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Abstract

Objective: To analyze the risk factors for postoperative bloodstream infection (BSI) in patients with
severe intraventricular hemorrhage (sIVH), and to establish a risk prediction model for early clinical
identification and intervention. Methods: Clinical data of 137 sIVH patients who underwent external
ventricular drainage (EVD) combined with invasive intracranial pressure monitoring at the Affiliated
Hospital of Hangzhou Normal University from June 2017 to September 2025 were retrospectively an-
alyzed. Patients were divided into BSI group (n = 20) and non-BSI group (n = 117) based on the occur-
rence of BSI during hospitalization. Univariate and multivariate logistic regression analyses were per-
formed to identify independent risk factors. A predictive model was constructed and internally vali-
dated. Results: The incidence of BSI was 14.6%. Multivariate Logistic regression analysis showed that
elevated preoperative blood glucose (OR = 1.22, 95% CI: 1.01~1.47, P = 0.040) and decreased red
blood cell count (OR = 0.37, 95% CI: 0.14~0.99, P = 0.049) were independent risk factors for BSI. To
explore the predictive value of indicators across different dimensions, two models were developed: a
“core imaging model” based on imaging parameters (ONSD at 2~5 days postoperatively combined
with preoperative blood glucose levels) and a “lab model” based on conventional laboratory parame-
ters (erythrocyte count combined with preoperative blood glucose levels). ROC curve analysis demon-
strated an AUC 0f 0.73 (95% CI: 0.62~0.83) for the core imaging model, indicating good model calibra-
tion. Conclusion: Preoperative hyperglycemia and decreased red blood cell count are independent
risk factors for postoperative BSI in sIVH patients. The predictive model based on postoperative ONSD
and preoperative blood glucose provides moderate risk assessment value for BSI and may prelimi-
narily assist in early identification of high-risk patients, yet its efficacy warrants further validation
through multicenter, prospective studies.
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FREMK % Y 1ML (severe intraventricular hemorrhage, sIVH)J& B & Mt I Ao 15 o fa B 2R R 2 —,
29 7 R H L) 30%~50%, R I AN = R G R RV AR K, S IE R R, SR
2 A FIREE AR 2 DhRESRAA[1] A Rzl it N R JF 51 R VRS, 10 % 41 51 ¥ (external ventric-
ular drainage, EVD)EEA 15 61/ oy [E W U2 H /T sIVH B Rua i o T WFE. 2R, EVD 1ERh—Fh
RNPEERAE,  F B B A) K R 22 IR A 55 ] 3G gk e JXURS: D0 K P A ol = L L P A, Bt 1 ek
QR SRR, W BE TG ARG [1] [2]o BRATA R G A, 3R 409 a) i 37 /2 44 (bloodstream infection,
BSI)[RIFE & #h 28 BEORE AR R IR AORE, AMXEAE RN 18], 38 AT Re 0 24 £ 98RE OB, 9 IR A2 [3]
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K2, W R AR NVERRAEATAR . (% e 2% 52 I [R) S /MR IR R [5] - SR, H RTETXE sSIVH X —4¢ e A BE LI
R R G FAT AR A PR, RS PEAG AL AN 56 35 . WL 42 89 58 /& (optic nerve sheath diameter, ONSD)
YERTCBIFR A VAL PR, I AE RS2 B 0GE, (H L R KU 2 8] 1) 58 R AN BA A [6] [7]. AHE T id@ s =]
JEPE 3BT SIVH 3 IR IR BORE, R0 ARG i B ) R TR 2R, S5 b A AR TS Y, DA A I IR
FHA (EREE R U = fE B R B 4% SR B A 2 1k g

2. ZPEH*E
2.1, — AR

ek 2017 4 6 H~2025 4 9 H T UM IMTE K 2 i & & B 452 EVD WG 61 9 i VR 97 (1) sIVH
B IIRARTERE . GINARHE: (1) Sk CT A WHMIZIHIA IVH, SUNSER H I = 248 (2) GCS
W <8741, Bl Graeb = HIfL1¥r >5 78 (3) KIWEE KM CT kAt la] <24 h; (4) #:3Z EVD Bk
G ICP WIATT « HERRARAE: (1) BEAEAEIREA DO (B IR & mAe ., RoMG. IRETF
RHEE); (2) k9 CT BURREAE, LiEAEFIE ONSD; (3) AJF™EAF That s . B . B
3 5% 1L D) Fi A B e M R S 6 T e S s e A A R 45 R IR s (4) BEUTBERIA e 8. AN 137
B, e B 97 6(70.8%), ot 40 51(29.2%), FRALAERS 55 (48, 64)% .

2.2. MifkBEFSHTARE

Z 3L E CDC FH 5K BEyT % &M Z (NHSN) A SGARHE, 78 LU ME— 2443 SO MRS, (1) =0
1 AN TR (R TS 9 R), IR A IR (R > 38°C). T8l sl I T S5 G AH K I R B 5
(2) [Fl—IFIRIBE P 2 Y b LA M 77 5 2 HE A ) D B BR e ML BT 45 5 TR AR SR i R R B8]

2.3. BiRWIER

PR DU BERl: (1) — Mokl ERE . MER. m R s B PRI S P28 st A BE A
AR S (2) WRPRIEAS: ARAT GCS ¥F4r. AHT NIHSS ¥F4r. ARATmps. M AEHA. C RMEA.
ML (3) FAGAFabs: HiE . HiEA7 . Graeb ¥F4 &AL RiT ONSD. ETD KA J5[9] ONSD.
ETD; (4) ¥8I7 2% SITE HEN A S Bl FEAE ) k. b ONSD M 7E 44z CT EiHE L
EHRER S 3 mm P, VP EEE TR EAT RSN G2 W& IR R ETD & [F—Z il
S AREREN 5 S BE SN 2 TR KBRS . A L R 44 4 G — B I IS AR B T AE XU E 4644 N AL 58
B BORUFYE T Geit 40 #r -

24. GtFESH

K SPSS 25.0 Gtit- B HEAT Bl W . IR ATIESAR B U BbrfE 2 RoR, ARIEA A BERHEL
T (U frpE) R, AL EEBCR IS REA t K256 5 Mann-Whitney U k6. THEBERISETHRIT 2k
Kok Fisher AFHIMEZ L. I HTKH Logistic Bl ARG M G R R . ikt b 2 LA S
B, HHBEERD R AEA . C R EE)S MAE. 40T 7 3 2 sl R B SO, A
I 32 BR T AEA B (AR 20 1), B2 ORI R T SO B ELAE 22 DR 30 M v R E (R R T LS AN ZE 20 i T
BN N B AR . SR H Bootstrap HAlFEVE (S 1000 Y)EAT P EBE0TE, 18 I 15 v il 4R PPN ASE B 0 A 22
5 BR e B — 8. PP <0.05 N EREA GRS
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3. R
3.1 MRBELEBRREERSH

137 B sIVH g, KA MY 20 511(14.6%) . FAR R EoR, B SIRRYAEER . 1
Al RETHEIIREVE . mUEE e BEIRpT s RiliZE st Graeb P43 & ARFT ONSD %577 T
ZRB TG (I P > 0.05). PHAAEARBTMAE. ML AEAEA. CRMNEM. CAMMTH. BEFXRE
Je SR 1) 7 T 22 5 B Geih 22 (3 P < 0.05), W% 1.

Table 1. Univariate analysis of bloodstream infection

F 1 MRBREBEREDT

i BG4 (n = 20) JERRYLH (n = 117) ZI2 8 P {4

R LB (mmol/L) 11.96 (9.36, 16.16) 9.10 (7.60, 11.48) 2.092 0.044
1% A & A (g/L) 37.80 (34.98, 39.38) 40.50 (36.10, 43.60) 2.845 0.004
C M A(mg/L) 3.16 (1.96, 14.27) 1.15 (0.65, 2.41) 1.975 0.048
2L 4H A TH4(x10%2/L) 4.03 (3.46, 4.51) 4.44 (3.95, 4.82) 2.768 0.008
5 KL (IK) 2.50 (1.00, 4.75) 1.00 (0.00, 2.00) 2.195 0.032
SRR ] (d) 62.50 (41.75, 98.25) 29.00 (17.00, 60.00) 2.461 0.018

3.2. ZEAE Logistic EYISHr

BRI R R P <0.05 RIAS B4 N 2 K 2 Logistic [B] VRS, SR FHIZ A 0] 325 (5 1B ) 3R 4T 48 B 7
e, 45BN AR HT MFETHE (OR = 1.22, 95% Cl: 1.01~1.47, P = 0.040) A1 £1 4 il i1 4k 4. (OR = 0.37, 95% Cl:
0.14~0.99, P = 0.049)/2 sIVH #& AR J5 MG AL fE R 3R, W& 2.

Table 2. Multivariate Logistic regression analysis for bloodstream infections
2 2. MREEZEE Logistic [E1)35347

TE B SE Wald 2 P{H OR 95% CI
A HT A 0.198 0.096 4.232 0.040 1.22 1.01~1.47
EAR 1] ok -0.999 0.509 3.847 0.049 0.37 0.14~0.99

3.3. FANEEIE SRV

NIRBAFILEFE SRR ( “RAAR S Fabn” X W MLt = fabn 7 YMTIN A, H+% FE 2R 5 ONSD BAE
R R R IE G B E (P = 0.058), (HAEIGIK ERA RS, W@z oG R (R )G 2~5
d ONSD W& A ML) S S5 2 A Y (L 40 B vt HBK & AR F ) B 47 LU 0. ROC 4 dr ik, %
OREIER AUC 4 0.73 (95% ClI: 0.62~0.83), AR J5 2~5 d ONSD 7EAEM H [a] 5 R AL A Giit 245 (P
=0.035). Hosmer-Lemeshow &% P=0.1067, #e/nfiffe s Ry, WA 1. sSEi =AY m) AUC M 0.72
(95% ClI: 0.61~0.83), W% 3. A 1.

Table 3. Comparison of performance for bloodstream infection prediction models
7 3. MRRRRTUNEBIZTAEEL I

il HEZE AUC (95% ClI) ZREEHEP H)
BB A J5 ONSD + AHi Ik 0.73 (0.62~0.83) ONSD: 0.035, Ii##: 0.026
SEIG = AR ZLAHAu T + RET MR 0.72 (0.61~0.83) YAt 4E: 0.048, IfFE. 0.030
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Figure 1. Comparison of ROC curves. (a) ROC curve of the core imaging model; (b) ROC curve of the laboratory model
[# 1. Xtk ROC Bh%k. (a) LG HRE! ROC #h%k; (b) SEIEEHER! ROC phik

K Bootstrap HAHFEZ % O R BB ALBEAT N IBIGRIIE . BEE M 20RO, FERUR TR X 1] A4 T
DML 5 SR A R PG PR HE L s R BT R, 7 0~0.3 A BRMEL MR T il P LAY 1 3 ot v
TR EANT IR WK 2.
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Figure 2. Line chart for predicting the risk of bloodstream infection and its internal validation curves ((a) Line chart, (b)

Calibration curve and (c) Decision curve)
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MFREEGL S SIVH B R R WL RRE 2 —, AMEK 1CU {EREif [A], 36 AT hn e 4 & 205E )k
N, EINPEYT S AR AL [4]. AR sSIVH BE ARG MG R AR N 14.6%, 5 REA 04 BIE B 5 Pk
TP YL R AR — 34 [4] [10]. ASWFFCRBL, ARTHLHE T 5 S LA BT B AR sIVH B3 AR S I sk s
(AT fERG R 2R, FE TR 5 ONSD 55 A R I A4 (14 FROIIASE 28 Xof I JA0 8% G /s H w5 B 1) XU PP i A7
fH.

ISP v AR 2 SRR 47 S5 8 LRI R AL R B, T SR AL TE 7™ B B OIRAS T AR 28 P 2 i
TG S A RN S TR, NI U R PR R IR R IhRE TS B VAR O [11] . AR
B, RHT RS T 2 AR e ST fE R R 22, FERTRE ML G : e IUBRIRES W40 35 mp P 4 P £
W R AR TRE, FRARMUA TS B AR 7 s [RIE, o o m] (i 2 98 0 D5 BRI, i a4 5 988 IR
IG5 B [12] [13]. TRk, XFTF sIVH B, B A0 e S 300 i b i) &% & B % )

2T T BB AR AE ASHIE 70 AR R B XU 389 0 IR 2 (OR < 1, $7 H FR A 5 I e UG T R A O, IX — 45
BAEFRNIR ST o N4 G YA B b, LA (ORI SE S Ig f thfe, HRTH R IAFMASZ /& (ln CR1)
A2 5 G5 MO HE, P BhiE BRIEH 10 5g% 5 64 MR B RN, 78 4 B e B A R S BhVE H
MM BRI, AT RS R AU AZAE 2 MRS B B 4 AN 2, T BUA VRS T B A S e i T e
MR, TERNTERERAE b BB 5N, 2SR AR SR A (2 22 A RE 0 mT REAHT R, T3S I i it
SR AR [14] 0 ASHIFF A L0 A0 A TH B B DR 3 A A PRI TR 2, 2R E A OR < 1, R
CTZH T 25 PR TT RE S R S B i 5 0SS, 5 B e U AR oG, AR BRI AR R 3R . IX — 45 R 48
N, TE SIVH B35 B o B DG B MRS B Xt S 2 ThRE 2 .

AHFFLILKIL, ONSD TEAZ O GA A ih AT Guit-22 3 . ONSD {E NI R WAl Fabr, Hy~
KB R TP R T ERAS[7] [15]. BEAERF LRI, AR RGN AT R I [ 3R A N S i i
& SR A B G SN, R AP R T v R R AR BE AR 4 R G0 B, TS S 4 I T R U A O
AT ONSD 5 NG TR AL, $27 0 A i 1R AS AT BEE 186 G AU 1 45 R HE — e VB, AT 75 A
WE M RIE 72 3 — 2B 50IE .

AW TR IRZ O FAARBA AUC 2 0.73, A Ih 2R J uh 5 i 28 3 BT S 7 ASE R0 70 AR5 e R0 3 BBl P L
AIRRE IR o SRT, LAE IR H, AUC Ky 0.73 AR T H /K- F 1 X 43 B8 77 o VB 9B v o (BB A
SRR TP R R, ERBIINRIIEAE— DR T, FOIG RS SRS R, A E R gl
SRR . AW AR IR EAE: B, RN O RBERT S, AR R, WA E R A
W, AR ERE D 2 bl BURSPERT LI, UhAh, AR RMARIER T BAEIREW S
TR R, M DLAGIOWJZ TR N AR BT B L] .

5. &g

g8 BRTIR, AR IR & AL BRI SIVH B RS M B fE R N & . ST AR
ONSD 5 A Hif ML ) S22 F) LN FR 0T I 3 e e AT v S R P 1) RS VA (L, 1020 Szl Dl R 4R
e BERNESE, BREXTRIAR, TiH2 0. ArIETERT it — PRI R AR e 1L 52 L hE
71, FEWmPRHE) HT R R o HAS
A B

AW I O R B AR B 7 2> AL (FR L5 2025(E2)-HS-034), BB 5, #OA RS A B A R .
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