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Central Nervous System Infection After Neuroendoscopic
and Microscopic Combined Hematoma Removal: Risk
Factors and Construction of a Nomogram

Prediction Model

LIANG Dan ©®, ZHOU Kun, SHU Bo. Neurosurgery Department, Jinyang Hospital Affiliated to Guizhou Medical
University, Guiyang 550081, China

[Abstract] Objective  To analyze the risk factors associated with central nervous system (CNS) infection in
patients after neuroendoscopic hematoma removal combined with and microscopic hematoma removal, and to construct
and validate a nomogram prediction model. Methods A total of 460 patients who underwent neuroendoscopic
hematoma removal combined with microscopic hematoma removal at our hospital between January 2021 and December
2024 were retrospectively enrolled. The patients were assigned to a modeling cohort (n = 322) and a validation cohort (n =
138) in a 7 : 3 ratio. Furthermore, the modeling cohort was divided into an infection group (n = 68) and a non-infected
group (n = 254) according to whether CNS infection occurred. The independent predictors of central nervous system
infection were identified by logistic regression analysis, and a nomogram prediction model was constructed accordingly.
Results  The overall incidence of CNS infection in the 460 patients was 20.65% (95/460). According to the logistic
regression analysis, the independent risk factors for CNS infection in patients after neuroendoscopic and microscopic
combined hematoma removal included a history of diabetes mellitus (odds ratio [OR] = 3.431, 95% CI: 1.300-9.057), the
Glasgow Coma Scale (GCS) score (OR = 0.574, 95% CI: 0.462-0.711), cerebrospinal fluid leakage (OR = 4.492, 95% CIL:
1.430-14.116), operation duration (OR = 1.011, 95% CI: 1.004-1.019), duration of drainage tube placement (OR = 5.452,
95% CI: 2.423-12.268) and albumin (ALB) level (OR = 0.778, 95% CI: 0.720-0.840) (P < 0.05). Based on these risk factors,
a nomogram prediction model was constructed, and the area under the receiver operating characteristic curve (AUC) of
the predicted events in the modeling cohort and the validation cohort was 0.928 (95% CI: 0.895-0.960) and 0.918 (95% CI:
0.885-0.951), respectively. The calibration curve fitted well with the ideal curve (Hosmer-Lemeshow test, P > 0.05), and
the decision curve analysis demonstrated significant net benefit. Conclusion =~ The nomogram model based on history of

diabetes mellitus, GCS score, cerebrospinal fluid leakage, operation duration, duration of drainage tube placement, and
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ALB level demonstrates high predictive performance for CNS infection after neuroendoscopy-assisted microscopic

hematoma removal.
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Table1 Comparison of clinical data between two the groups of patients

Indicator Modeling cohort (n = 322) Validation cohort (n = 138) Xz/ t P
Sex/case (%) 0.166 0.684
Male 156 (48.45) 64 (46.38)
Female 166 (51.55) 74 (53.62)
Agelyr., X£s 57.49 £ 11.52 57.84+11.14 0.302 0.763
BMI/(kg/mz), Xts 22.22+2.26 22.58 £2.74 1.466 0.143
History of diabetes/case (%) 2.605 0.107
Yes 52 (16.15) 31 (22.46)
No 270 (83.85) 107 (77.54)
History of hypertension/case (%) 2.394 0.122
Yes 102 (31.68) 54 (39.13)
No 220 (68.32) 84 (60.87)
History of coronary heart disease/case (%) 0.192 0.661
Yes 44 (13.66) 21 (15.22)
No 278 (86.34) 117 (84.78)
Cerebral hemorrhage site/case (%) 7.117 0.068
Basal nucleus region 143 (44.41) 79 (57.25)
Thalamencephalon 86 (26.71) 32(23.19)
Brain stem 42 (13.04) 11 (7.97)
Cerebellum 51 (15.84) 16 (11.59)
GCS score/points, X § 9.24 +2.41 9.51 +2.08 1.146 0.253
ICH-GS score/points, X+ 5 9.63 +1.44 9.52 + 1.37 0.762 0.447
ASA grading/case (%) 0.577 0.447
[ and I 179 (55.59) 82 (59.42)
Il and IV 143 (44.41) 56 (40.58)
Timing of operation/case (%) 0.071 0.791
Emergency treatment 173 (53.73) 76 (55.07)
Elective opration 149 (46.27) 62 (44.93)
Tracheotomy/case (%) 0.800 0.371
Yes 257 (79.81) 105 (76.09)
No 65 (20.19) 33(23.91)
Prophylactic use of antibiotics/case (%) 1.697 0.193
Yes 126 (39.13) 63 (45.65)
No 196 (60.87) 75 (54.35)
Cerebrospinal fluid leakage/case (%) 3.223 0.073
Yes 42 (13.04) 27 (19.57)
No 280 (0.87) 111 (0.8)
Intracerebral hemorrhage volume/mL, X+ § 32.54+3.78 33.06 + 3.45 1.387 0.166
Operation time/min, X+ s 236.57 + 54.28 241.36 + 53.42 0.871 0.384
Use of ventilator after operation/case (%) 0.867 0.352
Yes 58 (18.01) 30 (21.74)
No 264 (81.99) 108 (78.26)
Drainage tube indwelling time/case (%) 0.159 0.690
<3d 199 (61.80) 88 (63.77)
=3d 123 (38.20) 50 (36.23)
Length of stay/d, X+ s 11.19 £2.32 11.22 £2.63 0.122 0.903
Hb/(g/L), X+ s 99.14 £ 11.37 98.52 £ 10.96 0.542 0.588
ALB/(g/L), X+ 38.65 £ 5.36 38.27 £5.17 0.704 0.482

GCS: Glasgow Coma Scale; ICH-GS: Intracerebral Hemorrhage Grading Scale; ASA: American Society of Anesthesiologists; Hb: hemoglobin; ALB: serum

albumin.
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Table 2 Comparison of clinical data between two subgroups of patients in the modeling cohort

Indicator Infection subgroup (1 = 68) Non-infected subgroup (n = 254) Kt P
Sex/case (%) 0.282 0.595
Male 31 (45.59) 125 (49.21)
Female 37 (54.41) 129 (50.79)
Agelyr., Xxs 57.23£11.34 58.07 £ 11.26 0.546 0.586
BMI/(kg/mz), Xxs 22.57 £2.14 22.43 £2.09 0.488 0.626
History of diabetes/case (%) 11.198 0.001
Yes 20 (29.41) 32 (12.60)
No 48 (70.59) 222 (87.40)
History of hypertension/case (%) 1.713 0.191
Yes 26 (38.24) 76 (29.92)
No 42 (61.76) 178 (70.08)
History of coronary heart disease/case (%) 0.461 0.497
Yes 11 (16.18) 33 (12.99)
No 57 (83.82) 221 (87.01)
Cerebral hemorrhage site/case (%) 2.559 0.465
Basal nucleus region 30 (44.12) 113 (44.49)
Thalamencephalon 20 (29.41) 66 (25.98)
Brain stem 11 (16.18) 31(12.20)
Cerebellum 7 (10.29) 44 (17.32)
GCS score/points, X+ § 8.35+2.04 10.24 +2.13 6.556 <0.001
ICH-GS score/points, X+ § 9.23 +1.37 9.46 + 1.41 1.202 0.230
ASA grading/case (%) 0.773 0.379
[ and 11 41 (60.29) 138 (54.33)
1Ml and IV 27 (39.71) 116 (45.67)
Timing of operation/case (%) 3.202 0.074
Emergency treatment 30 (44.12) 143 (56.30)
Elective surgery 38 (55.88) 111 (43.70)
Tracheotomy/case (%) 0.061 0.805
Yes 55 (80.88) 202 (79.53)
No 13 (19.12) 52 (20.47)
Prophylactic use of antibiotics/case (%) 0.203 0.653
Yes 25 (36.76) 101 (39.76)
No 43 (63.24) 153 (60.24)
Cerebrospinal fluid leakage/case (%) 6.177 0.013
Yes 15 (22.06) 27 (10.63)
No 53 (77.94) 227 (89.37)
Intracerebral hemorrhage volume/mL, X+ s 32.54 +3.12 32.46 +3.31 0.179 0.858
Operation time/min, X+ § 254.36 £ 61.35 227.63 +51.38 3.651 <0.001
Ventilator use after operation/case (%) 0.071 0.790
Yes 13 (19.12) 45 (17.72)
No 55 (80.88) 209 (82.28)
Drainage tube indwelling time/case (%) 31.667 <0.001
<3d 22 (32.35) 177 (69.69)
=3d 46 (67.65) 77 (30.31)
Length of stay/d, X+ s 11.28 £2.74 11.06 £ 2.41 0.649 0.517
Hb/(g/L), X+ s 98.52 £ 11.52 99.63 £ 11.27 0.718 0.473
ALB/(g/L), X£ s 36.24 £5.21 44.28 £ 6.53 9.382 <0.001

All abbreviations are explained in the footnote to Table 1.
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Table 3 Influencing factors of central nervous system infection in patients in the modeling cohort (n = 322)

Factor B SE Z P OR (95% CI)
History of diabetes mellitus 1.233 0.495 2.489 0.013 3.431 (1.300-9.057)
GCS score —0.556 0.110 —5.057 <0.001 0.574 (0.462-0.711)
Cerebrospinal fluid leakage 1.502 0.584 2.572 0.010 4.492 (1.430-14.116)
Operation time 0.011 0.004 3.104 0.002 1.011 (1.004-1.019)
Drainage tube indwelling time 1.696 0.414 4.098 <0.001 5.452 (2.423-12.268)
ALB —0.251 0.039 —6.432 <0.001 0.778 (0.720-0.840)

B: partial regression coefficient; SE: standard error; OR: odds ratio; the other abbreviations are explained in the footnote to Table 1.
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Fig 1 Nomogram for predicting central nervous system infection in patients

The abbreviaions are explained in the footnote to Table 1.
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BRI A 0 BRI T R R 5 B T P T 4R M 2
FARAN5 T B 5 SR I Rl ke Do e %, 1 i A Y B
T A AR, 18 T Je o DA AT 3 2o 78 el 3 AP, HE
T 1o PP A 28 R R JR e KU 7, — T4 X P 8 e P
FURS T AR B 43 BT 87 2, i 08 T e R i Mk B 4% 11 £
WK, SAMR AR AL

ARWFTREE R R, KA F AR B EH ARG AR
P2 R GEIRYL BY G R I (P<0.05), JE IR 2041 b e e
BRI A AR T E N B I ST S5 4 2 SRR A, A
P 40 AN AR S 2 52 1) T R R TG T 3 e, K T e
ERVERTIA], 30 2s S al R A S AR A e A KURS: , L B
S AR AN I AL 23, OGRSt R B, TR B
R L3 hit 3, Ho i b8 R GRG0 2 A R 2

TFARB A B . AFRLER L, 517 HE
B[] =3 dJ £ AR5 T AR 28 3 G R 1 fi B R R
(P<0.05), J5L K 43 BT 2« 5| 45 % 1T o Bk 4 % €60 4 4 R
T 60 S NS S5 A0 TR R R IR AR I, T A= P I
S S RO B s AR 3 A e A T R A TR A
R . BEAb, K] BRI AT BERE IR SRR A 2L e e
i) 553 0 5 VBt B DI RE, DT A s SR AR Sk AR IR AR
AR FTEE R B, IRALBKF R AR G B P 2 R 40
SRR FE S R 2R (P<0.05), 5K 43#7 A7: ALBAKSF- 2 BRAL
RE TR, IRALBAK 1] Al S 20 P 200 i 450 i ik />
o D REREAT, [7] k52 ) 5 005 40 0 A0 78 Wk R o D i At 1
TIfie, SE ) SR G RE T), S ECGRBETR T I, ALK
5 2 FRGL Y  NIESE ) £ H Flogistic M35 Hr4h
e, RJF ALBZKF- (OR: 0.84) & 2 AMEIA 5 15 A Jk e
BB R 1o AHIFFE LT R A P 26 v i A 21) 2 [l A
RURIL T 858 1 X A BE ), AR RS A AUCH 5
iKF0.928F10.918, £ i h 4 55 AL il 2w JBE— 3L
(P>0.05), [AIRHASE ARSI RIS 25 50 i o AR FR 8 ol 2 4
FERR ARG A0 5y T B AR A T, TS B I DR B AR R
SRR e e R e R T 3 5 0 5 A R ) R
T 2H TE AR P ILRE 545 it P AR A 5 J e XU

25 LR, BEIRR B2 . GCSIEAY . B B e . A
WK 51 B B ] B ALBKOE 2 0 2 N BB B 1
B M b B AR5 R AR 2 R GRGL  fE R R R AR
TR AT B PR A 1 51 26 TR R i A A P A
B, SR REAE T AT s Al i e KU 43 2 TR, A B TR
WIS S G B IR XT3 (AR R AR IE T
PRy L, AT REAEAESE BRI, AR BN A Z T
VR ITE— 20 WA LA HE R B, I 38 i BT B e
RIE T FUH i 1) S BRal 2

* * *
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