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Abstract

Objective: To investigate the diagnostic efficacy of Neutrophil Gelatinase-Associated Lipocalin (NGAL)
for post-neurosurgical bacterial meningitis (PNBM) in the patients with hemorrhagic stroke. Me-
thod: A total of 72 patients were recruited from the First Affiliated Hospital of Anhui Medical Uni-
versity during June 2019 to October 2021. All patients received neurosurgical treatments. According
to the infection status, we divided all patients into infection group and non-infection group. En-
zyme-linked immuno sorbent assay was applied for detection of NGAL level in cerebrospinal fluid
(CSF). Univariate and multivariate analyses were applied in statistical analysis for determining the
independent risk for PNBM. Results: In the univariate analysis, the levels of CSF glucose and CSF/blood
glucose ratio in the infection group were significantly higher than that in the non-infection group
(P < 0.05). The levels of CSF protein, white blood cell, red blood cell and NGAL were significantly
lower than that in the non-infection group (P < 0.05). In the multivariate analysis, CSF NGAL was
proved to be the independent risk for PNBM (P = 0.013, OR = 0.871). The receiver operating curve
analysis showed that the area under the curve for NGAL was 0.936, indicating that it played an ex-
cellent diagnostic efficacy in PNBM. Conclusion: CSF NGAL could be served as an independent risk
for PNBM in the patients with hemorrhagic stroke.
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TR ANRIA J5 i P9 J 4 (post-neurosurgical bacterial meningitis, PNBM )& — ™ 5 ) TR 3 &0, % 4%
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2.1 —fE&#EE

HEHY 2019 4F 6 J1 %5 2021 4F 10 H 2 (A ZBIBR B2 55— Y S = e 22 SRR A\ e F) H I P i 2 v
B 7200, A BEEZMASRTFARIGT . IR A s Wt 2 4 RS RERAREE AT . RJE
W2 N 22 (SR e R Grisgeisia b & X 36R (2021 ki) [10]. T 8 H93RAS
SR JE R RGN TT . HERRARAE . 1) PRI DRG R FE: 2) AR EATRE, Joik MU o s
SIS, BT ARAERE 3) [N A At AR 22 SMRLIOR B At 28 28 0 Ak 83 11 2

R 75 A G P SR G 43 RG240 B S5 HRZH 32 . A C S A B AR . PR TR
MR AAG S IR R LA IR R IRAT R 2 4R bR . PIALIAIE IS . VRS oGt 225, Wk 1. AP
BRI R — IR S BB B DY b HE . i B BB AR SR SR 0 AT e 77 RAEF G R EH .

Table 1. Clinical epidemiological data and single factor analysis of patients

F 1 BENBRRITHRFENREERIN

LA (n = 40) RPN =32)  WIREEIZ) P 1H
ERY (D) 54.73 + 18.36 57.81 + 15.05 -0.767% 0.446
P53 1.611° 0.204
% 19 12
e 21 20
BRI 0.101° 0.751
ke DX B s S I 21 18
i 1 19 14
kel Ei=yAN
. 1.58 3.44 B .
Fi(mmol/L) (113, 1.96) (281, 4.04) 5.724 <0.001
X 3.00 0.80
=1 . c
MEHA(@L) (1.95, 4.88) (053, 1.25) 5.890 <0.001
859.50 23.00
s 6 _ c
HAR(x10°L) (340.75, 3653.50) (7.25, 99.50) 6.108 <0.001
13000 3000
214 6 _ c
ST (x108/L) (275, 94000) (500, 9000) 2.065 0.039
2 TEAZ 4N g Le A5 (%) (52.13 '%%.50) (19.5’5'88%. 10) -2.862° 0.004
Z(mmol/L) 120.33 + 10.15 122.73 + 8.59 ~1.065° 0.290
\ 6.31 6.72 B .
L H% (mmol/L) (5.37.7.52) (5.35. 8.61) 0.306 0.760
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Continued
YOI 0.25 0.57 _ .
5 A LA (0.15. 0.33) (039, 0.64) 5.610 <0.001
AW 180 165 P
(MmH,0) (120, 270) (115, 274) 0.140 0.888
NGAL (ng/mL) 61.28 + 10.62 24.60 + 17.52 10.971° <0.001

VE: a: t{d; b: X21E: c: Z1{H.

22. RERBSE. RESALE

BT SR AR A J5 SR AOL N B TS S P ATHE 3, ZIRAEAE O A ik AT . 2 BFH I 2 ml
B REAS, WSO MR E VR AN TC R R B O, B T80 CUKFI K ALRAF . B NGAL 7KF
SR P G #7928 W 12056 (enzyme-linked immuno sorbent assay, ELISA). iz 77l £: H1 3t Elabscience 2\ 7]
P85 E-EL-H6127).

2.3. MEIGIR

S P ZH BB B ER A AL  IEVRUE I AR NGAL 7KFEEAT A, ) &2 3 3 T AF #h 28 (receiver
operating curve, ROC) %3t PNBM M 371 56 K] 2 R FR 2E 4 22 ANREAR S5 Pl 4 48 B 1R e e v R 2 M e, 91
Dir JF SR A0 AR S
2.4. itER®

PL SPSS 19.0 A BTG o0 M. #EL BT A IES A0, BRI £ bRl (X +s)FR,
P2 2 [ R EE IR MO AR AR t RS SR BT A IR0, B DL A VY oA B e AR,
P22 (B LE R Mann-Whitney U #6856 THETERERH R TREES . 2 IR 8K H logistic [F] )47
HEATSPHT. 22 FRBR 2 I AR b 53 HT ) Spearman’s AHSGIEANHTHEAT . P < 0.05 FR% 5 A Gk
S
3. HFR
3.1. F¢H PNBM BERERIBFNEARR S

S RS e 87 R e = (AN 1 = 5 N 1 = A 1| R e A B4 O e S % 7
B NGAL &8 2 [A4AAE B E G227 (P < 0.05), 848 20 i 5 VROHE 0 i 8- VROWE / T i 25 T R i g
H, MRS EE . DO A4 DO 2L A0 R A i NGAL /K-F i35 & TR . R s
IR AR AR RE L PRI B R 5« AV S TUHE AN i 8 77 598 b 1) JE B 8. Be 124 22 57+ (P > 0.05) (ML
% 1),
3.2. #¢H PNBM BE RS RIEIFNZERI

B R T O 5 AR R 2 (AR B M E R IR I Z R0, SR SR, URER
NGAL Z/rH gt 2% .  PNBM A7 G R (£ 2).

3.3. [N& W NGAL 1EiZ2HT PNBM RIS RES R

V42 R Z A R Ge it 22 BRI B NGAL 7K P2l 52038 T.1E i 2% (receiver operating curve, ROC)
(WL 1), 8 H # 28 N i (area under the curve, AUC). 4558 EoR, N NGAL ] AUC 4 0.936, ®
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PN 84.38%, N 100% (WL 3). %45 AL R A W NGAL HA B2 Wik B .

Table 2. Multifactor analysis of cerebrospinal fluid indicators

® 2. MERIERHNZER S

BE Wals 18 P{E OR 95% CI
i 5 0 b 1.125 0.908 0.177 3.403 0.575~20.152
AR EA -1.235 0.836 0.140 0.201 0.056~1.497
Jioi 6 1 41 e <0.001 0.001 0.977 1.000 9.997~1.002
i B % TR A% 2 -0.025 0.034 0.468 0.976 0.912~1.043
P R AT 41 i <0.001 <0.001 0.955 1.000 1.000~1.000
I VR R A 8.555 6.525 0.190 5192.197 0.015~1.859 * 10°
NGAL -0.138 0.056 0.013 0.871 0.781~0.972
1004
80
2
> 604
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Figure 1. ROC curve of cerebrospinal fluid
NGAL level
E 1. &% NGAL 7K F/) ROC #hzk
Table 3. NGAL Diagnostic Effectiveness Analysis
%% 3. NGAL 2R3 g o 4hr
AUC R e At W1 (ng/mL)
0.936 84.38 100 475

4. Wi

MR AR5 ARG — B ™ B A FARAR SISO, R AT RERIKE . At
BRI B R U B R AR, AP RTINS Dh R KRR AIC. EAh, SRV IR 2 K
HEINRER G A R 2R, BTN R — B REE ARG [11]. HEARIE, AR SMREAR KT AR A %
SRR G RSN G . BEAh, Richardson S5[12]F 78 KL, FARMFIAIK T 4 /NRF R 81 R A= i Py gk
Ge, 1M R AN NG = 5 AR (10 28 2 1) S8 XU R AR IZ A BRI 9.4 5. 55— Tl IR b R A
AR L PR ZR TR P A IR R R A 3R, SR AR BRI R B LT DAY A T 0 P B e A R X
Kr, HA2 RNl REME T 1 — LT P B B AR, N TS WT R . BEXT A RS, RIS
TR ISR T, 2RI P 24 SR B R AT DU b AT PRI S L, B B X 41 B K A S AT R 1E 14
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FAZG, U9R AR T NG M A S G 1 e i ZE[13]. E A, A S 12 i) 0 (CD C) Mo i P B e Fr 12
Wr O BRI AKHE , (ER B T2 W RCRAR . A IET T SE R R, I PR b Sy A 37— B Rt 5 S P Ay Je%
Jegl i R 2 W A [14].

S AP PR R i DL PRI ARRE R S R BT N i s o SRTTT, E—SSh Z2 SRS 2, il of
PERGZE R B Y LA, 8RR PP 0 SORE BRSE DA £ R R R Y O S A B A TR
i, WA REAEE R RIEIR[15]. thAh, A2 Geiah R MR R bR B8, Bl 4. Pk 2
P S B S5 A I R VBB A 75 P N SRR e it 7 RS, (RO IR BSRAR IR R AN . BEUR I, I
21 e AR MR 2R B T B8O S TR A S R RS AT R R L TG 22 0 [16] o R R AR A
RGPIR W B WILEILRMER . 7R BRI S WA S 2 W 2, A VR A= A A TR 40
R b A AT B, HEEAREA: W RAMT 8, BEAKE, KRR T /KPR R
8o IRESRTIN T7 V5 B AR U, R R S W P B S A (R TR R ) AR A A Bk = —
SENS SR, AR A IR S P PR SR R 2 T TR [ 17 o I VIR P 4 T 5 9 A 2 ER T o Aol A Ay o ) B
JRYSIH T SRR “ Shrue” o (BJE, HERIRIJTFER, HAFR A IR A 5 9% . eI R
FIVERR, I A B R R R AN L) 10% 45 47, TR R 2 E00T 78 24 A 10%~20% [ 46 H 2R [5]
[6]c H AR _FEEXT A S5 i A RS G V2 W 32 SRR 5 v A 0 5 0 VR B o SR EH T4 4 R 4 i
PN -5 T AR 2238 P57 B A A AR B PRI 22 SORE SN, IX S FR AR A AT AN R B 56 e B IR AR [18] . BT
I R b S 7 — bR S 1 (R R P P SRR G A SR R 2 Wb 540

NGAL FJ H A PR 4 H FH B A 20 P AR A A (E AR Rt S 7 2 2 e I 00 A ik 28 B 4 i s, 7T LA
7242 NGAL [19]. HAEN—MZ 2 EiiES, @E S5 R MIEA0]. 76 RHE RGRIFR
R, NGAL FILARIEZFEM, BA MRS ERBE ERM[8]. 1Ak, NGAL & rf DLEA (k&
R ARG A, DA B (i g G2 A T A% 2 K B AL R T PE FH [20]« NGAL 7KSF38INAE 2 Fh X s 2 1 R
GUEIR RIS, R R AN TR . 2 AR . MRS . R TERCEBE A [21]. AR
1M, FAEPREAMREAR 5 HE A R M B b i R AR . FEFRATTAORF T, FRATR I NGAL 7K
SPAEAPEAMRIAR JG R AR Y, 2 2P EPIRES, IR HZE PNBM G fER R &R, B RIFH2Wakae.
JE BIRIAEY R BIREAS R g AT 3 — 2P BRI

R FAFAE— B ERE . E%, fEFTARIFTAE BEY, UF 6 NIANEE TR, Briddeat
AT NGAL TR 40 B G R B . 725 B Forh, JRAT 7R B R SR AN B R 7R P R AR AR, DU
RE NGAL 555 e M IR PR K R HIR, I I TCRIREA L i 25 e A, = 1E
W NIREREA, WO BATANE 2 W M0 25 X Rl 22 28 G J5 R M o HL 15 2 = A il

5. &hig

5 FRTR, A NGAL S H L3 A Hh 28 20 A AR I 40 T e 1 S e B 0 87 s o [ 25
BATRAENSWI S, SIS K IIREA P AT HE— B B0 0E,  DARRZR FLIG R 52 BR 7 F A48
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