185-196; discussion 196-197. DOI. 10.1227/01.
NEU. 0000316847.64140. 81.

Baharoglu MI, Schirmer CM, Hoit DA, et al. Aneurysm inflow-
angle as a discriminant for rupture in sidewall cerebral
aneurysms: morphometric and computational fluid dynamic
analysis[ J]. Stroke, 2010,41(7) :1423-1430. DOI; 10.1161/
STROKEAHA. 109. 570770.

Xu WD, Wang H, Wu Q, et al. Morphology parameters for
rupture in middle cerebral artery mirror aneurysms [ J ]. J
Neurointerv Surg, 2020, 12 (9): 858-861. DOI. 10. 1136/
neurintsurg-2019-015620.

Li M, Hu S, Yu N, et al. Association between meteorological
factors and the rupture of intracranial aneurysms[ J]. J Am Heart
Assoc, 2019, 8 (17 ): €012205. DOI. 10. 1161/JAHA.
119.012205.

Ujiie H, Tamano Y, Sasaki K, et al. Is the aspect ratio a
reliable index for predicting the rupture of a saccular aneurysm?
[J]. Neurosurgery, 2001,48 (3):495-502; discussion 502-
503. DOI: 10.1097,/00006123-200103000-00007.
Jaja BN, Lingsma H, Steyerberg EW, et al.

characteristics of ruptured aneurysm as predictors of outcome after

Neuroimaging

aneurysmal subarachnoid hemorrhage: pooled analyses of the
SAHIT cohort [ J]. J Neurosurg, 2016, 124 (6 ) 1703-1711.
DOI: 10.3171/2015. 4. JNS142753.

Rajabzadeh-Oghaz H, Varble N, Shallwani H, et al. Computer-
assisted three-dimensional morphology evaluation of intracranial
aneurysms[ J ]. World Neurosurg, 2018,119:e541-e550. DOI .
10. 1016/j. wneu. 2018. 07.208.

Wiebers DO, Whisnant JP, Huston J 3rd, et al. Unruptured

intracranial aneurysms: natural history, clinical outcome, and



RAER 2 AR 2 2024 4FE 8 H AR 40 %5 8 ] Chin J Neurosurg, August 2024, Vol. 40, No. 8 - 769 -

[40]

[41]

[42]

[43]

[44]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

risks of surgical and endovascular treatment[ J]. Lancet, 2003,
362 (9378 ). 103-110. DOI. 10. 1016/s0140-6736 ( 03 )
13860-3.

Backes D, Vergouwen MD, Tiel Groenestege AT, et al. PHASES
score for prediction of intracranial aneurysm growth[ J]. Stroke,
2015, 46 (5). 1221-1226. DOI; 10. 1161/STROKEAHA.
114.008198.

Bor AS, Tiel Groenestege AT, terBrugge KG, et al. Clinical,
radiological , and flow-related risk factors for growth of untreated ,
unruptured intracranial aneurysms[ J]. Stroke, 2015,46(1) ;42-
48. DOI; 10. 1161/STROKEAHA. 114.005963.

Qiu T, Jin G, Xing H, et al.
dynamics, morphology, and rupture risk of intracranial aneurysms
a computational fluid modeling study [ J]. Neurol Sci, 2017,38
(6) :1009-1018. DOI: 10.1007/510072-017-2904-y.

Tremmel M, Dhar S, Levy EI, et al. Influence of intracranial

Association between hemo-

aneurysm-to-parent vessel size ratio on hemodynamics and
implication for rupture; results from a virtual experimental study
[J]. Neurosurgery, 2009, 64 (4):622-630; discussion 630-
631. DOI. 10.1227/01. NEU. 0000341529. 11231. 69.
Tominari S, Morita A, Ishibashi T, et al. Prediction model for 3-
year rupture risk of unruptured cerebral aneurysms in Japanese
patients[ J]. Ann Neurol, 2015,77(6) ;:1050-1059. DOI. 10.
1002/ ana. 24400.

Kleinloog R, de Mul N, Verweij BH, et al. Risk factors for
review [ J ].

DOI:. 10. 1093/

intracranial aneurysm rupture: a systematic
Neurosurgery, 2018, 82 (4 ). 431440.
neuros/nyx238.
Bjorkman J, Frosen J, Tihtinen O, et al. Irregular shape
subarachnoid
hemorrhage patients with multiple aneurysms[J]. Stroke, 2017,
48(7) :1986-1989. DOI: 10.1161/STROKEAHA. 117.017147.
Cebral JR, Mut F, Weir J, et al. Association of hemodynamic
characteristics and cerebral aneurysm rupture [ J]. AJNR Am J
Neuroradiol, 2011,32(2) :264-270. DOI; 10.3174/ajnr. A2274.
Byme G, Mut F, Cebral J.

identifies ruptured intracranial aneurysm in

Quantifying the large-scale

hemodynamics of intracranial aneurysms [ J]. AJNR Am J
Neuroradiol, 2014, 35 (2 ). 333-338. DOI. 10. 3174/
ajnr. A3678.

Kulesar Z, Ugron A, Marosfoi M, et al.
cerebral aneurysm initiation; the role of wall shear stress and
spatial wall shear stress gradient[ J]. AJNR Am J Neuroradiol
2011,32(3) :587-594. DOI; 10.3174/ajnr. A2339.

Zhou G, Zhu Y, Yin Y, et al. Association of wall shear stress

Hemodynamics of

with intracranial aneurysm rupture: systematic review and meta-
analysis[ J]. Sci Rep, 2017,7 (1):5331. DOI. 10. 1038/
$41598-017-05886-w.

Shojima M, Nemoto S, Morita A, et al. Role of shear stress in
the blister formation of cerebral aneurysms|[ J]. Neurosurgery,
2010,67 (5):1268-1274; discussion 1274-1275. DOI. 10.
1227/NEU. 0b013e31811£2{442.

Penn DL, Komotar RJ, Sander Connolly E. Hemodynamic
mechanisms underlying cerebral aneurysm pathogenesis [ J]. J
Clin Neurosci, 2011, 18 (11):1435-1438. DOI. 10. 1016/j.
jocn. 2011.05.001.

Boussel L, Rayz V, McCulloch C, et al. Aneurysm growth
occurs at region of low wall shear stress: patient-specific
correlation of hemodynamics and growth in a longitudinal study
[J]. Stroke, 2008, 39 (11 ):2997-3002. DOI. 10. 1161/
STROKEAHA. 108.521617.

Soldozy S, Norat P, Elsarrag M, et al. The biophysical role of
hemodynamics in the pathogenesis of cerebral aneurysm formation
and rupture [ J ]. Neurosurg Focus, 2019,47 (1) :E11. DOI;
10.3171/2019. 4. FOCUS19232.

Can A, Du R. Association of hemodynamic factors with

[54]

[55]

[56]

[57]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

intracranial aneurysm formation and rupture: systematic review
and meta-analysis [ J]. Neurosurgery, 2016,78 (4) :510-520.
DOI: 10. 1227/NEU. 0000000000001083.

WOIEEL, e, B0, SF. S2R 0N S KRR N B
PR L 0 3 = e ML L PR SR AT S JR [0 ] vl el i o, 6 2%
75,2022,19(5) :356-360. DOI: 10.3969/j. issn. 1672-5921.
2022.05.010.

FLER, REE. N S DR R R A 5 1l 3 )
OO R 2R AW R IR [T ] vl M of A 25,2021 ,18(5)
334-338,343. DOI: 10.3969/j. issn. 1672-5921.2021. 05. 009.
FEEZE, SURAR, TRT, 5. /A Sh IR 0 i sh 71 2+ 0F
FREER [ J]. BEyY AR % 4%,2020,41 (6) :99-102,105. DOI.
10. 19745/j. 1003-8868. 2020144.
Qin H, Yang Q, Zhuang Q,

hemodynamic parameters for middle cerebral artery bifurcation

et al. Morphological and
aneurysm rupture risk assessment[ J]. J Korean Neurosurg Soc,
2017,60(5) :504-510. DOL: 10.3340/jkns.2017.0101.009.

Han P, Jin D, Wei W,

hemodynamic parameters on rupture of intracranial aneurysm: a

et al. The prognostic effects of
systematic review and meta-analysis[ J]. Int J Surg, 2021,86:
15-23. DOI; 10.1016/j. ijsu. 2020. 12.012.

Long Y, Zhong J, Yu H, et al. A scaling aneurysm model-based
approach to assessing the role of flow pattern and energy loss in
aneurysm rupture prediction[ J]. J Transl Med, 2015,13.311.
DOI: 10.1186/512967-015-0673-z.

Qian Y, Takao H, Umezu M, et al. Risk analysis of unruptured
aneurysms using computational fluid dynamics technology
preliminary results [ J]. AJNR Am J Neuroradiol, 2011, 32
(10) :1948-1955. DOI: 10.3174/ajnr. A2655.

Hu P, Qian Y, Lee CJ, et al. The energy loss may predict
rupture risks of anterior communicating aneurysms:; a preliminary
result[ J]. Int J Clin Exp Med, 2015,8(3) :41284133.

Xiang J, Natarajan SK, Tremmel M, et al. Hemodynamic-
morphologic discriminants for intracranial aneurysm rupture[ J .
Stroke, 2011,42 (1) :144-152. DOI. 10. 1161/STROKEAHA.
110.592923.

Xu J, Yu Y, Wu X, et al. Morphological and hemodynamic
analysis of mirror posterior communicating artery aneurysms|[ J].
PLoS One, 2013, 8 (1): e55413. DOI: 10. 1371/journal.
pone. 0055413.

Chen H, Selimovic A, Thompson H, et al. Investigating the
influence of haemodynamic stimuli on intracranial aneurysm
inception[ J ]. Ann Biomed Eng, 2013,41 (7). 1492-1504.
DOI. 10.1007/510439-013-0794-6.

Sugiyama S, Niizuma K, Nakayama T, et al. Relative residence
time prolongation in intracranial aneurysms: a possible association
with atherosclerosis[ J]. Neurosurgery, 2013,73(5) :767-776.
DOI: 10. 1227/NEU. 0000000000000096.

Perera R, Isoda H, Ishiguro K, et al. Assessing the risk of
intracranial ~ aneurysm  rupture using morphological  and
hemodynamic biomarkers evaluated from magnetic resonance fluid
dynamics and computational fluid dynamics [ J]. Magn Reson
Med Sci, 2020,19 (4):333-344. DOI: 10. 2463/mrms. mp.
2019-0107.

Lee UY, Kwak HS. Analysis of morphological-hemodynamic risk
factors for aneurysm rupture including a newly introduced total
volume ratio[ J]. J Pers Med, 2021,11(8):744. DOI. 10.
3390/jpm11080744.

Liu Q, Zhang Y, Yang J, et al

morphological-hemodynamic characteristics, inflammation, and

The relationship of

remodeling of aneurysm wall in unruptured intracranial aneurysms
[J]. Transl Stroke Res, 2022,13 (1) :88-99. DOI: 10. 1007/
$12975-021-00917-1.

Dieleman N, van der Kolk AG, Zwanenburg JJ, et al. Imaging

intracranial vessel wall pathology with magnetic resonance



- 770 -

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[82]

[83]

[84]

[85]

rfiA AR 2 2024 4F 8 4540 %555 8 #]  Chin J Neurosurg, August 2024, Vol. 40, No. 8

directions [ J ].
DOI. 10. 1161/

imaging: current prospects and future
Circulation, 2014, 130 (2 ). 192-201.
CIRCULATIONAHA. 113.006919.

Matouk CC, Mandell DM, Giinel M, et al. Vessel wall magnetic
resonance imaging identifies the site of rupture in patients with
multiple intracranial aneurysms; proof of principle [ J ].
Neurosurgery, 2013,72 (3):492496; discussion 496. DOI;
10. 1227/NEU. 0b013e31827d1012.

Chalouhi N, Hoh BL, Hasan D. Review of cerebral aneurysm
formation, growth, and rupture [ J]. Stroke, 2013,44 (12) ;.
3613-3622. DOI: 10.1161/STROKEAHA. 113.002390.
Edjlali M, Gentric JC, Régent-Rodriguez C, et al.

aneurysmal wall enhancement on vessel wall MRI help to

Does

distinguish stable from unstable intracranial aneurysms? [ J].
Stroke, 2014, 45 ( 12 ). 3704-3706. DOI. 10. 1161/
STROKEAHA. 114. 006626.

Wu XB, Zhong JL,, Wang SW, et al.

enhancement with contrast ratio measurement in unruptured

Circumferential wall

intracranial aneurysm for aneurysm instability[ J]. Brain Behav,
2022,12(5) :e2568. DOI. 10. 1002/brh3.2568.

Hu P, Yang Q, Wang DD, et al. Wall enhancement on high-
resolution magnetic resonance imaging may predict an unsteady
state of an intracranial saccular aneurysm[ J]. Neuroradiology,
2016,58(10) :979-985. DOI; 10.1007/s500234-016-1729-3.
Wu XB, Zhong JL., Wang SW, et al. Neutrophil-to-lymphocyte
ratio is associated with circumferential wall enhancement of
unruptured intracranial aneurysm[ J]. Front Neurol, 2022,13.
879882. DOI: 10.3389/fneur. 2022. 879882.

Wu XB, Wu YT, Guo XX, et al. Circular RNA hsa _circ _
0007990 as a blood biomarker for unruptured intracranial
aneurysm with aneurysm wall enhancement[J]. Front Immunol,
2022,13.1061592. DOI. 10.3389/fimmu. 2022. 1061592.
Castle-Kirszbaum M, Maingard J, Lim RP, et al.
dimensional

Four-
assessment  of
intracranial aneurysms; a state-of-the-art [J].
Neurosurgery, 2020,87 (3) :453465. DOI. 10. 1093/neuros/
nyaa021.

magnetic  resonance  imaging

review

Futami K, Uno T, Misaki K, et al. Identification of vortex cores
in cerebral aneurysms on 4D flow MRI[J]. AJNR Am ]
Neuroradiol, 2019, 40 (12 ). 2111-2116. DOI. 10. 3174/
ajnr. A6322.

Brina O, Bouillot P, Reymond P, et al. How flow reduction
influences the intracranial aneurysm occlusion: a prospective 4D
phase-contrast MRI study[ J]. AJNR Am J Neuroradiol, 2019,
40(12) :2117-2123. DOI: 10.3174/ajnr. A6312.

Zhang J, Li X, Zhao B, et al. Irregular pulsation of aneurysmal
wall is associated with symptomatic and ruptured intracranial
aneurysms| J]. J Neurointerv Surg, 2023,15(1) :91-96. DOI.;
10. 1136/ neurintsurg-2021-018381.

Debette S, Compter A, Labeyrie MA, et al. Epidemiology,
pathophysiology, diagnosis, and management of intracranial
artery dissection| J]. Lancet Neurol, 2015, 14 (6) : 640-654.
DOI: 10.1016/S1474-4422(15)00009-5.

Han M, Rim NJ, Lee JS, et al. Feasibility of high-resolution MR
imaging for the diagnosis of intracranial vertebrobasilar artery
dissection[ J ]. Eur Radiol, 2014,24 (12):3017-3024. DOI.
10. 1007/s00330-014-3296-5.

Kanoto M, Hosoya T. Diagnosis of intracranial artery dissection
[J]. Neurol Med Chir (Tokyo), 2016,56(9) :524-533. DOI.;
10.2176/nme. ra. 2015-0294.

Yoshimoto Y, Wakai S. Unruptured intracranial vertebral artery
dissection. Clinical course and serial radiographic imagings[ J].
Stroke, 1997,28 (2):370-374. DOI. 10. 1161/01. str. 28.
2.370.

Abe M, Tabuchi K, Yokoyama H, et al. Blood blisterlike

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

aneurysms of the internal carotid artery[ J]. J Neurosurg, 1998,
89(3) :419-424. DOI: 10.3171/jns. 1998.89.3.0419.
Peschillo S, Cannizzaro D, Caporlingua A, et al. A systematic
review and meta-analysis of treatment and outcome of blister-like
aneurysms| J |. AJNR Am J Neuroradiol, 2016,37 (5) : 856-
861. DOI. 10.3174/ajnr. A4606.

Gonzalez AM, Narata AP, Yilmaz H, et al. Blood blister-like
aneurysms; single center experience and systematic literature
review[ J]. Eur J Radiol, 2014,83 (1) :197-205. DOI. 10.
1016/j. ejrad. 2013.09. 017.

Zhao Y, Zhang Q, Wang S, et al. Comparison of radiological
and clinical characteristics between blood blister-like aneurysms
(BBAs) and non-blister aneurysms at the supraclinoid segment of
internal carotid artery[ J]. Neurosurg Rev, 2019,42(2) ;549-
557. DOI: 10.1007/s10143-018-1002-9.

Henkes H, Bose A, Felber S, et al. Endovascular coil occlusion
of intracranial aneurysms assisted by a novel self-expandable
nitinol microstent ( neuroform) [ J]. Interv Neuroradiol, 2002 ,8
(2):107-119. DOI: 10.1177/159101990200800202.

Heran NS, Song JK, Namba K, et al. The utility of DynaCT in
neuroendovascular procedures [ J ]. AJNR Am J Neuroradiol
2006,27(2) :330-332.

Irie K, Murayama Y, Saguchi T, et al. Dynact soft-tissue
visualization using an angiographic C-arm system: initial clinical
experience in the operating room[ J |. Neurosurgery, 2008 ,62 (3
Suppl 1) :266-272; discussion 272. DOI. 10. 1227/01. neu.
0000317403.23713.92.

Jang IK, Tearney GJ, MacNeill B, et al. In vivo characterization
of coronary atherosclerotic plaque by use of optical coherence
tomography[ J]. Circulation, 2005,111(12) :1551-1555. DOI.
10.1161/01. CIR. 0000159354.43778. 69.

Ughi GJ, Marosfoi MG, King RM, et al. A neurovascular high-
frequency optical coherence tomography system enables in situ
cerebrovascular volumetric microscopy[ J]. Nat Commun, 2020,
11(1):3851. DOI: 10.1038/s41467-020-17702-7.

Yang B, Feng Y, Ma Y, et al.

coherence tomography for intracranial atherosclerotic stenosis:

Frequency-domain optical

feasibility, safety, and preliminary experience [ J ]. Front
Neurol, 2021,12.678443. DOI; 10.3389/fneur. 2021. 678443.
Yan Y, Kaderali Z, Chowdhury T, et al. Feasibility of
intraoperative  MRI for endovascular coiling of intracranial
aneurysms: a single centre experience[ J]. Interv Neuroradiol,
2023,29(5) :520-524. DOI. 10.1177/15910199221100962.

losif C, Camilleri Y, Saleme S,
imaging-detected ischemic lesions associated with flow-diverting

et al. Diffusion-weighted
stents in intracranial aneurysms: safety, potential mechanisms,
clinical outcome, and concerns [ J]. J Neurosurg, 2015, 122
(3):627-636. DOI; 10.3171/2014. 10. JNS132566.

Tosif C, Lecomte JC, Pedrolo-Silveira E, et al. Evaluation of
ischemic lesion prevalence after endovascular treatment of
intracranial aneurysms, as documented by 3-T diffusion-weighted
imaging: a 2-year, single-center cohort study[ J]. J Neurosurg,
2018,128(4) :982-991. DOI: 10.3171/2016. 11. JNS161020.
Wang J, Jia L, Yang X, et al. Outcomes in symptomatic patients
with  vertebrobasilar following
treatment [ J . Front Neurol, 2019,10;610. DOI. 10. 3389/
fneur. 2019. 00610.

P EI S AL Z 5 2, T BN S kR TR i
FEA. v E AR RSN kR 27 8 R 2021 [ ]. A [ g
IR AR ,2021,18(9) :634-664. DOI. 10.3969/j. issn. 1672-
5921.2021.09.008.

Menke J, Larsen J, Kallenberg K. Diagnosing cerebral ane-

dolichoectasia endovascular

urysms by computed tomographic angiography: mela-analysis
[J]. Ann Neurol, 2011,69 (4).646-654. DOI. 10. 1002/
ana. 22270.



T 28 SR 2024 4F 8 A 4 40 855 8 1Y)

Chin J Neurosurg, August 2024, Vol. 40, No. 8 <771 -

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

ZE Ak, RS, T ¥, 5. 3D Slicer =4k 5 1% T # 7 i
PR BN K IEE I B A v g N LD v I R B 48 40 B 2R
2022,27 (8) :646-649. DOI:. 10. 13798/j. issn. 1009-153X.
2022.08.007.

Tang G, Cawley CM, Dion JE, et al. Intraoperative angiography
during aneurysm surgery: a prospective evaluation of efficacy
[J]. T Neurosurg, 2002,96 (6) :993-999. DOI. 10.3171/jns.
2002.96.6.0993.

Tani S, Imamura H, Asai K, et al. Comparison of practical
methods in clinical sites for estimating cerebral blood flow during
balloon test occlusion[ J|. J Neurosurg, 2018,131(5) ; 1430-
1436. DOI: 10.3171/2018.5. JNS18858.

LTE, WO, skEE, % BINSIRESIIEES T
AR R BB 73 A [T A il 45 5 2% 3k, 2019, 16
(1) :6-10. DOI: 10.3969/j. issn. 1672-5921.2019.01. 003.
Raabe A, Beck J, Gerlach R, et al. Near-infrared indocyanine
green video angiography: a new method for intraoperative
assessment of vascular flow [ J]. Neurosurgery, 2003,52 (1) :
132-139; discussion 139. DOI: 10. 1097/00006123-200301000-
00017.

LiJ, Lan Z, He M, et al. Assessment of microscope-integrated
indocyanine green angiography during intracranial aneurysm
surgery; a retrospective study of 120 patients[ J]. Neurol India,
2009,57(4) :453459. DOI: 10.4103/0028-3886. 55607.
S,wiahtnicki W, Szymanski J, Szymafniska A, et al. Intraoperative
fluorescein video angiography in intracranial aneurysm surgery :
single-center, observational cohort study[J]. Acta Neurol Belg,
2021, 121 (6 ). 1487-1493. DOI. 10. 1007/s13760-020-
01365-8.

Malinova V, von Eckardstein K, Rohde V, et al. Neuronavigated
microvascular Doppler sonography for intraoperative monitoring of
blood flow velocity changes during aneurysm surgery - a feasible
monitoring technique[ J]. Clin Neurol Neurosurg, 2015,137 .79-
82. DOI: 10.1016/j. clineuro. 2015.06. 021.

Hostetter J, Miller TR, Gandhi D. Imaging for treated aneurysms
(including clipping, coiling, stents, flow diverters) [ J].
Neuroimaging Clin N Am, 2021,31(2).:251-263. DOI. 10.
1016/j. nic. 2021.01. 003.

Macdonald RL, Wallace MC, Kestle JR. Role of angiography
following aneurysm surgery[ J]. J Neurosurg, 1993,79(6) :826-
832. DOI: 10.3171/jns. 1993.79. 6. 0826.

Foley WD, Stonely T. CT angiography of the lower extremities
[J]. Radiol Clin North Am, 2010,48 (2) :367-396, ix. DOI.
10. 1016/j. rcl. 2010. 02. 008.

Grasso G, Alafaci C, Macdonald RL. Management of aneurysmal
subarachnoid hemorrhage ; state of the art and future perspectives
[J]. Surg Neurol Int, 2017, 8:11. DOI. 10. 4103/2152-
7806. 198738.

Ivanidze J, Sanelli PC. Vasospasm: role of imaging in detection
and monitoring treatment[ J]. Neuroimaging Clin N Am, 2021,
31(2):147-155. DOI; 10.1016/]. nic. 2021.01. 004.

Grieve JP, Stacey R, Moore E, et al. Artefact on MRA following
aneurysm clipping: an in vitro study and prospective comparison
with conventional angiography [ J ]. Neuroradiology, 1999, 41
(9) :680-686. DOI:; 10. 1007/5002340050824.

Kiithn AL, Balami JS, Grunwald 1Q. Current management and
treatment of cerebral vasospasm complicating SAH [ J]. CNS
Neurol Disord Drug Targets, 2013,12(2) :233-241. DOI; 10.
2174/1871527311312020010.

Deb S, Gogos AJ, Drummond KJ, et al. The role of transcranial
Doppler ultrasound monitoring in patients with aneurysmal
subarachnoid haemorrhage[ J]. J Clin Neurosci, 2012,19(7) :
950-955. DOI: 10.1016/j. joen.2011.12.001.

Macdonald RL, Wallace MC, Coyne TJ. The effect of surgery on
the severity of vasospasm[ J]. J Neurosurg, 1994,80 (3) :433-

[118]

(119

[

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

439. DOI:; 10.3171/jns. 1994.80. 3. 0433.
Bonow RH, Young CC, Bass DI, et al. Transcranial Doppler
ultrasonography in neurological surgery and neurocritical care
[J]. Neurosurg Focus, 2019,47 (6):E2. DOI; 10. 3171/
2019.9. FOCUS19611.

Kim HJ, Yoon DY, Kim ES, et al. 256-row multislice CT
angiography in the postoperative evaluation of cerebral aneurysms
treated with titanium clips: using three-dimensional rotational
angiography as the standard of reference[ J]. Eur Radiol, 2020,
30(4) :2152-2160. DOI: 10.1007/s00330-019-06560-7.

van der Schaaf I, van Leeuwen M, Vlassenbroek A, et al.
Minimizing clip artifacts in multi CT angiography of clipped
patients[ J]. AJNR Am J Neuroradiol, 2006,27 (1) :60-66.
Bier G, Bongers MN, Hempel JM, et al. Follow-up CT and CT
angiography after intracranial aneurysm clipping and coiling-
improved image quality by iterative metal artifact reduction[ J].
Neuroradiology , 2017 ,59(7) :649-654. DOI. 10. 1007/500234-
017-1855-6.

Wuest W, May MS, Brand M, et al. Improved image quality in
head and neck CT using a 3D iterative approach to reduce metal
artifact[ J . AJNR Am J Neuroradiol, 2015,36 (10): 1988-
1993. DOI: 10.3174/ajnr. A4386.

Rost NS, Brodimann A, Pase MP, et al. Post-stroke cognitive
impairment and dementia[ J]. Circ Res, 2022,130(8) ;1252-
1271. DOI. 10.1161/CIRCRESAHA. 122.319951.
Aubertin M, Jourdaine C, Thépenier C, et al.

watchful waiting of unruptured intracranial aneurysms in a

Results of

Western patient population; a single-center cohort [ J]. J
Neurointerv Surg, 2022,14 (11):1102-1106. DOI. 10. 1136/
neurintsurg-2021-018151.

Weng JC, Wang J, Li H, et al. Aspirin and growth of small
unruptured intracranial aneurysm: results of a prospective cohort
study[J]. Stroke, 2020,51(10) :3045-3054. DOI. 10. 1161/
STROKEAHA. 120. 029967.

Geng J, Wang Y, Ji Z, et al. Advantages of 3D registration
technology ( 3DRT )
intracranial aneurysm follow-up: a novel method to judge
aneurysm growth [ J ]. J Neuroradiol, 2023,50 (2) :209-216.
DOI: 10.1016/j. neurad. 2022. 08. 004.

Naggara ON, White PM, Guilbert F, et al. Endovascular treatment

of intracranial unruptured aneurysms: systematic review and meta-

in clinical application of unruptured

analysis of the literature on safety and efficacy [ J]. Radiology,
2010,256(3) :887-897. DOI: 10. 1148/radiol. 10091982.
Schaafsma JD, Koffijberg H, Buskens E, et al. Cost-
effectiveness of magnetic resonance angiography versus intra-
arterial digital subtraction angiography to follow-up patients with
coiled intracranial aneurysms[ J]. Stroke, 2010,41(8) ;1736-
1742. DOI. 10.1161/STROKEAHA. 110. 585083.
Xiang S, Fan F, Hu P, et al. The sensitivity and specificity of
TOF-MRA compared with DSA in the follow-up of treated
intracranial aneurysms[ J]. J Neurointerv Surg, 2021,13(12) .
1172-1179. DOI: 10. 1136/ neurintsurg-2020-016788.
Jiang L, He ZH, Zhang XD, et al. Value of noninvasive imaging
in follow-up of intracranial aneurysm[ J]. Acta Neurochir Suppl,
2011,110(Pt2) .227-232. DOI. 10. 1007/978-3-7091-0356-2_
41.
Dehdashti AR, Binaghi S, Uske A, et al.

multislice computerized tomography angiography and digital

Comparison of

subtraction angiography in the postoperative evaluation of patients
with clipped aneurysms|[ J]. J Neurosurg, 2006,104 (3) :395-
403. DOI: 10.3171/jns.2006. 104. 3. 395.

ZEMS, TERH. W5 R 0L R AL A5 YR YT A B KR
BEVT RN PR RE [T ] AR 22 MR 2 5, 2022,38 (12) ¢
1285-1288. DOI: 10.3760/cma. j. cn112050-20211218-00597.
Tan S, Lu Y, Li B, et al. Diagnostic performance of silent



=772 -

[134]

[135]

[136]

[137]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

RAER 2 AR 2 2024 4E 8 A5 40 %5 8 ] Chin J Neurosurg, August 2024, Vol. 40, No. 8

magnetic resonance angiography for endovascularly-treated
intracranial aneurysm follow-up: a prospective study [ J]. J
Neurointerv Surg, 2023, 15 (6):608-613. DOI. 10. 1136/
neurintsurg-2022-018726.

Pierot L, Costalat V, Moret J, et al. Safety and efficacy of
aneurysm treatment with WEB: results of the WEBCAST study
[J]. J Neurosurg, 2016,124(5) :1250-1256. DOI. 10.3171/
2015.2. JNS142634.

Pierot L, Gubucz I, Buhk JH, et al. Safety and efficacy of
aneurysm treatment with the WEB: results of the WEBCAST 2
study[ J]. AJNR Am J Neuroradiol, 2017,38(6) ;1151-1155.
DOI: 10.3174/ajnr. A5178.

Pierot L, Szikora I, Barreau X, et al. Aneurysm treatment with
the Woven EndoBridge ( WEB ) device in the combined
population of two prospective, multicenter series: 5-year follow-
up[J]. J Neurointerv Surg, 2023,15(6) :552-557. DOI. 10.
1136/ neurintsurg-2021-018414.

Ozpeynirci Y, Braun M, Schmitz B. CT Angiography in
occlusion assessment of intracranial aneurysms treated with the
WEB device[ J]. J Neuroimaging, 2019,29(4) :481-486. DOI .
10.1111/jon. 12622.

Algin O, Yuce G, Koc U, et al. A comparison between the CS-TOF
and the CTA/DSA for WEB device management [ J]. Interv Neuro-
radiol, 2022,28(1) :2942. DOI; 10.1177/15910199211014708.
Saqib R, Wuppalapati S, Sonwalkar H, et al. Can further
subdivision of the Raymond-Roy classification of intracranial
aneurysms be useful in predicting recurrence and need for future
retreatment following endovascular coiling? [ J]. Surg Neurol
Int, 2022,13.170. DOI. 10.25259/SNI_991_2021.

O’kelly CJ, Krings T, Fiorella D, et al. A novel grading scale
for the angiographic assessment of intracranial aneurysms treated
using flow diverting stents [ J ]. Interv Neuroradiol, 2010, 16
(2):133-137. DOI. 10.1177/159101991001600204.
hEEMBSMESRHE S BN AL Z R 2, T
B2 e NGNS XM B A lb e B 2. VAL 3t ) 26
ST A SR P E S R [T ], A 24 R 2R AR, 2022, 38
(5) :433441. DOI; 10.3760/ cma. j. en112050-20220117-00036.
Kamran M, Yarnold J, Grunwald 1Q, et al.

angiographic

Assessment  of
treatment  of
intracranial aneurysms: a new grading schema [ J ].
Neuroradiology , 2011,53(7) :501-508. DOI. 10. 1007/500234-
010-0767-5.

Grunwald 1Q, Kamran M, Corkill RA, et al.

measurement of aneurysm residual after treatment: the SMART

outcomes after flow diversion

Simple

scale for evaluation of intracranial aneurysms treated with flow
diverters[ J]. Acta Neurochir ( Wien), 2012,154 (1) :21-26;
discussion 26. DOI: 10. 1007/s00701-011-1177-0.

Park MS, Mazur MD, Moon K, et al.
grading scale for the evaluation of cerebral aneurysms treated with
flow diversion [ J]. J Neurointerv Surg, 2017,9 (11 ) 1060-
1063. DOI; 10. 1136/ neurintsurg-2016-012688.

Guédon A, Thépenier C, Shotar E, et al. Predictive score for

An outcomes-based

complete occlusion of intracranial aneurysms treated by flow-
diverter stents using machine learning [ J]. J Neurointerv Surg,
2021,13(4) :341-346. DOI: 10. 1136/ neurintsurg-2020-016748.
Kang H, Luo B, Liu J, et al. A novel score for evaluating
cerebral aneurysms treated with flow diversion; 4F-flow diversion
predictive score [ J ]. Ther Adv Neurol Disord, 2021, 14,
17562864211039336. DOI: 10. 1177/17562864211039336.
Caroff J, Mihalea C, Klisch J, et al. Single-layer WEBs:
intrasaccular flow disrupters for aneurysm treatment—feasibility
results from a european study [ J]. AJNR Am ] Neuroradiol,
2015,36(10) :1942-1946. DOI: 10.3174/ajnr. A4369.

Lubicz B, Klisch J, Gauvrit JY, et al. WEB-DL endovascular

treatment of wide-neck bifurcation aneurysms: short- and midterm

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

results in a European study[ J]. AJNR Am J Neuroradiol, 2014,
35(3) :432438. DOI:; 10.3174/ajnr. A3869.

Pierot L, Costalat V, Moret J, et al. Safety and efficacy of
aneurysm treatment with WEB: results of the WEBCAST study
[J]. T Neurosurg, 2016,124(5) :1250-1256. DOI: 10.3171/
2015.2. JNS142634.

Caroff J, Janot K, Soize S, et al. Management of aneurysmal
recurrence after Woven EndoBridge ( WEB) treatment[ J]. J
Neurointerv Surg, 2023,15(10) :939-942. DOI. 10. 1136/jnis-
2022-019645.

Wang S, Summers RM. Machine learning and radiology [ J].
Med Image Anal, 2012,16 (5):933-951. DOI. 10. 1016/j.
media. 2012. 02. 005.

Mensah E, Pringle C, Roberts G, et al. Deep learning in the
cerebrovascular
diseases: a review of the current literature [ J ]. World
Neurosurg, 2022,161:3945. DOI:; 10.1016/j. wneu. 2022. 02.
006.

Yang J, Xie M, Hu C, et al.
cerebral aneurysms with CT angiography[J]. Radiology, 2021,
298(1):155-163. DOI: 10. 1148/radiol. 2020192154.

Zheng Y, Xu F, Ren J, et al.
aneurysm rupture based on morphology parameters and anatomical
locations[ J]. J Neurointerv Surg, 2016,8 (12) ; 1240-1246.
DOI; 10. 1136/ neurintsurg-2015-012112.

Jin H, Geng J, Yin Y, et al. Fully automated intracranial

management of intracranial aneurysms and

Deep learning for detecting

Assessment of intracranial

aneurysm detection and segmentation from digital subtraction
angiography series using an end-to-end spatiotemporal deep
neural network [ J]. J Neurointerv Surg, 2020,12(10) ;1023-
1027. DOI; 10. 1136/ neurintsurg-2020-015824.

Ueda D, Yamamoto A, Nishimori M, et al. Deep learning for
MR angiography : automated detection of cerebral aneurysms|[ J].
Radiology, 2019, 290 (1 ). 187-194. DOI. 10. 1148/
radiol. 2018180901.

Lang S, Hoelter P, Schmidt M, et al. Artificial intelligence-
based 3D angiography for visualization of complex cerebrovascular
pathologies[ J . AJNR Am J Neuroradiol, 2021,42(10) :1762-
1768. DOI. 10.3174/ajnr. A7252.

Ghosh S,

morphologic and demographic features of intracranial aneurysms

Dey S, Tjoumakaris S, et al. Association of
with their rupture; a retrospective analysis[ J]. Acta Neurochir
Suppl, 2013,115:275-278. DOL. 10. 1007/978-3-7091-1192-5
_48.

Hernandez M, Frangi AF. Non-parametric geodesic active
method and evaluation for cerebral aneurysms
segmentation in 3DRA and CTA[J]. Med Image Anal, 2007 ,11
(3):224-241. DOI. 10. 1016/j. media. 2007. 01. 002.
Larrabide I, Villa-Uriol MC, Cardenes R, et al. AngiolLab--a

software tool for

regions ;

morphological ~analysis and endovascular
treatment planning of intracranial aneurysms [ J ]. Comput
Methods Programs Biomed, 2012,108 (2) :806-819. DOI. 10.
1016/j. empb. 2012. 05. 006.

Balakrishnan G, Zhao A, Sabuncu MR, et al. VoxelMorph: a
learning framework for deformable medical image registration
[J]. IEEE Trans Med Imaging, 2019. DOI. 10. 1109/ tmi.
2019.2897538.

Geng J, Wang Y, Ji Z, et al. Advantages of 3D registration
technology ( 3DRT )
intracranial aneurysm follow-up: a novel method to judge
aneurysm growth [ J]. J Neuroradiol, 2023 Mar;50(2) :209-216
DOI:10. 1016/j. neurad. 2022. 08. 004.

Silva MA | Patel J, Kavouridis V, et al. Machine learning models

in clinical application of unruptured

can detect aneurysm rupture and identify clinical features
associated with rupture [ J]. World Neurosurg, 2019, 131 ; e46-
e51. DOI: 10.1016/j. wneu. 2019. 06.231.



PRI AR e 2024 4E 8 H 4540 555 8 ] Chin J Neurosurg, August 2024, Vol. 40, No. 8

<773 -

[164]

[165]

[166]

[167]

[168]

[169]

Liu Q, Jiang P, Jiang Y
using a machine learning model based on pyradiomics-derived
morphological features[ J]. Stroke, 2019,50 (9) :2314-2321.
DOI:; 10.1161/STROKEAHA. 119.025777.

Wang Y, Yang X, Zhu W, et al.
preoperative simulation of flow diverters in clinical cases|[J].
Interv Neuroradiol, 2023, 29 ( 5). 510-519. DOI. 10.
1177/15910199221097264.

Mantilla D, Ferreira-Prada CA, Galvis M, et al. Clinical impact

of Sim & Size ® simulation software in the treatment of patients

, et al. Prediction of aneurysm stability

Verification of software-based

with cerebral aneurysms with flow-diverter Pipeline stents[ J ].
Interv Neuroradiol, 2023, 29 (1 ). 47-55. DOI. 10.
1177/15910199211068668.

Regli L, Dehdashti AR, Uske A,
compared with surgical clipping for the treatment of unruptured

et al. Endovascular coiling
middle cerebral artery aneurysms: an update[ J]. Acta Neurochir
Suppl, 2002,82:4146. DOI: 10. 1007/978-3-7091-6736-6_8.
XUAL, JKEEHT, A4, . FII 3D FTENEAG B i 54 48
ﬁﬁf#ﬁﬂ\]ﬁﬂiﬂ%ﬁ)\ﬁ%ﬂiﬂ‘ﬂﬁﬁﬁﬁ[J A 2 45 50
Bl T 24 75,2019, 5 (5) : 284-288. DOI: 10. 3877/cma. j.
issn. 2095-9141.2019. 05. 007.

Ohshima T, Nagano Y, Miyachi S. A novel technique of
microcatheter shaping using real image display for endovascular

[170]

[171]

[172]

[173]

aneurysmal coil embolization[ J]. Asian J Neurosurg, 2021, 16
(3) :645-647. DOI. 10.4103/ajns. AJNS_90_21.

Namba K, Higaki A, Kaneko N, et al. Microcatheter shaping for
intracranial aneurysm coiling using the 3-dimensional printing
rapid prototyping technology: preliminary result in the first 10
consecutive cases [ J]. World Neurosurg, 2015,84 (1):178-
186. DOI: 10.1016/j. wneu. 2015.03. 006.

Yang H, Ni W, Xu L,
shaping for intracranial aneurysm embolization ;

et al. Computer-assisted microcatheter
evaluation of
safety and efficacy in a multicenter randomized controlled trial
[T]. J Neurointerv Surg, 2024,16 (2):177-182. DOI. 10.
1136/jnis-2023-020104.
Liu C, Shen Y, Wu X,
microcatheter shaping for intracranial aneurysm coiling: a
preliminary study[ J]. Ann Vasc Surg, 2022,85:228-236. DOI;
10. 1016/j. avsg. 2022.03. 013.

YRANSC, WIMG, N, 5. RHTE REAL B AT BB B R
A B0 P A A T L Bl R R A ZE R B 2 A AT R AT S [T ]
F ] i 459 2 75,2023 ,20 (7 ) 441448, DOI: 10.3969/j.
issn. 1672-5921.2023. 07. 002.

(ki :2024 - 04 -30  &01:2024 - 06 - 06)

(AR ST - 5k )

et al. Artificial intelligence-assisted

U T LE

ARIE

1T RIS SR 238D

ZIFAMAT AT S i

b R A R AR
WG RIS 1T B

ERE( ) Ny -

H

R RTERAR AR, HAERUE T

ST U TP 2RI SR, D5 (A 8 R 2 5 o 0 e o DR A R AR IR 1

?}J\I—{EE

P A 22 S J 2 43R

A=)

AR A RS+ zhsjwkez





