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ABSTRACT Objective: To investigate the relationship between serum interleukin-6 (IL-6), homocysteine (Hcy) and soluble
Fms-like tyrosine kinase 1 (sFlt-1) and cerebral vasospasm (CVS) after clipping operation in patients with intracranial aneurysms (IAs).
Methods: 185 patients who underwent intracranial aneurysm clipping operation in the Affiliated Hospital of Xuzhou Medical University
from July 2021 to July 2023 were selected as research objects, patients were divided into non-CVS group and CVS group according to
the occurrence of CVS after operation. The levels of IL-6, Hcy and sFlt-1 were detected by enzyme-linked immunosorbent assay. The risk
factors of CVS after IAs clipping operation were analyzed by multivariate Logistic regression, the predictive value of serum IL-6, Hey
and sFlt-1 for CVS after IAs clipping operation were analyzed by receiver operating characteristic (ROC) curve. Results: 43 patients had
CVS after IAs clipping operation, and the incidence of CVS was 23.24%. The levels of serum IL-6, Hcy and sFlt-1 in CVS group were
significantly higher than those in non-CVS group (all P<0.05). Multivariate Logistic regression analysis showed that elevated serum IL-6,
Hcy and sFlt-1, Hunt-Hess grade II-11I, large aneurysm diameter and subarachnoid hemorrhage times= 2 were independent risk factors
for CVS after IAs clipping operation (P<0.05). ROC curve results showed that the area under the curve (AUC) of serum IL-6, Hcy and
sFlt-1 in predicting CVS after IAs clipping operation was 0.939, which was higher than 0.768, 0.825 and 0.826 predicted by serum IL-6,
Hcy and sFlt-1 alone. Conclusion: The levels of serum IL-6, Hcy and sFlt-1 in patients with CVS after IAs clipping operation are
significantly increase, and they are independent risk factors for postoperative CVS. The combine detection of serum IL-6, Hcy and sFlt-1
has a high predictive value for CVS after IAs clipping operation.
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151 N 3l ik 88 (Intracranial aneurysms, IAs ) MR 3/ ik , it
Nl K BEN ) ol ok 7 S TAs AR B 24 oAy, PEE 1
FRBFAEATLRN, MNIAARSE 1As I FBIRITT Tz —,
A R R S AT S ARIRYT IS R G R AR i A
225 (cerebral vasospasm, CVS ), X505 A I R 16T FIFIUS FEE
FEHE R A, B LS 1S Y R (digital subtraction an-
giography, DSA )JE12 W CVS WA 34 bnife (B H & T —fM A
A Ir X, BE R R RARY FE G R0 R, T
IR BRI R TP AR AR, wENIG RT CVS 1 &
AR . INE H 402 -6 (interleukin-6,IL-6 ) & —Fili
HEEF, 5 CVS MEA K RAFAEFYIERY, [FHE R
(Homocysteine, Hey ) J&=—F & LA i3 05 108055 PR, R 3E
A2 FE P P 20 K I A8 R P 45 AR S 50 ok oG AR et A T 5| A 4T Y
SIS N REZR TS , e F BN R IR B 1As, B
Hey 518 W & MRT-FE—EBR R, AligiF CVS ik
AT TR Fms BERS Z BRI ES 1 (soluble Fms-like tyrosine ki-
nase 1,sFlt-1) &) X K 22 B i T 14 5 A 7 1 1 400 i A
FL AR A R DR T A RE TS 5 CVS Ik
A KRS (B H AT ILTE IL-6 Hey Al sFlt-1 5 1As Je AR5 %
HECVS BSCR MR, Tk, AW 4T IL-6 Hey Fl
sFIt-1 7 TAs JRF AR JG KA CVS i3k 5 R T A
fl, BAIRIK IAs ARG &4 CVS BilEKEI2E MG
BEERAE S

I FREF ik

1.1 —fg&EH

PEHR 2021 4F 7 H & 2023 4F 7 H FHRMERR 2= HE B
BetT 1As JeFAIAR MY 185 ] B E R xd &, Ford i
101 Btk 84 65 Bhlk o B 4% 35 s 7 Sh ke 40 71
BN BNIKIE 52 TG 2 B kI AN 58 )5 S ke s AR IR Y
27~78 %, F-14(50.34+5.89) % . N ANRUE: (1)E /il CT Fl
DSA SEHRATH112 R 1As, B R RN ; (2)¥3E3Z 1As ARG
I7, BN E TR G)IRIKRER 83 . HEBRFRHE : (D ARFT R A
CVS; (2) A I o0 I A9 5 (3) & IF 2tk 8 PRk ; (4)

PR RIS, FEAE N AN 5 (5)FETE TAs Je P ARZE 2E (3
JocRa e 4 I F ™ 4 B e A ) . AR 4
e BERL Ko B B B (R B2 B 2 o A Mo
1.2 ik
1.2.1 IL-6 Hey.sFlt-1 K E#&M  BEABREKHBREH
ARZETF, FEUREK I 8 mL, R B LHLCELL AR =12em F%
#3300 r/min  FFAE] 10 min ) 58 B OHRAE , 43246 12 I RE
BT -80CHBENIRTE . R BRI G328 W B2 4 ) IL-6 \Hey |
sFlt-1 7K 3R & A B TTSERHE A IR ], B4k Bk
e B U I 8 B R o
122 CVSZHR® AR BERPURE KA A, [F B 7EHERR
o LA T ZE L A AT BE T L AR S IR 4 Rk R (AR
LRI ()R ARMIURE PR A R AR, S
BLS-X8) MLtk js , W] % 3R H 20 Bk it 3 9 32 e {1 >
200 cm/s FI (B ) -3 > 120 cm/s, BN L& )5 , @R
BB , FTRRCR IG IE R2E . ARYE R F RS &4 CVS
T4y R3AE CVS 21T CVS 4,
123 IaRERGE  WEIA BE R PR RE S ik
Ws . R . RS A B R BRSO
Hunt-Hess 434% 2 kIR BLAR R I B i 3 1 vk B9k
1.3 Fit¥HE

K FH SPSS26.0 #R A4 AL FRER , T BORL AT IEA T 2555
PRS0 BAAR R A B0, R (vts ) 3R, 411 HE AR H
ML FEAR ¢ K5 5 THEUERE R %R ¢ K8 s RITZ &R
Logistic [11I5534T 1As e AIA 5 & 4= CVS W52 2 5 R 2
i H TAE4E (Receiver operating characteristic, ROC ) i & 27
M.7E IL-6 Hey Fil sFlt-1 %F 1As & AR JG & 4= CVS B F0 4
{H, Lk P<<0.05 Ry 2 A7 Geit2E i L.

2 BR

2.1 CVS 2#ndE CVS A& IL-6,Hey 1 sFlt-1 K ExFEL

As Je IR 5 2L 43 il 3 k4 CVS,CVS BRA RNy
23.24%(43/185), 5k CVS AL, CVS 4 IfiLi IL-6 Hey A
sFlt-1 7K F-347BH 2 7 5, 4 B % Fb A7 78 i 3 25 57 (3 P<<0.05),
W1,

% 1 CVS AFn3E CVS Al iF IL-6,Hey #A sFlt-1 7k F3FEE
Table 1 Comparison of serum IL-6, Hcy and sFlt-1 levels between CVS group and non-CVS group

Groups IL-6( pg/mL) Hey( wmol/L) sFlt-1( pg/L)
Non-CVS group(n=142) 16.03+3.52 11.15+2.89 128.96+7.26
CVS group(n=43) 27.28+4.19 19.39+2.77 268.91+19.82

t -17.541 -16.535 -70.309

P <0.001 <0.001 <0.001

2.2 1As ek 4% CVS B EES

PR ARIEE R IR 5E CVS 4L, CVS 411 ifi 4%
FEPUH A7 b Hunt-Hess 43284 I~ 2% 5 LY 3h ios A& 1k )
PR LRz 2 B TR (P<0.05);CVS 41 AIdE CVS 41

AR AR S B kR o A I PR R HTE B 25 5 (3
P>0.05), W3 2,

2.3 & E%E Logistic BlIHA# 1As EHAREE & CVS HiEH
FSES
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Table 2 Univariate analysis of CVS after IAs clipping operation

Factors Non-CVS group(n=142) CVS group(n=43) t/y? P
Age (years) 50.11+5.96 51.12+5.65 -0.985 0.326
Gender [n(%)] 0.749 0.387
Male 80(56.34) 21(48.84)
Female 62(43.66) 22(51.16)
History of smoking [n(%)] 1.117 0.291
Yes 83(58.45) 29(67.44)
No 59(41.55) 14(32.56)
History of drinking [n(%)] 0.119 0.730
Yes 85(59.86) 27(62.79)
No 57(40.14) 16(37.21)
Family Egj;:)t)l]c history 0.364 0.547
Yes 49(34.51) 17(39.53)
No 93(65.49) 26(60.47)
Location of the aneurysm
[0)] 0.148 0.701
Middle brain aneurysm 26(18.31) 9(20.93)
Internal carotid aneurysm 32(22.54) 8(18.60)
Anterior communicating
41(28.87) 11(25.58)
aneurysms
Posterior aneurysm 43(30.28) 15(34.88)
Use of calcium-ion
antagonists [n(%)] 19852 =000
Yes 45(31.69) 30(69.77)
No 97(68.31) 13(30.23)
Hunt-Hess grade [n(%)] 11.070 0.001
I grade 63(44.37) 7(16.28)
II~11I grade 79(55.63) 36(83.72)
Aneurysm diameter(mm) 3.06+0.78 6.07+1.03 -24.368 <0.001
Subarachnoid hemorrhage
times [n(%)] 33.401 <<0.001
<2 100(70.42) 9(20.93)
22 42(29.58) 34(79.07)

Hee 1 RIEE 2 vh P<<0.05 85108 AR RE, DL TAs MRS

3 Wi

KM CVSURE R =1, 75 =0)fE A &, 17 £ [ &K Logistics
[ U438 o 25 5% 5 7R I3 IL-6  Hey #01 sFlt-1 F}25 , Hunt-Hess 43
¢ 1T 2% SR ELAR AR OB It 8 2 2 TAs
JEHIAR G KA CVS ST fERE N 3 (P<0.05), W% 3.
24 3% IL-6,Hey 0 sFlt-1 %t 1As EHARBE A CVS FlNME
1% TL-6 Hey il sFlt-1 B6A K0 B TAs I AR S5 % 2
CVS il FIETEL (AUC) 24 0939, #5FILif IL-6 Hey i
sFlt-1 BOplkG N, L% 4 FNiEl 1,

TAs S — 7™ B A I L0, 3 2 Wk IO Js e
ML ZU SR AR SE N e AR X TAs BIRY T Y —
b 255X, AT B AE G K I A e ACAE AR, (EL¥R 7 A
HARJGATHES HBL CVS, CVS J2: fikish ik 574 Wi 45 H B0 K
FIF ) 9 L5 MACA , I P 140 ) i 50 K 2 9 14 B 27 4
Yl b EOAE , PR X R R 2R G s ARG , SR R R A
AR AR ITAE G R XS TAs JEHIAR ST CVS S Az T BE 14 Wt
Thisn AEXF CVS Fi5 ik A Hh ek R O R4 T L, At
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Table 3 Multivariate Logistic regression analysis of risk factors for CVS after IAs clipping operation

Variables Assignment B SE Waldy? OR 95%CI P
IL-6 Original value entry 1.549 0.325 8.661 4.707 2.487~8.907 0.000
Hcey Original value entry 2.078 0.332 9.093 3.988 2.165~7.693 0.000
sFlt-1 Original value entry 1.297 0.323 6.111 3.658 1.942~7.516 0.000
Use of calcium-ion
Yes=1, No=0 -0.519 0.718 7.559 1.463 0.469~7.616 0.216
antagonists
Hunt-Hess grade I grade=0, II~III grade=1 1.671 0.464 12.969 1.548 1.357~1.976 0.001
Aneurysm diameter Original value entry 1.373 0.511 7.219 1.752 1.581~2.103 0.000
Subarachnoid
<2=0, 2 2=1 1.592 0.498 10.219 1.856 1.653~2.196 0.000

hemorrhage times

5 4 ROC #7135 IL-6,Hey #0 sFlt-1 % [As R ARE & & CVS Hilli &
Table 4 ROC analysis of the predictive value of serum IL-6, Hey and sFlt-1 for CVS after IAs clipping operation

Variables AUC 95%ClI Cut off value Sensitivity (%) Specificity (%) Youden index
IL-6 0.768 0.699~0.838 21.56 pg/mL 78.25 64.50 0.428
Hcey 0.825 0.767~0.884 15.11 pmol/L 80.19 68.72 0.489
sFlt-1 0.826 0.766~0.886 189.57 wg/L 81.25 70.05 0.513
Combination 0.939 0.907~0.971 90.50 85.65 0.762
10 B ZHMILIE AL, LR TL-6 23z F& AR IEHLIA & Az S 0E N, 2
—Ls 5 CVS R R,
os} — Lopbsion Hey Jit — Rl AR P9 £ £ B 2 2 iR 19, Kaplan PO9% 31 Hey
AL A8 A R RPN AN U I, , 300 8 1) Sk T R
i T M4 A5 CVS R AR B R . AR LR Tk
£ d CVS 4iAfiLL, CVS 4LIfiLiE Hey /K-35 8w, HIHJE TAs Jefd]
Sl | AJF R CVS BUISL RS . SMHTE Hey A4 B 1 1
/ SRR I, TR 5 T I N B AR B R AR
b )( AL AT UL B RG 5 I/ IR SR A " TR " A A A
J T3 2, AT 500 A8 TP SO T 2 AR, - BRI 2
) 1 1 . . Al 2 Az AR A Hey 38 35 800G s ke | i b 1As J& A
* 00 02 °'1*_spedﬁci§.° o8 1o AJ5 CVS #hFE, MH PR TS, el n RS H 1
[ 1 3% IL-6,Hey 1 sFlt-1 X [As RFAARFEELE CVS Hiillfi{&E ROC PR IS CVS S22
ek sFlt-1 J2 1L N 24 K N7 (Vascular endothelial growth

Fig.1 Predictive value of serum IL-6, Hey and sFlt-1 for CVS after IAs
clipping operation ROC curve

XfBAEATIMGERIN, A 1As SHIARARSF CVS &4
HAEEEME L,

IL-6 = —2K 2116 T 08 / 1 sl Al 20 g v A — 28
Wi F, 5 CVS KA1t F v o B A0 ) A8 Ak A7 A6 5 DTG R 12,
AWGE L BAEFAE CVS UMl EL, CVS 4Ll iE 1L-6 /K- &
B, HIL-6 /KPFEE T1As IR G R AE CVS BBl fa
W&, AHIEE IL-6 AR IS5 b K 2L Th RE &
A —E WIREVE R TAs PR G KA CVS B Kk N 241 i
ZAR SRFC R, SR MR R U, TR T LA
Ak, ST B R WK K AR G e R, 55 A% EL W 4 L T 48 e

factor, VEGF) i PO U MM I 7], 7T Y5 VEGF 55344545, Il
EF MY ARG, RIS N T A R,
VEGF X} T i #% 1t 4, NIRRT VEGF (st i
WY, i CVS IE & 7 A IS PN R AN Y b s g i A
Al UL ARHESE R B RS TAE CVS 41 H, CVS 41 1fiL T
sFlt-1 7K EH B B o w5, H2 TAs SeAR S &4 CVS sy 1o
W2, S HiEE sFIt-1 5 VECF %4 & M h a4 A+
L R DX BRI e, il o R A2 AR 2 4 1 4 R B
VEGF 3 J% 1 14 @ B A, YET 52 VECF 9 A4E BTGP, 3
A MAS R A R 9538 1 ey sl A I 2 BT R M4,
IR sFIt-1 fiff 18 P B 4 AL F— A mi IR R i 3R v, 7
FARIG N R A i EE RIS, 2T CVS ik
Az, HEg AR Ry, sFIt-1 /4 P VEGF 52 44BH W7
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T, TE P BT G A 0 R R a4 T 1E A I, Y
sFIt-1 7K T G , 2548 VEGF (/43005 e e m , 8084 #i )y
BE &S LA sFIt-1 3@ 15 H A2 (A T AT, BT 7 i
AR, BRI A e , N VECs IR P AT, ineE
G I 5995 T A A% , HE TS I CV'S & A KU o

AN ASBFFEA & 31 Hunt-Hess 4325 Sk T-IIT 28 3 kg .
AR AR O JI8E T JE M vk Bz 2 2t TAs Je IR J5 &= CVS
By ST fER: R 2, 4347 S5 PR Hunt-Hess 432% 5 5 1 45 28 28 1 &
AR IEAHOC, X T Hunt-Hess 859055 /51 () [ 35, Hopr 2 T Rg
o™ 2 M AR AR 0 R A R GR 5 B KM AS R T 3 Ik i A
BEHEEIE AR & AR50, (A5 M4 1 N BAR 2 A2k,
Wi 25 Sl hkIR BLAR B 3G, P 2 LAR IR BT 2% 2538 0, Bl 7e I v
YT BE B9 Fe 7 T 0 0 1) A T 5 204 0 R, s )
AR H T I RE b AN ST I A SR T Il A R np b g
KB INE CVS By R AR ; bk BT s i il 25 3 3508 42
JHOAE Sk P T s A R R P BT LT AR 1 36 1M 7 N
S AT AR AT, IR E A, 51 R B R R RS
it C 1EHIG N, P9 B 48 B 5306 1) -0 LR 5t IR 0, 5 L R BB
HIMAEERZE I FLR IR Jis B I 450 22 56 1 A5 B Al ™
., AT TG il R 2R R A #6P, ROC MRS iR , 4
A F I IL-6 Hey 1 sFlt-1 0pk U 1As J2 M) R 5 & 4B
CVS, =F WA T 65 &, #275 M3 IL-6 Hey F1 sFlt-1 Bt
BRI AT VE R RN 1As Je ARG &4 CVS T8z .

Zx LRTiR, 517 IAs R ARG R K E CVS BEM L, kA4
CVS B F Iy IL-6 Hey sFlt-1 KB B, B AR
JaRAE CVS By ek N Z . i IL-6 Hey sFlt-1 BtG kil
X 1As Je ARG & LE CVS A5 B A E .
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