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[ Abstract ] Objective  To discuss the relationship between serum leukotriene B4 (LTB4), human cartilage
glycoprotein (YKL-40), matrix metalloproteinase-3 (MMP-3) and postoperative cerebrovascular spasm (CVS) in patients with
intracranial aneurysms (IAs) undergoing interventional embolization. Methods A total of 122 patients diagnosed with 1As
were admitted to the Department of Neurology of the 920th Hospital of the Joint Logistics Support Force of the Chinese Peo-
ple' s Liberation Army from January 2023 to March 2025 and were included in the IAs group. Based on whether CVS oc-
curred, they were divided into CVS subgroups and non-CVS subgroups. A total of 100 healthy individuals who underwent
physical examinations at the hospital during the same period were included in the healthy control group. ELISA assay for ser-
um LTB4, YKL-40, and MMP-3 levels. Compare serum LTB4, YKL-40, and MMP-3 levels between subjects; Record the inci-
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dence of CVS in IA patients after surgery; Multifactorial logistic regression analysis of factors influencing the occurrence of
CVS after surgery in patients with IAs; ROC curve analysis of the predictive value of serum LTB4, YKL-40, and MMP-3 lev-
els for the occurrence of CVS after surgery in patients with IAs; Relative risk analysis of the effects of different LTB4,
YKL-40, and MMP-3 levels on the occurrence of postoperative CVS in IAs patients. Results The serum levels of LTB4,
YKL-40, and MMP-3 in the [As group were higher than those in the healthy control group (#/P=27.101,32.638,12.340, respec-
tively; all P<0.001). The serum levels of LTB4, YKL-40, and MMP-3 were significantly higher in the CVS subgroup than in
the non-CVS subgroup (¢/P=5.078, 5.847, 5.030, respectively; all P<0.001). The incidence of CVS in IAs patients after
surgery was 32.79% . Elevated serum levels of LTB4, YKL-40, and MMP-3 are all risk factors for the occurrence of CVS after
surgery in IAs patients [ OR(95% CI) =6.781(3.388-13.571),7.332(3.315-16.217),7.662(3.754-15.638) ] . The AUC values
for predicting the occurrence of CVS in IAs patients postoperatively were 0.732, 0.786, 0.816, and 0.904 for serum LTB4,
YKL-40, MMP-3 levels, and the combination of the three, respectively. The combined prediction was superior to the individual
predictions (£=3.492,2.903,2.312;P=0.001,0.004,0.021).Patients with high levels of serum LTB4, YKL-40, and MMP-3 had a
risk of CVS that was 4.272 times, 3.141 times, and 2.478 times higher than patients with low levels, respectively. Conclusion

Serum LTB4, YKL-40, and MMP-3 are elevated in patients with CVS after IAs surgery. The combination of serum LTB4,
YKL-40, and MMP-3 has high value in predicting postoperative CVS in patients with [As.

[ Key words] Intracranial aneurysms; Interventional embolization; Cerebrovascular spasm; Leukotriene B4; Human

cartilage glycoprotein-40; Matrix metalloproteinase-3; Correlation
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g iy (H— B, ] BO™ H Y IF KRR, Ak BT
R, A AR ZEAR N — R ANRIT R TR
I R B I R TR LA TR 5 BN HLREAS HE
ENE S ARJE MR 4S5 2E ( cerebrovascular spasm, CVS)
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(ROC) FhEL TR 1As A~ AR ZEAR 5 B KA CVS 11
WA 5 A X & B8 B 20 7 AS [5] LTB4 | YKL-40 . MMP-3 7K
PR TAs JBE ARG CVS KAEMFE, P<0.05 KRR 2
SAEGIHEX,

2 F R

2.1 2 #HIL3% LTB4 YKL-40 MMP-3 /K- HbAs S
BN HRZH 14 TAs 4L LTB4 . YKL-40 MMP-3 /KF
e (P<0.01) , L 1,

R XIS TAs 1LV LTB4 YKL-40 ,MMP-3 /K- [t
B (xss)
Tab.1 Comparison of serum LTB4, YKIL.-40, and MMP-3 levels

between healthy control group and TAs group

4 B BB LTB4(ng/L)  YKL-40(ug/L) MMP-3(pg/L)
RN BEZH 100 25.43+5.21 12.35+2.37 45.35+9.54
TAs 2 122 55.70+10.12 38.92+7.85 63.01x11.41
RN 27.104 32.638 12.340
P1H <0.001 <0.001 <0.001

2.2 2 W4 1As SBEIGIRTORILES  TAs 5 122 f]
HR L CVS 40 B, KA %R 32.79% ., CVS WA 54E
CVS WA ImIRFE R LB, 2R K&t E L (P>
0.05), L% 2,

2.3 24 TAs & [ML7% LTB4  YKL-40 MMP-3 7K
b 549E CVS W4 L #se, CVS 2 41 If 3% LTB4
YKL-40 MMP-3 /K V-3 715 (P<0.01) , W3 3,

2.4 ZHZE Logistic MIEH4HT 1As BE ARG CVS KA
PR R DL IAs BE ARG CVS KA 72 & (IR
fH. A1 /07, KL B g5 Hd P<0.05 T H
(CSEMMEACA) S A A2 &5 4T 2 &R Logistic [B11H 43
BT, 4559 B, 5 LTB4 \ YKL-40 MMP-3 7K -5 34 &
IAs BE ARG CVS KA Mfak: H 2 (P<0.01) , I3k 4,
2.5 Ifi{E LTB4 YKL-40 MMP-3 /K-l 1As H# AR
JG CVS KAERME 22l LTB4 | YKL-40 ,MMP-3
KT 1As B ARG CVS K4 ROC 4k, IFit5a
LT (AUC), 45 3 R, I % LTB4 ., YKL-40
MMP-3 /K- e = F A T 1As EARJE CVS &4

1 AUC 435918 0.732.0.786 .0.816 .0.904, = F W41
T4 [ Bl i M 5 ( Z/P = 3.492/0. 001 . 2. 903/
0.004 2.312/0.021) , WLE 5, & 1,

F2 CVSILAHIE CVS WAL 1As [BH IR TORHLEE
Tab.2  Comparison of clinical data between CVS subgroup and

non-CVS subgroup

5 H FOE AL VS et pi

PRI B %) ] P 48(58.54)  24(60.00) 0.024 0.877
4 34(41.46)  16(40.00)

AER (%) ] =60 % 44(53.66)  23(57.50) 0.160 0.689
<60 % 38(46.34)  17(42.50)

WA S [ (%) ] 33(40.24)  18(45.00) 0.250 0.617

P (%) ] 42(51.22)  20(50.00) 0.016 0.899

K L[ (%) ] 18(21.95)  10(25.00) 0.141 0.707

R (%) ] 48(58.54)  24(60.00)  0.024 0.877
KR EF AR (x5 ,h) 24.73+7.08 24.63%6.71

BIORERAL RUSEBNk 26(31.71)  12(30.00)  0.275 0.965
(%) ] JEAZEEk 20(24.39)  11(27.50)
KBk 21(25.61) 9(22.50)
HABFBAL 15(18.29) 8(20.00)

Bl kgg 2 A Bt 52(63.41)  28(70.00) 0.516 0.472
[#1(%) ] Bk 30(36.59)  12(30.00)

ARG MR FIFERE <30 mmHg 54(65.85)  31(77.50)  1.726 0.189
[Bil(%)] =30 mmHg 28(34.15) 9(22.50)

Hunt-Hess 43-%% I~ 60(73.17) 33(82.50) 1.291 0.256
[B1(%)] %% 22(26.83) 7(17.50)

R3 CVS WA AR CVS 4 1As B ML LTB4, YKL-40,
MMP-3 K- EEER (es)
Tab.3 Comparison of serum LTB4, YKL-40, and MMP-3 levels
between CVS subgroup and non-CVS subgroup

49 PIE LTB4(ng/L)  YKL-40(pg/L) MMP-3(pug/L)
FECVS L 82 52.45+10.05 36.01+7.41 59.37+10.87
CVS W4 40 62.36x10.26 44.89+8.76 70.46+12.52
¢t fH 5.078 5.847 5.030
Pl <0.001 <0.001 <0.001

F 4 ZHE Logistic FIHMHT 1As IBFH ARG CVS KA1
FSES
Tab.4 Multivariate Logistic regression analysis of factors influen-
cing the occurrence of CVS after surgery in patients
with TAs
H Az BH SEfi Wadfi Pfi ORMH 95%ClI
LTB4 & 1.914 0.354 29.237 <0.001 6.781 3.388~13.571

YKL-40 & 1.992  0.405 24.198 <0.001 7.332 3.315~16.217
MMP-3 & 2.036 0364 31.295 <0.001 7.662 3.754~15.638

2.6 AHXHER AT DL 122 0] TAs JR 3 1M 3% LTB4 .
YKL-40 \MMP-3 7K 5 F-PEAE A 5 BR 53 A 25 7K K
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{RIK S, A0 X £ B B 43 87 87, 1L TS LTB4 , YKL-40 |
MMP-3 57K TAs FRE KA CVS 1 XU 23 531 &K 7K
W E Y 4.272 5 3.141 7% 2.478 15, WK 6,

®£5 I LTB4 , YKL-40 MMP-3 /K -1 TAs B FE ARG CVS
KANE

Tab.5  The predictive value of serum LTB4, YKL-40, and
MMP-3 levels for the occurrence of CVS after surgery in
patients with TAs

& A #wiE  Auc 95%CI  BURE FERE ggg

LTB4 60.09 ng/L.  0.732 0.644~0.808 0.575 0.805 0.380

YKL-40 40.17 pg/L 0.786 0.703~0.855 0.750 0.768 0.518

MMP-3 63.70 ng/L  0.816 0.736~0.881 0.775 0.756 0.531

=ERAG 0.904 0.837~0.950 0.925 0.744 0.669

B 1 Ifii LTB4 YKL-40 MMP-3 /K-F-Hiill 1As B# RJ5 CVS
RAER B E LR

Fig.1 ROC curve of serum LTB4, YKL-40, and MMP-3 levels for
predicting the occurrence of CVS after surgery in IAs pa-

tients

R o MG

Tab.6 Relative risk analysis

AE CVS W4l CVS W4

i [ JiE
i b5 (n=82) (n=40) *??5—{7%2;)&_ L P
LTB4 4.272(2.050~8.902) 21.535 <0.001
K 31 33
K 51 7
YKL-40 3.141(1.771~5.572) 18.239 <0.001
B K 24 28
A 58 12
MMP-3 2.478(1.480~4.151) 10.640 <0.001
K 22 24
A 60 16

3 3 i

TAs JE 5 sl bk 0 RV B 5, 3 28 B0 R Js 35 1L
EREM S 0 R TAR AR B, — R R
A, —HBR, SR LR AR IER
JEIRYT TAs I —FhH AR LR34 T R s H B 3 R 4%
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B I RE , R ML 2 2%, R T T S A PR
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CVS 1 & 1 3Ny 32.79% , 3% — 45 FL 0 &5 T B AG W
U Y 30.61% , 1T BEJE AR ST PR E BUAR IR
BR TN, AUFIE X [As B L3+ LTB4,
YKL-40 MMP-3 7K-F-if A7k, 3F 53 A H 5 CVS kA4
B Z , DI RE R I PR 4 1 PEAh TAs FR3 CVS Y&
ALK

LTB4 J2— P 5 10 2 14 5 A Joi, G 28 40 i
A B AR A RN R HE 43 A VR FLRB S R 0
T P A 75 5 A0 R R R B R M R A (R
A A N 2 D A P R i 05, 2 3 [T
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X LB K R PE R, QA -1, TS R
SISO, St A S v LA A, 3 CvS &R
A, I 7 LTB4 &K A 1As BB ARG CVS Bk 4
RS SRR K 4.272 5, Xt —HAIESE LT LTB4 7K
T BB ARG CVS & A XU R

YKL-40 f&—Fh Z DI RENEER 11, 76 2 P (1 & 9
ML H & AR T, A0 9 PR T e | O 1L 38 0
B B AT PSR AR, 2Rt ST RO W Bh ik
e e X JBS I s I AR A i e I AR ML YKIL-40
KV RETHR . A 1As 4B LT YKL-40 7K
SEThEr, H CVS WA IM T YKL-40 /K F 8 TE CVs W
A, ST BT A R — 2, R0 YKL-40 /KPR
5 1As BE ARG CVS M EEZEVIM K, YKL-40 2 5
CVS EAEMHLE AT AB 2, & YKL-40 /K V5 2 k45 &
JE SR F kB A58 B, SR HE R M R 3R 7R AR
HURNTE B S R BE | M S o IR B3 175 5 45 P9 B2
20 M Sh BERE RS, 34 CVS 19 % A2 KU ) 8 YKIL-40
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K TAs BE ARG CVS By & AL KUK K YKL-40 7K
PR 3141 % X — G5 Rk —HESE T YKL-40 7K
-5 CVS kA4 %,
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IR W BN, #Z R G20 1L i MMP-3
KT T e % R 56 M R L R A I R i A
B3 AT TAs 21 S I MMP-3 7K -4 fi 3
XTREZH T, CVS 43S 1% MMP-3 KT 5, 5
Rhind %5V A58 45— 20, #2R CVS B & A i 72 1 bl
MMP-3 7K - (1) 284k, Z 5 ML AT 6E & = 7K ~F MMP-3
5 S 0k s 56 P B, , B R i o 1) e 3 | =
i 7K Bb & A, R GE B, B8 CVS 1 & A K
61250 [EIE, T MMP-3 ZKOE Y TAs B R JE CVS
(9 Az U AR K -1y 2.478 135, ik — 2 B MMP-3
IR, ARG CVS 1Y % A KU A

Logistic [F] 4 43 #7 & 7%, Il 7 LTB4, YKL-40,
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e, W YIoEE, ROC MM st S| Bos, ik
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FHEA G, WU AN (A T & 0.904, 13X AT g & B T B
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PR TAs BBE ARG K4 CVS IIfER H 2, = H B4 T
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