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Influencing factors of aneurysm rupture during intracranial aneurysm clipping and predictive
value of hemodynamic parameters
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[Abstract] Objective To investigate the influencing factors of aneurysm rupture and hemodynamic
parameters . Methods  Retrospective analysis included 96 patients with intracranial aneurysm clipped in
Nanchong Central Hospital Affiliated to North Sichuan Medical College from April 2018 to April 2021, who were
divided into ruptured group (64 cases) and non-ruptured group (32 cases) according to whether the aneurysm
ruptured during the operation. CT angiography modeling was performed for all patients preoperatively, the
difference of hemodynamic parameters between the two groups was compared, the influencing factors of aneurysm

rupture during intracranial aneurysm clipping were analyzed, and the predictive value of hemodynamic parameters
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for aneurysm rupture during intracranial aneurysm clipping was analyzed by ROC curve. Results The patients in
the rupture group were significantly more than those in the non-rupture group (P<0.05). The AR, WSSGA, and
LSAR of the ruptured group were (1.31+0.41) Pa, (11.02+2.86) Pa/m, and (0.33+0.14)% , respectively, which
were higher than those of the unruptured group (1.81+0.42) Pa, (14.60+3.42) Pa/m, and (0.56+0.15)% (P<
0.05) , the NWSSM value (0.90+0.24) was lower than that of the unruptured group (0.59+0.16) (P<0.05), and
the difference was statistically significant. Multivariate Logistic regression analysis showed that age =60 years old,
Hunt-Hess grade ITI-1V, time from onset to operation >3 days, AR, NWSSM and LSAR were all influencing factors
of aneurysm rupture during intracranial aneurysm clipping (P<0.05). In addition, the ROC curve results showed
that the AUCs of NWSSM and LSAR for predicting aneurysm rupture were 0.794 and 0.857, respectively, both of
which had certain accuracy. Conclusion Age, Hunt—Hess grade, onset to operation time, AR, NWSSM and LSAR
values were all influencing factors for aneurysm rupture during intracranial aneurysm clamp operation, and

NWSSM and LSAR values were of good predictive value for aneurysm rupture during intracranial aneurysm clamp

operation.
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Table 1 Univariate analysis of clinical data

I R GEAL Rt 40 (n=32) W4 (n=64) ZI Yl PIH
P 5 18(56.25) 34(53.13) 0.084 0.772
‘e 14(43.75) 30(46.88)
6Dk <60 24(75.00) 23(35.94) 13.026 <0.001
=60 8(25.00) 41(64.06)

Bk E A% /mm <5 14(43.75) 32(50.00) 0.334 0.563
=5 18(56.25) 32(50.00)

Sk & A2 38 B0 kg 14(43.75) 25(39.06) —0.418 0.676
Ji5 3838 Bl ks 10(31.25) 15(23.44)

HoAth o & 13(40.63) 19(29.69)

Hunt—Hess 732 I~114% 25(78.13) 23(35.94) 15.188 <0.001
MI~TV %% 7(21.88) 41(64.06)

R T AR A] <1d 14(43.75) 1(1.56) —3.464 0.001
1~3d 9(28.13) 34(53.13)
>3d 9(28.13) 29(45.31)

IR AE 1o Il 9(28.13) 14(21.88) —0.506 0.613
WEPRI 11(34.38) 18(28.13)

i i A e 6(18.75) 12(18.75)

W A0 s 10(31.25) 20(31.25)
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Table 2 Univariate analysis of morphological and hemodynamic parameters of patients in two groups

Wil AW (n=32) W2 (n=64) fH P

TEEHFSH BhIKIE e A% /mm 13.018.17 10.46+5.68 1.783  0.078
N R ET 9.81+3.17 9.29+4.09 0.630  0.530
IR 2 8 FE /mm 7.24+4.52 7.72+3.73 0.553  0.581
A 3 B /mm 10.66%5.37 9.92+6.10 0582  0.562
ARTH 1.31+0.41 1.81+0.42 5452 <0.001

MFEsh 2= S50 PA/Pa 2912+648 2985+689 0472 0.639
PM/Pa 42851210 4596+1165 1.142 0257
NPA 0.670.21 0.650.13 0.574  0.567
NPM 1.1120.36 1.10£0.34 0.133  0.894
WSSA/Pa 2.48+1.50 2.82+1.42 1.085  0.281
WSSM/Pa 4.15+2.48 4.2022.04 0.105 0916
NWSSA 0.38+0.22 0.3420.19 0922  0.359
NWSSM 0.90+0.24 0.59+0.16 7530  <0.001
WSSGA/(Pa/m) 11.02+2.86 14.60+3.42 5.094  <0.001
LSAR/% 0.330.14 0.5620.15 7.238  <0.001

R3  EUNBNRKIE A AR F BBk B B Logistic 1135347

Table 3 Logistic regression analysis of aneurysm rupture during intracranial aneurysm clipping

EESISE B SE  Wad HMHE PHE Exp(B) 95% CI

R =60 % 2.115  0.640 10915 1 0.001 8.287 2.364~29.058
Hunt—Hess [T~V 2% 2400  0.661 13.197 1 <0.001 11.025 3.020~40.25
RIRETAREAE>3 d 1466  0.441 11.052 1 0.001 4334 1.826~10.288
ARTH 6.197 1490 17.298 1 <0.001 49137 26.491~9114.122
NWSSM —14.954 3928 14.495 1 <0.001 0.000 0~0.001
WSSGA 0.144  0.102 1979 1 0.160 1.154 0.945~1.410
LSAR 9962 2776 12.88 1 <0.001 21199.854  91.960~4887266.567
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Table 4 Predictive value of hemodynamic parameters for aneurysm rupture

RITE  AUC PR BRSSP o B o somgen muRiE S
WA VAL N TI?E{E J:IEETE s 1] DT TER ninds-4 S
NWSSM 0.794  0.049 <0.001 0.698 0.889 0.855 0.531 100 53.1

LSAR 0.857  0.041 <0.001 0.776  0.937 0.395 0.593 90.6 68.7
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Figure 2 ROC curve for LSAR aneurysm rupture

prediction

Xk RIS, WSS BT, 2l ko il 2 XU
o LSAR T BRI ML I -5 M4 = o] iy BE 482, 5 )
ok gRa M 8 AR I S LA T S B VA oG o AR
o B R A AR WSSGA | LSAR & T R i %4
ZH , NWSSM {E AR T A B 2441 ; B340 4 2R, AR{H
NWSSM Kz LSAR $4)2 fisi P4 2y kg e P A vh 2 Jikoie 1
AR R, 5 ROCHIZ /R, NWSSM  LSAR i
B B R 240 AUC 43514 0.794 ,0.857 . iﬂ*%?z‘%
7, B KIRETE 25 2 J ML 80 12 5 3l ke 1o 24 2%
H%EmmmﬁM%AWﬁ$ﬁ%@ﬁ&ﬂﬁ—
E TN E

AF % Hunt—Hess 73 2% . &9 2 F AR BFE AR,
NWSSM S LSAR {EL¥5 A i 3 2l ik Jed & AL AR vh 3 bk Jgd
W ZLE 520 R 25, H NWSSM A2 LSAR {E %A o 3 ik
AWM R Ao FEF LA R 2 FEXT 3
bk 9eg S8 AT B KR e PRI, B A DA S R A
R IUATHEA 307, BT AR o 0 ok Gl 1 i
B BRARAR h Sl ko B 24 AR . ASBIFSEA A RE AR
/N AA R 20T KA ST A 5

4 SEXH

[1] 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

2019, 40 (12) : 2117-2123. DOI: 10.3174/ajnr.

Neuroradiol ,

A6312.

(2]

(4]

(8]

[10]

[14]

LEE H S,KIM M,PARK J C,et al. Clinical features of ischemic
complications after unruptured middle cerebral artery aneurysm
clipping: patients and radiologically related fa(:lurs[]].Neumsurg
Rev, 2021, 44(5) : 2819-2829.DOI: 10.1007/s10143-021-
01475-8.

LIU Q,WU J,LI M, et al. Major intraoperative aneurysm rupture
may increase the risk of cerebral infarction following surgical
clipping of unruptured intracranial aneurysms[J].J Clin Neurosci,
2020,82(Pt A):56-62.DO1: 10.1016/j.jocn.2020.10.029.

INCI S, KARAKAYA D.

Surgical Experience and the Rate of Intraoperative Rupture in a

Intraoperative Aneurysm Rupture:

Series of 1000 Aneurysms Operated on by a Single Neurosurgeon.
[J].World Neurosurg, 2021, 149: e415-e426.D01: 10.1016/j.
wneu.2021.02.008.

BRARAS LI, AU T LA Sl VO I P A v 2l ke e 284 1) 1
DRI 3 A7 L0 . Bl v 22 S0 2% 75 2020, 25(3) - 149-151.
DOLI:10.13798/j.issn.1009-153X.2020.03.007.

TR 2. RIS HE g (28R 00 (2012 ) (M. AE
A AR A, 2013:68.

BURKHARDT J K, WINKLER E A, WELLER ], et al. Early
versus Delayed Microsurgical Clipping of Additional Unruptured
Aneurysms  in with  Aneurysmal  Subarachnoid
Hemorrhage [J1.World Neurosurg, 2020, 142: e233—-237. DOI:
10.1016/j.wneu.2020.06.186.

AKTHAM A, ABDULAZEEZ M M, HOZ S S. Surgical

Intervention of Intracerebral Hematoma Caused by Ruptured

Patients

Middle Cerebral Artery Aneurysm in Neurosurgery Teaching
Hospital , Baghdad, Iraq[J ].Neurol India, 2020, 68 (1) : 124-131.
DOI: 10.4103/0028-3886.279677.
JIANG C, LUAN D, WANG C, et al. Risk and Prognostic Factors
for Rupture of Intracranial Aneurysms During Endovascular
Embolization [ J ].World Neurosurg, 2019 , 129: e641-e649. DOI:
10.1016/j.wneu.2019.05.233.

KIMURA H, OSAKI S, HAYASHI K, et al. Newly Identified
Hemodynamic Parameter to Predict Thin-Walled Regions of
Unruptured Cerebral Aneurysms Using Computational Fluid
Dynamics Analysis[J].World Neurosurg, 2021, 152 ¢377-¢386.
DOI: 10.1016/j.wneu.2021.05.107.

FUKUDA S, SHIMOGONYA Y, YONEMOTO N. CFD ABO
Study Group. Differences in Cerebral Aneurysm Rupture Rate
According to Arterial Anatomies Depend on the Hemodynamic
Environment. [J].AJNR Am ] Neuroradiol, 2019, 40 (5) :
834-839. DOI: 10.3174/ajnr.A6030.

e, G0, KT I B 2= AL 50 1 25 S O e P A iy
Iy IR A5 2R A T 8 L ], o T SR 2 A 2 L 2020,
23(19):1691-1696.DOI: 10.12083/SYS].2020.18.011.

HAN P, JIN D, WEI W, et al.

hemodynamic parameters on rupture of intracranial aneurysm:

The prognostic effects of

A systematic review and meta—analysis.[J ].Int J Surg,2021,86:
15-23. DOI: 10.1016/.ijsu.2020.12.012.

LV N, KARMONIK C, CHEN
Hemodynamics, and Morphology in Unruptured Intracranial
Aneurysms with High Rupture Risk[J].Transl Stroke Res,2020,
11(5):882-889. DOI: 10.1007/s12975-020-00782-4.

S, et al. Wall Enhancement,





