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J iR RAPERIBIML(DCD) AU R . A3k PEH 2021 4F 6 H—2024 4F 6 H I i A R BE B # 2 M RHIGA BY aSAH 3%
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BRI BE ( Z/P=2.265/0.024 3.119/0.002) , £5if aSAH BF M7 Homerl MFG-E8 /K -1 5 WENS 432% i
KL Fisher Z34034 M &% DCI &A= 244 5%, Homer]l MFG-E8 &4 I BEA RN DCT XU
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[ Abstract] Objective To investigate the relationship between serum levels of Homerl and milk fat globule-
epidermal growth factor 8 (MFG-ES8) and delayed cerebral ischemia (DCI) after aneurysmal subarachnoid hemorrhage (aSAH).
Methods A total of 109 patients with aSAH admitted to the Department of Neurosurgery, Linfen People' s Hospital from
June 2021 to June 2024 were enrolled as the aSAH group. These patients were further divided into DCI subgroup and non-
DCI subgroup based on DCI occurrence. Additionally, 109 healthy individuals undergoing physical examination during the
same period were selected as the healthy control group. Serum Homerl and MFG-ES8 levels were measured using enzyme-
linked immunosorbent assay (ELISA). Spearman' s correlation analysis was used to analyze the correlations between serum
Homer1/MFG-E8 levels and modified Fisher grade and World Federation of Neurosurgical Societies (WFNS) grade in aSAH
patients with DCI. Multivariate logistic regression analysis was performed to identify factors influencing DCI occurrence in

aSAH patients. Receiver operating characteristic (ROC) curve analysis was used to evaluate the predictive efficacy of serum
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Homerl and MFG-ES8 levels for DCI.Results Serum Homerl and MFG-E8 levels in the aSAH group were significantly
higher than those in the healthy control group (#/P=22.146/<0.001, 26.088/<0.001). Compared with the non-DCI subgroup, the
DCI subgroup had older age, higher proportions of hypertension, aneurysm diameter >15 mm, modified Fisher grade M-IV,
and WENS grade lll-1V, as well as higher serum Homerl and MFG-ES levels (¢/X°/P=2.214/0.029, 4.974/0.026, 8.928/0.012,
12.118/<0.001, 6.016/0.014, 16.231/<0.001, 142.580/<0.001). In aSAH patients with DCI, serum Homerl and MFG-E8 levels
were positively correlated with modified Fisher grade and WFNS grade (Homer!:r,/P=0.306/0.002, 0.441/<0.001; MFG-ES8:r,/
P=0.480/<0.001, 0.386/<0.001). Multivariate logistic regression analysis showed that modified Fisher grade Ill-IV, high Ho-
merl level, and high MFG-ES level were independent risk factors for DCI in aSAH patients [ OR(95% CI)=2.060 (1.165-
3.645), 1.540 (1.146-2.071), 1.663 (1.162—2.381)]. The areas under the curve (AUC) of serum Homerl, MFG-ES, and their
combination for predicting DCI were 0.796, 0.759, and 0.906, respectively, with the combined prediction being superior to ei-
ther biomarker alone (Z/P=2.265/0.024, 3.119/0.002).Conclusion Elevated serum Homerl and MFG-ES8 levels in aSAH pa-

tients are associated with higher WENS grade, higher modified Fisher grade, and DCI occurrence. The combination of Homer1
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and MFG-ES8 demonstrates effective predictive value for DCI risk.
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3l Bk Pk %k BB R OB I ( aneurysmal
subarachnoid hemorrhage ,aSAH ) ¥§ /i [N 2 [k I % 24 J5
I3 TR A e O B B 51 & ) b a1, BOE R
L IR BB I ( delayed cerebral ischemia, DCI)
J& aSAH J5 W™ 5 I & 22—, Al 5| ik 4 2
RN HET S| A i P A AT, & T30 aSAH B T
JEARBAEEE N Z— " Homerl J&—Fhifi £ 48
B, Hod Fak A0 i i 2 oa PR T, % Ak G ke /P
Y, FLIRBRE B AE K N F 8 (milk fat globule-
epidermal growth factor 8, MFG-E8) J&— ' £ T REME &
H ZEM 2R 5 R MPG-E8 18 12 184 58 /)N st J5 240 Jifd
JLE AR T, o3 o0 O R 455 00 il &2 950 ) 2 B b 6 T
AEDY . %F Homerl \MFG-E8 7 M 45145 v (i v #55 E
FH A5 400R A aSAH 2 113 Homerl \MFG-
ES8 /K-, 4347 HAE aSAH J5 DCI B (8, B 75N
I PR HDRS HE TN aSAH J& DCI % A2 XU 438 At ]
SEFRRR  HOEWR
1 &ERE5AZ
1.1 IRERYERE  EHL 2021 4F 6 H—2024 4F 6 Al U
TN R B B i 2 AR BT 19 aSAH BB & 109 1]
aSAH 41, B 57 ], & 52 %, 4E W% 47 ~ 71 (60.03 +
10.62) % ; 14 5 1 45 %0 ( BMI) 20.06 ~ 25.19 (22.94 +
2.01) kg/m’; m I 55 6], K% PRI 61 6, = A5 i AE 57
i, DCIIZWibRAEL . (1) aSAH K955 H JIfG PR Ak
FREARFFLEI A > 1 h; (2) AR A & BUBT A FE AL
RIS & 42 DCI 4% aSAH %43 DCI 7 2H Ak
DCI A, g e B[] 10 2= o il A4 A6 2 109 151 oA fet
XTREZE 55 59 i, % 50 151 ; 4% 45 ~70(59.85£10.19)

Aneurysmal subarachnoid hemorrhage; Delayed cerebral ischemia; Homerl; Milk fat globule-epidermal

% ;BMI 19.96~25.13(22.79+2.10) ke/m>, aSAH 41 5
fat e XF IR AR ) AR BMI HL#R, 2 S RG24 5 X
(P>0.05) , LA AT Ltk . ABEGY O 2 ARA B B A0 B 22
B2t (20210402) , 3218058 5K 8 M R OT 4 &
AER A

1.2 FRHIERbRdE (1) W AFRAE . DI HLZ
U REAIRIZ N aSAH , FF & A CIZ Widn e ; @
M5 24 h WABE; @R 18~75 %, (2) HEBRARE .
K EBAM A il 5 W I AR 550 | 356 1L T B e i 25
B T e S D DR 550 ok DO s S o 5 )™ EE o Al
IRemans B D RERE 0 A gl 55 s @RE A fl A |
[ NS T o N A W T N T S D)
G3BERE ] IR PR BRI S5 A B R A

1.3 MIFEFRS ik

13,1 IR BRI AR g PR R ARl BMT SR
P (e L W PR7S  R JR ILAE ) | RS s R s &
R = A BERT 8] sh ks A7 & M H AL 2R Fisher 734 [ 0
2. TCWR IR st L ( SAH) B s N I (ICH ) 5 1
G0 E SAH, TR ICH ; 1T 2. 2 i 5l 2
SAH A3 XU TCH 5 T2 - ke 19X S W A ot I ( e 1) s
T Rt A0 4 v g B BRRE S > 5 mm ), TSR ICH
IV 9%tk 0 55 fias A b+t A 00 TCH ] A
AR T IR A 2 5% 25 1 ke P S s 1S il ( WENS) 43
[ 1 K AP aF Bk 4> (GCS) 15 43, iz 8l i
fi3; M4 . GCS 13~ 14 4y, iz shbEfs; M. GCS 13 ~
14 5y A8 8RS VY. GCS 7~12 43 VL. GCS 3~
6 71" SLEE FEAR [ A A (WBC) | Mk 4a
Jiit %0 (NEU) | 25 18 10§ ( FPG) | B Ak il 21 & 1
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(HbA,,) EHFEEE(TC) HIM =& (TG) ],

1.3.2  [fiL74 Homerl ,MFG-E8 7K -4 I . fift FE %if 18 20
KT, aSAH 4 5% ABEM R AE 5 ml 23 EHR KM, %
TRERE 30 min J5 25040 B L, -80°C fRAF# . hiE
J AR EDX B 28 WK R0 36 4G I 1L 7 Homer1 \MFG-E8 7K,
Homerl i | & W A %& E Abbexa 2~ ® (1% %
abx387846) ,MFG-E8 & 7| & 4 [ - 1 B A A= W) Bl 4
AR A (525 LZ-E029299) , {4 %% 4 SpectraMax M5
1Y ( 32 [E Molecular Devices 2N H]) o

L4 Geite#)rik R SPSS 29.0 #AF 1 GraphPad
Prism10 Zh A& Fn2s Kl £F & IR 5310 13 2 55k
DL xxs R, 2 AR L BRI ST AR AS ¢ Ao 5 114003
BHECE  H (%) 227, A1) HRCR FH x> KB
Spearman BEAHIC R LT & A DCI Y aSAH 3% 11K
Homerl MFG-E8 /K5 K Fisher 532% . WFNS 432%
FAH M ; Z &R Logistic 134381 aSAH & & 4
DCI 52 2 ; 32308 TAEHRE (ROC) B £8 43 #r 1L
7% Homerl MFG-E8 7/KSE-XF aSAH i # & 4= DCI il i

MRLRE, P<0.05 AZEFHEITFE XL,

2 &% B

2.1 2 Il Homerl MFG-E8 7K H#¢  aSAH 4
I35 Homerl \MFG-E8 7K & 2 1 Tt HEXT R 4H ( P<
0.05), L% 1,

R EHX R4S aSAH AILH Homerl MFG-E8 7K~ LL AL
(x+s,ng/L)
Tab.1 Comparison of serum Homerl and MFG-E8 levels between
the healthy control group and the aSAH group
A5 1%k Homerl MFG-E8
ft R IR 2 109 62.02=15.03 1352.16+201.43
aSAH 2 109 115.36+20.16 5221.372+1 535.26
t 18 22.146 26.088
P1E <0.001 <0.001

2.2 2 WAHIGKRTERLE  aSAH B3 109 #iH & 4
DCI 33 (30.28%) ., 5E DCI W41 Hed, DCT W21 4F
WK, i I B kI HAE > 15 mm 2 R Fisher 43 2%
I ~ V&  WENS 432 Il ~ IV 2% b il i . 1M.7% Homerl |
MFG-E8 7K-F- (P<0.05) , L3 2,

%2 JEDCIIEALY DCI AL aSAH (B IR PORHLEE
Tab.2 Comparison of clinical data between patients with aSAH in the non-DCI subgroup and the DCI subgroup

moH 4k DCI W4 (n=76) DCI W4 (n=33) vx? i Pl
BH(%)] 40(52.63) 17(51.52) 0.012 0.915
AEWE (345, %) 58.73+9.73 63.02+8.19 2.214 0.029
BMI(x+s,kg/m?) 22.911.12 23.02+1.04 0.481 0.631
KIGEABEHE] (x£s,h) 3.19+0.35 3.15+0.26 0.589 0.557
WA S [ (%) ] 28(36.84) 15(45.45) 0.715 0.398
PRI H(%) ] 25(32.89) 14(42.42) 0.909 0.340
TR [ (%) ] e I 33(43.42) 22(66.67) 4.974 0.026
BRI 41(53.95) 20(60.61) 0.414 0.520
1= i 1L 39(51.32) 18(54.55) 0.096 0.756
kI E [ B %) ] FN Ik 34(44.74) 15(45.45) 0.127 0.938
i AE 38 2 ik 26(34.21) 12(36.36)
i o B bk 16(21.05) 6(18.19)
Sk ER (%) ] <6 mm 33(43.42) 8(24.24) 8.928 0.012
6~15 mm 32(42.11) 12(36.36)
>15 mm 11(14.47) 13(39.40)
MR Fisher 208 [ 61 ( %) ] I~T% 46(60.53) 8(24.24) 12.118 <0.001
I~ V&% 30(39.47) 25(75.76)
WENS 2 [ (%) ] I~T% 47(61.84) 12(36.36) 6.016 0.014
m-~ Ve 29(38.16) 21(63.64)
WBC (s, x10°/L) 9.21+1.35 9.35+1.24 0.509 0.612
NEU (#+s,x10°/L) 5.91+1.69 6.02+1.76 0.308 0.758
FPG (s, mmol/L) 6.89+2.08 7.01%2.16 0.274 0.785
HbA, (%+s,%) 5.98+1.45 6.02+1.50 0.131 0.896
TC(z+s,mmol/L) 1.7920.30 1.80+0.26 0.166 0.868
TG (x+s, mmol/L) 5.60+0.61 5.71+0.85 0.764 0.447
Homerl ( x+s,ng/L) 86.27+21.05 182.35+40.71 16.231 <0.001
MFG-E8(x+s,ng/L) 3005.21+172.34 10 325.26+364.92 142.580 <0.001
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2.3 Ifil#E Homerl MFG-E8 /K 52k B Fisher 4344 .
WENS 7% B et Spearman #kAH & R 2050 HT i
7~ , &4 DCI Y aSAH S 113 Homerl \MFG-E8 7K
09 5 B R Fisher 43 9%, WFNS 43 4% 2 1F AH ¢
(Homerl ;r./P =0.306/0.002 .0.441/<0.001 ; MFG-ES8 ;
r./P=0.480/<0.001.0.386/<0.001) ,

2.4 ZKHZFE Logistic MIH534T aSAH 835 &4 DCI 1)
R DL aSAH B 2 & 4E DCL A AR i (R
H:0=7,1=42), VFER & il & (RE0=7,1=
&) Sk ER (R .0=<6 mm,1=6~15 mm,2=>
15 mm) AR Fisher 732 (MfH.0=1 ~ D4, 1=1I ~
V&) WFNS 732 (BME.0=1 ~ Mg, 1=M~IVZ) .
Homerl MFG-E8 & H AL i 112 [ £ Logistic [7]1IH 43
tr, 45 R B R IR Fisher 23 1 ~ IV 4% . Homerl & .
MFG-E8 /5 J& aSAH [ 3 &4 DCI iyl 7 5 [ K &
(P<0.01) , W3 3,

R 3 W aSAH BE K4 DCI L HE Logistic FIH5HF

Tab.3 Multivariate Logistic regression analysis on the occurrence

of DCI in patients with aSAH

moA B1E SEH Wald {8 P{i ORMH  95%CI
RN 0.065 0.059 1.213 0.359 1.067 0.951~1.198
e I 0.102 0.098 1.083 0.416 1.107 0.914~1.342

ShKIE EA2>15 mm 0.241 0.235 1.051 0.532 1.272 0.803~2.017
K Fisher 73940~IVE% 0.723 0.291 6.172 <0.001 2.060 1.165~3.645
WENS 73461~ IV4% 0.295 0.285 1.071 0.428 1.343 0.768~2.348
Homerl & 0.432 0.151 8.184 <0.001 1.540 1.146~2.071
MFG-E8 5 0.509 0.183 7.736 <0.001 1.663 1.162~2.381

2.5 IfiL7 Homerl ,MFG-E8 /K F- %} aSAH M # % 4
DCI T &% aE 224 7% Homerl \MFG-E8 /K- J
TAHBRA TN aSAH 35 &4 DCI W ROC 2k, I3t
B FmA(AUC) , 45 R Bon: M7 Homerl \MFG-
E8 /K- K —FBEA N aSAH H & 4 DCI By AUC
43514 0.796 .0.759 .0.906 , —FHBEA L T4 [ Sl Fi
MSLHE (Z/P = 2.265/0.024 .3.119/0.002) , WL3% 4,
K1,

&4 175 Homerl MFG-E8 /KF-Xf aSAH 3 % 4= DCI 1Y 7
ILRE
Tab.4 Predictive efficacy of serum Homerl and MFG-E8 levels

for the occurrence of DCI in patients with aSAH

L 31%
f b B AUC  95%CT  RUREE S ;;;jg
Homerl 140.63 ng/L 0.796 0.708~0.867 0.758 0.837 0.595

MFG-E8 6 732.62 ng/L. 0.759 0.667~0.836 0.727 0.842 0.569
TEBRA 0.906 0.834~0.953 0.939 0.829 0.768

B 1 ¥ Homerl MFG-E8 7KF Jz —F Bk & Bl aSAH 2
%4z DCI [ ROC £k
Fig.1 ROC curve of serum Homerl and MFG-ES8 levels and their
combined prediction of DCI in patients with aSAH

3031 #

aSAH 5 W X T Js 14 130 5 e 7 40 ] R0 A
VAR, BN AR S3Ah, i AR e il
N R A M2 B, N R TR AT R — SRS
B L A WO R N B R - 1 oIS I A
FNEF 5K DN RE AT HE— 20 k) i R 2 ) K A 5 R e
aSAH J& , MLVRCHE A Wk 0 155 Ji v Mok 20 J | B0 A% 4
LSRR  RAE TR AR BT, 51 B I A5 RE A 1
IO, S0 67 46 D R, I 1 DCT iy & 41 DCI &
B aSAH BF K AMER 07 FREEFN = FL T4, AR
AT LA TN DCT A JRURS: , AT 35 Bl DR 5 A6 1T 5
XPPERIR Y T3 %8, DAL B 97 B U5 A IE 1, ol A8 & Tl
JaH . BTG K 2 85t WENS Flk R Fisher 43443
fiti DCI U AHJ2 LL E 2 G0 5L T 524527 5 i R R
1 ENLPEAR R R AT R KDDL 3 [R] 22 S BCH0I 5 fg
ZBR . PG, & SR 2 W AR W hn 5 9 T DCI
T, XFOCAL aSAH FR 5 1 e DU -5 s Al B
R,

Homerl J& — Fj ¥t £ o0 %8 fish J5 % £ & 11,
Homerl & 4ih , 76 K |1z %3k, JLHOE R4
JURY R fhJ B0 DX e B ARl S AU LA R %
& (mGluRs) \Ras & H BB HCE F1 LS A H 40
ZRRH G HR 1 AF 2 Fh AR 1 AR AR T R R A5 15 5
B I, MU R K R MR  RAE S S
FaE b AR R AL A B 405 S s AR A
T Homerl ik B, 5l ™ &2 L AU A 5, b
FEAB N, S B A A BB IS Homerl 7K P ik
FhwE 3 HR K Homerl 5l 64 6 A
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9T & L, 1E aSAH 31 & DCI 3% i 7% Homerl 7KF-
B 30 BT LR aSAH J5 81 & 10 %6 M = FILR
PO 385 A 22 S0 47 R 200 i 3 7 15 o, e 40 i
N Homer1 B 2 4 M b, 2 10 2 A B 6 Y I I Y% A0
o B LY Homerl K-S &r, #E— 2081 & B
Homerl K334 5 55 WENS . 2& R Fisher ﬁ‘%&?“ﬁ?‘é,
J& aSAH B &4 DCIL ERH &K, £ aSAH J5 &
7KV Homerl 475 DCI KU, Dai 251 38 45 H
aSAH 3% L3 Homerl /KT A B 24 H B n] BY &2 Tt
15, /K F Homerl 5 M A2 BE 4 M TG AN R A R,
1F aSAH J5 DCI 3 #2 P, Homer] 3 J3 3% 25 38 3 45 &
mGluRs Ml 720 g AL 3, WU B J R, i
3 A S /N RS o 4 BT A ek TR R AR R - 2
HIAZ-18 S5 R PP B, DB i 28 gk I By, (H
JEad 5 1) Homer AT 58P i1 — %010 B, i) A 1
FERAE IO T BTG /NS S5 A0 B, fR 4 A AR Y 1
Wh, IR R 2 R B, T B DCI™) i % Homerl
IR T e S5 B 28 T8 45 A B B aSAHL 5 AR A 2
Homerl o B FIHFLE T s AR /s e i J | AR AL
A CIBH I DCI A9 &4 R, ML/ Homerl /K-35
AEFE/R aSAH J5 DCI XU,

MFG-E8 PR by FLEESE 25, 2 U8 T 4f Afg 70 A 05 41
i 22 1) R A 2% e ) 8 T 40 v 9 A T 2
B (PS) , 3% B 77 W 41 M ) 3% 5 23244, i R T 40
JL A R R I, A BE e S R, SR g Ra st
TEPRCHZ R G h , MFG-E8 =% iy AL Jie I 40 it #11
JHCE IR A 20 2 o 40 LA o 20 40 L 38, 7 2 3 0 A
SEREME Wl R M R B R A IV S ) T % 4
PEFITS

AR &L, 7E aSAH Jf & DCI 3% MFG-ES8
JKF-BH 3 5, MFG-ES 3415 il g4 aSAH J5 T 1m 4%
PN Rz AR A O T2 s, JH b 268 78 o s R R A
o V5 Sl N K 445 & 42 fff MFG-E8 BEjif, 72
Mg MFG-E8 /K V-3 &5, # — 25 3 Hr MFG-E8 5
WFNS X K Fisher 43 2% 2 1EAH &, & aSAH J5 DCI 1)
a2 . MFG-E8 1F aSAH HI3 T3 , A S E w40
JiL/ 7N JE S A LA, A 0 O T 4 o, A e B
BAERGESHEE(BEAER BY/AEHE FHSH S
ST 355 T S R SRS -3) A /N R 5 4 i
2o AT OE 5 /0N e 5 440 R 1) M2 AR A R 4R
DF 0 B ik, R 4 AR 40 o e i A O (B R
aSAH ¥ 95 oF J& if B2 b, K U T 40 i nT BE RE R
MFG-E8I1IEBRAE ST , T BOCARBLIE B 00 U8 141 i B ik 25
PEYII, B P W 5 /N e 0 40 L e T Toll Ff 37 1A &5

B, WO AR e S R -k B {5 53 i, R £ R IR R
TR, SRAE PR N B RS N JE 2R -1 AR 3R A,
A5 AT 0 LA 4 e 2 2 R0 B I R 35
B, & 51 & DC1Y Wk, i E Y MFG-ES 1] fi
PR M E—R B2 K A5, aSAH J5 & 4= DCI (19 KUK
.,
Logistic [F[H53#T k7R, 8B Fisher 4322 1l ~ IV 4%
5 aSAH J5 &4 DCI WA &, JF F A B R Fisher 732
BT DO BT s S LA R R A DA 0 G v 2
HE i AR I Y R A A T T 0 BRI 1 S R
K, B4 ) 51 K A8 9 28 R0 i v e, F 8
DCI'>™' ) ROC 43Hr 7w, fLiE Homerl MFG-ES i
T aSAH J5 DCI 247 /8 30 H 32 = A B, 35 1Y
HHZE R L3903k 0.796 .0.759 , L& REFRYIX 70 5
WS, i —220% Homerl 5 MFG-E8 K45 BT,
TIOMAL e 0 P2 T AR T B —FRhn B, — A R
B HEHL IR aSAH fE &A= DCT BB, M Il IR
PEHTT 900 2l B T SR 1S R0
4 4 i
28 b ik, aSAH J5 DCI H 3% Ifil i Homerl |
MFG-E8/K 214 & | 257K - Homerl \MFG-E8 5 aSAH
HE WFNS 2040 kB Fisher 23003840, LA X & 4= DCI
WA 5 B4 Homerl \MFG-E8 EHE 55 %) aSAH /5 DCI
RS TR B R BE . A B 55 BT P 4B 78 T aSAH J5
DCI & [.3E Homerl 5 MFG-E8 (PRI AR 1 , Ml AR
DCI BG4 T B i Fapn il s, (HRMAEAREZ
b E A A B R /N, T RE YA ST 3 aSAH R
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