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[ Abstract] Objective To investigate the relationship between the volume of cerebral edema and serum neuron—
specific enolase (NSE) , matrix metalloproteinase 9 (MMP-9) and neutrophil gelatinase associated lipocalin (NGAL) in patients
with traumatic cerebral hemorrhage. Methods A total of 104 patients with traumatic cerebral hemorrhage admitted to Huai‘an
Hospital of Traditional Chinese Medicine from June 2019 to December 2022 were retrospectively selected as the observation
group, and 104 healthy subjects who underwent physical examinations at the physical examination center of Huai’an Hospital of
Traditional Chinese Medicine during the same period were selected as the control group. Serum NSE, MMP-9 and NGAL were
compared between the observation group and the control group, serum NSE, MMP-9 and NGAL and brain edema volume were
compared in patients with traumatic cerebral hemorrhage at different time points (on the 1st, 3rd, 7th, 14th days after cerebral
hemorrhage) , and serum NSE, MMP-9 and NGAL were compared in traumatic cerebral hemorrhage patients with different
cerebral edema volumes (> 4 ml and <4 ml) on the 1st day after cerebral hemorrhage. Prarson correlation analysis was used to
investigate the correlation between cerebral edema volume and serum NSE, MMP-9 and NGAL in patients with traumatic cerebral
hemorrhage on the 1st day after cerebral hemorrhage. Results ~Serum NSE, MMP-9 and NGAL in observation group were higher
than those in control group (P < 0.05) . In patients with traumatic cerebral hemorrhage, serum NSE, MMP-9 and NGAL on the

3rd and 7th days after cerebral hemorrhage were higher than those on the 1st day after cerebral hemorrhage, and the volume
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of cerebral edema was larger than that on the 1st day after cerebral hemorrhage (P < 0.05) ; in patients with traumatic cerebral
hemorrhage, serum NSE, MMP-9 and NGAL on the 7th day after cerebral hemorrhage were higher than those on the 3rd day after
cerebral hemorrhage, and the volume of cerebral edema was larger than that on the 3rd day after cerebral hemorrhage (P < 0.05) ;
in patients with traumatic cerebral hemorrhage, serum NSE, MMP-9 and NGAL on the 14th day after cerebral hemorrhage were
lower than those on the 3rd and 7th days after cerebral hemorrhage, and the volume of cerebral edema was smaller than that on
the 3rd and 7th days after cerebral hemorrhage (P < 0.05) . Among 104 patients with traumatic cerebral hemorrhage, 60 cases had
cerebral edema volume > 4 ml and 44 cases had cerebral edema volume < 4 ml on the 1st day after cerebral hemorrhage. Serum
NSE, MMP-9 and NGAL on the 1st day after cerebral hemorrhage in patients with cerebral edema volume >4 ml were higher than
those in patients with cerebral edema volume < 4 ml (P < 0.05) . Pearson correlation analysis showed that serum NSE (r=0.648,
P=0.029) , MMP-9 (r=0.752, P=0.021) and NGAL (r=0.639, P=0.031) were positively correlated with the volume of cerebral
Serum NSE,

MMP-9 and NGAL in patients with traumatic cerebral hemorrhage are elevated, and the volume of cerebral edema is positively

edema in patients with traumatic cerebral hemorrhage on the 1st day after cerebral hemorrhage. Conclusion

correlated with them.
[ Key words ]

Neutrophil gelatinase associated lipocalin

B3 i 3 1t 2 A M 2L 2 405 2 R B M M
I FEL K P, T G 7 e 2 R SRR 3 AR B T Y F2 B
JEEE U RFSE R, BRK i e BRI R 3 S
i R 2 AU L A T s A O L R AR R
N, B 5 R LT M e R R I BEAL RS (neuron
specific enolase, NSE) . ®FE4EE A ( matrix
metalloproteinases 9, MMP-9 ) | H M 4 i B I il AH
KRB EH (neutrophil gelatinase associated lipocalin,
NGAL) /K¥-TFtmr, HHEAKES0 i K i &850
FZEY) ) H AR EIRAE RS A5 Y 1 5
IKBMAFR R R IGF SRR . AWF9E B R b
i 3 10 6 M K B R AR 5 L NSE . MMP-9 ., NGALFAY
KFR, VIR i i2in i it 2%
1 XH57H%
L1 fFgExt4e i EE i 20194E6 H £20224F 12 H
LT R I RS A 05 P i 1 1l R 10451, 5 AR
SHRERL, 5y A BRI A A i 2 i e B B AR A o A
K B f B 25 10440/ o %ot REZH . WLER2H h B e61], 4038
Bl 4F#31 ~72%, V34 (424£3.7) %; BMI 19 ~26
kg/m®, ¥ (22.4+33) kg/m’, WHRZHHE 644, 4040
B, A28 ~ 754, T (423+4.1) % ; BMI 18 ~27
kg/m®, P (223 £3.1) ke/m’s PIgIPER] ( x °=0.082,
P=0.775) . 4% (1=0.185, P=0.854) . BMI (=0.225,
P=0.822) H#, ZREGI¥E L. ARG T T
B PR R Lot (2019-16%) o
1.2 ASHEBRbRE WM AbRE: (1) F6
CopE G 2R R (2019) ) o) ARG i
e WibrifE, JHFLmcTR W2 (2) FiMiL

#io (3) IMRBORISEREE . W R R (1) &
AR >24 h;  (2) TG (3) A1

EWLRT . AR (4) EaREATRES;

Brain hemorrhage, traumatic; Brain edema; Neuron specific enolase; Matrix metalloproteinase 9;

(5) WP . MR
JF . B IIRERAGE o X R g ARSI -
ER#H; (2) KRR TEA,

1.3 WRErd: (1) il FhimEsE. 3. 7. 14
R RS 1 1 S i £85I kO, % e B o A Y
K23 ME R, R FH DG e 72 W i B A 1t Y5 NSE |
MMP-9. NGAL, 435Ik T M B 55 5 A YR A7 R
oS EVEFERINSEIRF & . LR AR R A TR
AIA P IMMP-9i I & . U B A YRk A BR S )
A FERINGA LR G AT . (2) 43000 F B i 1 e
1. 30 7. VARNHOI 1 G M i HR 2 BEAT U C TS
&, RHZHARITE KRR, e s 251
RAF KA (>4 mIFI<4 ml) BEIMIENSE .
MMP-9. NGAL. (3) 43t i 55 1R A 451 ik 1 i
BE MK IATUS M7ENSE, MMP-9, NGALAYHIICH:
1.4 GeitsEorss SRIISPSS 22.048 30 A 745 b
B T HECTER AR B R R, TR L BCR xR 5
IS AR, (x+s5) Fon, B4R
KT FEAS S, FAR M PR LR R R ER
W7 220815 SR FHPearson ] G4 T 1B H 1ML )5 45 1
FAN O Rk H i 2825 /K I AR FR 5 I NSE . MMP-9
NGALIMIFtE, LIP<0.05NESE L TTFE L,

2 #£R

2.1 WM 5N MENSE . MMP-9 ., NGALH#
WELL MIENSE . MMP-9 ., NGALSE TXH4, 2=9H
it X (P<0.05) , W#EIl,

2.2 A0 i AR R ] B R] S LT NS E
MMP-9 . NGALKMZK P ARF beA: A 40 1 il 113 o £
F RIS A] S ENSE . MMP-9 . NGAL K ik 7k b R F5
i, 2R AR (P<0.05) o B0 PE R i
AW I ESE3 . 7RINENSE, MMP-9, NGALE T

(6) AIF/=H
(1) Ktrgh



SO R A% 20234 1A 83155 113 RS MAE . htip://Awww.syxnf.net .33

i LS S 1R, K AR F i s LS S LR, 22
FEGIFE L (P<0.05) 5 Q005 H i
MJE57RIMENSE, MMP-9 ., NGALE; Tk it i J5 45
3K, MK ARRUR T G 53K, ZR A5
B (P<0.05) 5 A5 BR H  8 5 i s ais 2 14K
MLIENSE, MMP-9, NGALML TG 263, 7K, Mk
KA BUNT G MG 453, TR, Z2RA531%E XL
(P<0.05) , W52,

F1 WL SXHBLLIMIENSE . MMP-9, NGALHA (x+s5, pglL)
Table 1 Comparison of serum NSE, MMP-9 and NGAL between

observation group and control group

215 % NSE MMP-9 NGAL
pajiist:il 104 7.3+2.1 247+7.1  261.1+60.2
pUEZSEL 104 324+9.0 93.0£282 385.1+72.7

Hl 27.697 23.952 13.397

Pl <0.001 <0.001 <0.001

. NSE=Zoue s mm b, MMP-9=2L i 4 J& & M9,
NGAL=H PR 20 i A Jie AR S 2805 4 1

F2 QIO L i S F R R RIS NSE . MMP-9, NGAL KK
PMARLILER (X £5, n=104)

Table 2 Comparison of serum NSE, MMP-9 and NGAL and erebral
edema volume in patients with traumatic intracerebral hemorrhage at

different time

il NSE MMP-9 NGAL it o
(pgl) (pgl) (pgl) (ml)

i iEE R 32.4£9.0 93.0+28.2 38514727 8.7+29
B3R 404£103°  1302+305  4329+848  17.7£35°
M EHETR  53.6+15.0%  1426+324"  5048+106.6"  25.0+45"
M54 K 341112 902+182"  402.1£902"  99%33"

Pl 71495 93.034 36.381 463.136

Pl <0.001 <0.001 <0.001 <0.001

T PRSI SR R, P<0.05; "Rk S A3
KILE, P<0.05; ‘FoR 57X ILE, P<0.05

2.3 i AL AR 1R A TR A K e A AR A5 2 i S
HIMIHENSE . MMP-9, NGALIA: 10445 G5 i i1
MEE T, 60K H 15 55 1 KK R >4 ml, 44
50 R 5 1005 5 1R MK B AR R <4 mlo ik Il S 5 1R
i K AT >4 ml#F MIENSE, MMP-9 . NGAL® T
LS A5 TR K I AT <4 ml#%, ZFASH¥EYX
(P<0.05) , W53,

2.4 I I AR 1 R A A e i S i R A K e AR R
M¥ENSE, MMP-9. NGALKJAIXN: M Pearsonff]
KA HTAE R, I I AR 1R A A 1 i
i 7K A AR S IS NSE (r=0.648, P=0.029) . MMP-9
(r=0.752, P=0.021) . NGAL (r=0.639, P=0.031) &
IEFRSG,

R3S B LIRS [ i A P A R 4 14 1t £ 0L NSE |
MMP-9, NGALIt# (x+5, pg/L)

Table 3 Comparison of serum NSE, MMP-9 and NGAL in traumatic
cerebral hemorrhage patients with different volumes of cerebral edema on

the 1st day after cerebral hemorrhage

IHNINEEAPS

Wik A Tk NSE MMP-9 NGAL
>4 ml 60 354+71  977+17.7 403.8+75.0
<4ml 44 302+62  89.5+153 366.8+70.2

tH 3.847 2.495 2.550
Pl <0.001 0.014 0.012
3 i

5P R s 1 3 AT A i 7 e A5 24k A i 4
B, HalE S Bkt | SRR, eEE T REE B
EREES . B . WA TRERERG S, B A Ay
AU WISEEE, SR S BIG R R H 10E I
KB EEER R, ] 24 il ik ot B S 2o
nfgs i S RERAE SN AR AT LR IR AN S
HNE L PR AR, R S ECRE AR, S
WIS AL RS, fEdEA A hLr R, 0 A
B AN, 38 Tt G e s e, R R AR A
EEPRPER K ) MIENSE . MMP-9 . NGALJEJZ M4
RE . UM EENE . M TTIIRESE R E AR O
A G 5 AE AT 1 A S i £ K e AR v
NSE. MMP-9. NGALWJXFR, DA PERG il g2
BRI 5%,

NSEAL i #f 22 Te A28 N o AL 430, FERRZE T
RE R P A mEAE, IEH SN T NSEAL T #
UMY, B, RV O AT A2, NSE
N i AN & T O T BN (1 L1 s AN | R DA
FAEIR . WFFE R, NSES MM . MRk i 45 2 U1 AH
S A I 3 AN AN B I, TTAE—
FREE b i i A e ek, LR 42 )@ 2 B (matrix
metalloproteinases, MMPs ) (14 3= 24E ] 2R 4r i A b I
Jii. MMP-9/ZMMPsZIE— b1, N4, Fo vk
J . BGET 2 40 B A5 L2 A A i o, HLE TR 4 40 it P
T, FEIEW AL Rk, Mg . e
kgL T e i TS B2 Uk TR 3 5
AR A AR, L P B AN B kR o A, AT
P2 MM P—9 [ A5 i R 100 457 J56 P R RAe i, e ol ot i 5 o
WABE PG N, (R E £F 4 8 A E A AL 20T 8 R
20 3 i) B 8 i PR 430 I 7 i R o i Bl K
Jifr, MM P-93 22 2 if— 25 8 i b AR B, 21
WKL, LI RCEPETRIE . s sah s 3R,
MMP-97E# N F k B, #%5% HFIE B LI sE ) | 3%
IRThET, SO S i A R 5 B IR, AT B Ak
KBRS NGALJE TREESE ARG, £ Tl



- 34 - Pract J Cardiac Cereb Pneum Vasc Dis  November 2023, Vol.31 No.l1 http://www.syxnf.net

WERELNA PRI, BBl . Bk T, HAE
Hagis b A AR B DR A R R,
NG AL 38 13 38 ek 25 vk i i i 4L 2 %5, HoKSF-7
i H L 2H 2 e oK S B T

AR BN, WEHMENSE, MMP-9
NGAL X IR, 457 A 05 P i 14 1 8 25 iV NSE |
MMP-9 ., NGALFF . WFFE @, Ao i g 25 i ik &) ]
M2 TCAFAE IR Z RIEN 7, HZAENH G553 ~ 7Rk
Bl 0 AW SE R R, BRI G
MGHE3. 7RIMENSE. MMP-9. NGALE Tk H L5
SR, MBI T S S 1K A O3 A H o
IS SR TR IMTENSE . MMP-9 . NGALS Tk i
MJEEE3R, B ACI AR A B LS 253K 5 A5 i
I AR i S LS 56 14 R IMIENSE . MMP-9 ., NGALAIR
TR IMEEE3 . 7R, WM/ NG I3, 7
K, 5 LRWGRa AL ABFEEE R s, B
Ja SR A AT >4 mIF MENSE, MMP-9, NGAL
e B IS AR LR I K I AR <4 mlE, $EOR I
NSE. MMP-9. NGAL5 @454 i 1 1t 28245 A 7K b {4 FR
Ko ARFFE Pearsontl S ras R s, i IS 551
AN A S i 6 3 AR K AR RS 1B NSE . MMP-9
NGALSIEASE, M T aEN . A H i % A4
Je AT S N 3, WEIR T AR A LR B , JRRE 40 it
ZF35 MM B I F 0 A ZHZY, (i NSE . MMP-9
NGALFFEr, FEAk & PE RG9S 7K B

ZE FRTR, BRI L ENSE . MMP-9
NGALTF &y, HAGACHP AR AR A OGS/ A i
THNSE. MMP-9., NGALA AT B Af 45 M i ) i 83
K ™ R . ARASBIFSE S Bty | /RS B
5, AKTEZHL . KREARRVIR M — P BIEAR5E
258

VETHk: KREWMBFLFTHMEE X, AW
TG TR, LR E . Kt FAE; L3 EH
;}Izl:\

\ s

2.

FREAKE;, TERZIATRAEE; KEw, B FiAT
WX5IT; R E R T X EN MRS AT, L

AR T, SRR,
AL RA BT R,
B2 3Lk

[1] COLAS L, GRAF S, DING J, et al.Limited benefit of systematic
head CT for mild traumatic brain injury in patients under
antithrombotic therapy [ J ] .J De Neuroradiol, 2023, 50 (1) :
30-35.DOI: 10.1016/j.neurad.2021.02.004.

[2] LID, CHEN Q X, ZOU W, et al.Acupuncture promotes functional
recovery after cerebral hemorrhage by upregulating neurotrophic
factor expression [ J ] .Neural Regen Res, 2020, 15 (8) : 1510-
1517.D0O1: 10.4103/1673-5374.257532.

[3] SPALLETTI M, ORZALESI V, CARRAI R, et al.Amplitude
instability of somatosensory evoked potentials as an indicator of

delayed cerebral ischemia in a case of subarachnoid hemorrhage

[J ] .Clin EEG Neurosci, 2019, 50 (3) : 205-209.DOI:
10.1177/1550059418804915.

[4] Aokt fTbe, eIt S5 iR PRI Y DR L A 1
TES1005545 G 8 B . PRy S MR AL AT X 19 O Al
FBUSHIBENE [1] R, 2020, 33 (1) -
17-22.DOI: 10.3969/j.issn.1004-1648.2020.01.005.

[5] &0, i, skiBf, S5 Mg AEM4 )8 8 A EE-95 th kL
290 e P 52 AT DG 2N B P X 1 A A i S 1 8 S T IR T £y
il [J]) RZEBE S, 2020, 48 (12) @ 1450-1452.DOI:
10.16680/j.1671-3826.2020.12.21.

[6] AR e M 20 2 0 2x, AR B 2 2 M 289 2 O 23 I
A~ 21 B IR I M2 75 (2019) [ ] . pAede
FhIeik, 2019, 52 (12) : 994-1005.DOI: 10.3760/cma.
J-1ssn.1006-7876.2019.12.003.

[7] MA X, WANG ] B.Effect of glycerol fructose combined with mannitol
on patients with cerebral hemorrhage and cerebral edema [J].JClin
Nurs Res, 2022, 6 (1) : 1-3.DOI: 10.26689/jcnr.v6i1.2697.

[ 8] FERRO D, MATIAS M, NETO J, et al.Neutrophil-to-lymphocyte
ratio predicts cerebral edema and clinical worsening early after
reperfusion therapy in stroke [ J ] .Stroke, 2021, 52 (3) : 859-
867.DOI: 10.1161/STROKEAHA.120.032130.

[9] SHIBA M, SUZUKI H.Lessons from tenascin—C knockout mice
and potential clinical application to subarachnoid hemorrhage
[J] .Neural Regen Res, 2019, 14 (2) : 262-264.DOI:
10.4103/1673-5374.244789.

[10] ™F5 A0, HANFE, 1K, S5 I o o 3 B AR T
5200 X 22 S # NT-proBNP . NSE. LDHBUMMAE [J] .

HdB e e 2R, 2022, 32 (10) & 1509-1513.DO1:
10.11816/cn.ni.2022-211160.

(11 ] tafg, AR, XUSCHR.IE b okr 20 i I IR AT OGN o iz 43
FITE R AR LR A AR YT AR 3G 5 50 B g 2 b i 22
SCLT] e ERE AR, 2020, 39 (8) @ 865-869.DOI:
10.3760/cma.j.issn.0254-9026.2020.08.003.

[12] Wk, ZRootl, PR N8 2% 77 % X BH 2% 78 5 i e i+ I
SR TR I i B A R K AR R T R A 3 A 11
S [ ] SO A 2SS, 2021, 29 (4) : 105-110.
DOI: 10.12114/}.issn.1008-5971.2021.00.079.

(13 ] VB, TRowos, SR 5 I H A Y 1 A BRI AR A7 . T
4 ) B U - O/ J5 463 Jes 4 1 AN 1) 70— 1 oA R0 g5 3
FEORHE [1] v ERAEA A4, 2020, 40 (6) @ 1155-1158.
DOIL: 10.3969/j.issn.1005-9202.2020.06.012.

[ 14 ] gkt F8R50A0T i i i K BUAH DG 28 19 323K 55 i 28 UK i A
LUREHA R AITIIT ()] PRIEERERE, 2020, 48
(6) : 584-587.DOI: 10.15972/j.cnki.43-1509/r.2020.06.007.

[15] 805, EM, VF2 0. o A 2 ) e I A DG 206 2 e K
SR 15 i e A A 45 0 o A VR FTTRIE S [ ] Rl B 20 2
M sMREE AR, 2016, 43 (4) @ 292-296.DO01: 10.16636/
j-cnki.jinn.2016.04.002.

[16] Eat, X, A5 H.JE ST G TS H B 2 A K K+
X i 1 1L K (AR PR TR A I A P DR K
)] SRR G, 2019, 27 (5) @ 109-111.
DOIL: 10.3969/j.issn.1008-5971.2019.05.y02.

(ks . 2023-06-25; &l Y. 2023-09-06 )
(Al oK)



