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[ Abstract] Objective To evaluate the risk factors for the development of acute
hydrocephalus (AHC) after aneurysmal subarachnoid hemorrhage (aSAH) and to construct a
prediction model. Methods The clinical data of patients with aSAH treated in the department
of neurosurgery in the First Hospital of Qinhuangdao from January 2015 to January 2024 were
retrospectively analyzed. The patients were randomly divided into the training set and the
validation set in a 7:3 ratio and were also divided into the AHC group and non-AHC group
according to whether they developed AHC or not. The training set was used to construct an AHC
risk prediction model, while the validation set was used to validate the AHC risk prediction model.
The reliability and stability of the risk prediction model were verified by the receiver operating
characteristic curve (ROC), its area under the curve (AUC), calibration curve, and decision
curve. Results A total of 1,062 patients with aSAH were included, among whom 324 patients
developed AHC, with an incidence rate of 30.51%. The training set and validation set had 744 and
318 patients, respectively. Multivariate Logistic regression showed that age >60 years [OR=3.067,
95%CI (1.710, 5.499)], entering the ventricles [OR=7.039, 95%CI (3.792, 13.068)], Fisher grade
IV [OR=3.371, 95%CI (1.335, 8.514)], Hunt-Hess grade IV [OR=6.198, 95%ClI (2.218, 17.324)]
and high level of neuron-specific enolase [OR=1.746, 95%CI (1.581, 1.928)] were independent
risk factors for aSAH patients developing AHC (P<0.05), while the aneurysm located at anterior
circulation [OR=0.397, 95%CI (0.199, 0.790)] was an independent protective factor (P<0.05). The
AUC (95%CI) for the training set and validation set were 0.950 (0.932, 0.967) and 0.969 (0.955,
0.982), respectively; the calibration curve showed that the predicted AHC probability and actual
AHC probability were consistent; the decision curves both indicated that the AHC risk prediction
model had a higher net clinical benefit than the all net clinical benefit. Conclusion Clinical attention
should be focused on patients with aSAH aged 60 years or older, entering the ventricles, Fisher grade
IV, Hunt-Hess grade IV, and high level of neuron-specific enolase, and the AHC prediction model

constructed in this study can provide a convenient tool for early identification of AHC.

[Keywords ] Aneurysmal subarachnoid hemorrhage; Hydrocephalus; Ventricular

rupture; Neuron specific enolase; Risk factors; Prediction model

ol bk 98 M Rk OB T B Il (aneurysmal
subarachnoid hemorrhage, aSAH) 2 IIF K & &
WM ARG 2IEZ —, 29 5% A B35
aSAH", HEGRAFIRFEARM s 7, B AIET R
29339, H 1/3 aSAH £A7FH AL G5
i #L7K Chydrocephalus, HC ) J& aSAH 5 UL ™
EIFRAE, MAMERFIK (acute hydrocephalus,
AHC) 7 aSAH [ YRR 20%~63%, H
5 00 2 B R B AH G, AHC RAL 234813 aSAH
BE R ZIEE, BLImRRAL, B SiE
aSAH RIS B H e 7. Bk,
PUI| aSAH %4 AHC fER R R, Il e I I

P2y, XA AHC K42 . k3% aSAH M
H VG BRI R AAT B

REAT I 50 300 s Wk DX BT M o LR AE ( Hunt—
Hess 3494, SR Fisher 0% ) . FARIE (L8
MR A ) %52 aSAH B Kk A= HC [k 7 16 16
R P aRT, B —fE G PR 25 1R aSAH & A
AHC W HTNRE T8 B, BRI T H6 R 7a 2
BEE AT AN R, ST 2R E N R T
FIBLAS 27 ST AR I PR A3z, dnfil
PRI IR J I & HC A TSRy U0 SR,
F TR0 P ek O S Js HES I AT aSAH 975 i DR AS
[|], DA B 4 ke PO BT s 1S I 2% HC P A

yxxz.whuznhmedj.com



EZFA 2024 £ 9 A% 34 £5 9 H] New Medicine, Sept. 2024, Vol.34, No.9 1001

RUFARIE T aSAH, Ak, B4 FmbRfrsy U
FEAEREAC /N, BERURE MR 0 IE S 2 1 SRy R
PE, JCETE A R IR BT R, &5 b, AR
W FE AR IRE aSAH Jf & AHC 1S
B ZE, JEA B, GRS RS
1 FRETA
1.1 HRMH

VEHL20154FE 1 H 22024 4FE 1 HZ B 5T
S — R BE M AN RHIA B aSAH FE AR M 58 Xt
%, MAbRME: OFER =18 % ; QWRIE (hHE
Sl kR P ek 9 R s 2 T R e ) M sk
PR 7 U 14 3 5 IR B CT Il A8 15 5% W 1 12
Wik aSAH; QFFETG A > 28 d; @il IR 95 44 it
FAH < 10%. HEBRARME: OFF7E ™ EIFTI6E
B DI Re N EE T RE RS QB A BE T2 W
HC; QA N ML IRIE | Fi P e i 24 1 1
SHZSIE ;. @G I N i sl s & . AT
AT BT — R B R AR PR by 2t (It
51 2024KL-018) , FFEARAIERIE .
1.2 Wi K44

R Hp B B K R AR 3R T R R IR
01342 ) ) " iSTFARMEREA T2 W, DA BRI AR,
HAE aSAH 835 3 d WiR & & AHC, 434 AHC
HANFE AHC 4H .
1.3 Z#ERHE

JITAG ARk Y 3 S 1 DA F 9 18] 2R 4 s A
£ MRPEREAE SCRIGE IR 45 S IR L e 5, K
£ aSAH B &4 AHC BT RESZ N Z Y0k, U
. QAN ZERRIE: TR, QBEAEL: )
HH SR | R SRR s (o T RS PR )

WARETORL: R . RS . 2®
S IR IR ORI Sk AL E . ShkiE 5
BRI KN @R BT I IR AR ( Hunt—
Hess 7390 . Fisher 7340 ) ; @il KR M Bl
( high mobility group box—1 protein, HMGBI1 )
IO SR EEALES ( neuron specific enolase,
NSE) | ZL4HMIIH4L (red blood cell, RBC) .
1.4 SZitFEHH
fili FH§ SPSS 23.0 Fl R 3.4.1 F AT 512457
Mro R DI BORPRfE2ZE (345 ) IR,
THECH R LBIECRTA 73 1 (n, %) FoR. R4
7:3 W], K aSAH FBEBEHL T AU ZRAE RN 56 TR
B2, S T ARG RN g6 Tl IXURS: TN A AL . E I 2%
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Table 1. Comparison of the clinical data between the training group and the validation groups (n, %)

Il R YIZEE (n=744) KFSE (n=318) ek Pl
S (%) 0.001 0.969
<60 357 (47.98) 153 (48.11)
=60 387 (52.02) 165 (51.89)
P51 <0.001 0.990
H Pk 367 (49.33) 157 (49.37)
Lok 377 (50.67) 161 (50.63)
WA 0.001 0.974
2 443 (59.54) 189 (59.43)
i 301 (40.46) 129 (40.57)
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Il R YIZEE (n=744) KAFSE (n=318) C{E Pl
R s 0.001 0.969
= 467 (62.77) 200 (62.89)

1 277 (37.23) 118 (37.11)

fR I <0.001 0.987
= 402 (54.03) 172 (54.09)

i 342 (45.97) 146 (45.91)

WEBRI 0.003 0.957
= 144 (19.35) 62 (19.50)

7 600 (80.65) 256 (80.50)

WAz <0.001 0.993
= 412 (55.38) 176 (55.35)

w 332 (44.62) 142 (44.65)

i P 16 S 0.001 0.973
= 436 (58.60) 186 (58.49 )

1 308 (41.40) 132 (41.51)

kRN (mm) © 5.95+1.01 5.98+1.03 -0.345 0.730
kA% 0.007 0.932
R 650 (87.37) 278 (87.42)

ES 2 94 (12.63) 40 (12.58)

7)) Ic A <0.001 0.989
HIEZR 660 (88.71) 282 (88.68)

JEAEH 84 (11.29) 36 (11.32)

Fisher/32% 0.002 0.972
1% 86 (11.56) 37 (11.64)

1% 229 (30.78) 98 (30.82)

11E3 197 (26.48) 84 (26.42)

I\ 232 (31.18) 99 (31.13)

Hunt—Hess/34% 0.008 0.953
19% 62 (8.33) 27 (8.49)

1% 232 (31.18) 99 (31.13)

%% 180 (24.19) 77 (24.21)

V& 270 (36.29) 115 (36.16)

HMGBI1 (ug/L) 5336+ 15.76 53.09 £ 15.63 0.256 0.798
NSE (u/mL) * 8.06 +3.26 8.10+3.27 -0.173 0.862
RBC (10°L) 12.05 +2.96 12.06 £2.93 -0.062 0.951
AHC 225 (30.24) 99 (31.13) 0.083 0.773

E: R EFAREL (X+s ) A7 ; HMGBI. SiE#4 %% KaB1; NSE. # % T4 F M E5{LEE; RBC. 2oamfit4; AHC. Sk Jm

FAIK
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RN . BHIRIG . BN . Iy e . shfik i IR AN Sl R AR T 25 R TG T L

JoE K/, B KR A B . Fisher 43 2% . Hunt—Hess (P>0.05) , HIWL%E 2,
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&2 NEERKRFRBERRSH (n, %)

Table 2. Univariate analysis of the clinical data in the training group (n, %)

Il ARG Ak AHCZH (n=225) EAHCA (n=519) 11l Pl
RS (%) 111.071 <0.001
<60 42 (18.67) 315 (60.69 )
=60 183 (81.33) 204 (39.31)
el 0.231 0.631
Bk 114 (50.67) 253 (48.75)
gl 111 (49.33) 266 (51.25)
W2 AR 1.705 0.192
= 142 (63.11) 301 (58.00)
3 83 (36.89) 218 (42.00)
PRI 1.646 0.200
= 149 (66.22) 318 (61.27)
% 76 (33.78) 201 (38.73)
fR L 2.789 0.095
& 132 (58.67) 270 (52.02)
75\ 93 (41.33) 249 (47.98)
WEPRI 15.444 <0.001
= 63 (28.00) 81 (15.61)
= 162 (72.00) 438 (84.39)
A = 150.507 <0.001
& 201 (89.33) 211 (40.66)
3 24 (10.67) 308 (59.34)
i P o fieh 19.352 <0.001
= 159 (70.67) 277 (53.37)
% 66 (29.33) 242 (46.63)
SRR (mm) 7.43+0.51 5.32+0.08 90.662 <0.001
kI 1.280 0.258
R 201 (89.33) 449 (86.51)
2R 24 (10.67) 70 (13.49)
)} IcE A 19.698 <0.001
HIEFR 182 (80.89) 478 (92.10)
JEEA 43 (19.11) 41 (7.90)
Fisher7} 2% 43.385 <0.001
12 17 (7.56) 69 (13.29)
%% 42 (18.67) 187 (36.03)
113 62 (27.56) 135 (26.01)
VY 104 (46.22) 128 (24.66)
Hunt-Hess/%% 51.820 <0.001
27 10 (4.44) 52 (10.02)
%% 35 (15.56) 197 (37.96)
144 69 (30.67) 111 (21.39)
Ve 111 (49.33) 159 (30.64)
HMGBI1 (ug/L) " 76.12 £ 8.75 4428 + 6.33 55.810 <0.001
NSE (u/mL) * 12.61+1.24 5.98 +0.92 80.694 <0.001
RBC (10°/L) 15.60 = 1.91 10.44 £ 1.37 41.652 <0.001
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K1V Z%[0R=6.198, 95%CI (2.218, 17.324) |
H1 78 NSE 7K3F- [OR=1.746, 95%C1( 1.581, 1.928 )]
J& aSAH BE KA AHC FERINE (P <0.05) ,
T Sk IE 1 T-HiPEER [OR=0.397, 95%CI ( 0.199,
0.790 ) | /2 aSAH & & & /£ AHC 19 & 4 Kl &=
(P<0.05), W4,
2.4 TR E, T4 518IE
HTEN Logistic [ A3 fr s 3, # 3 aSAH
FBE I & AHC JRURS: T A B s 2 1] (&1 1)
ROC 7M1 B /s FE VI 2R AR TG IR AR 34 R 0 HH 8 v 1)
TR RE, H AUC (95%CI) 435114 0.950 (0.932,
0.967) F10.969 (0.955, 0.982) (& 2) . eV
pgErh,  CHUN AHC BESR” R “SEBR AHC AR
FEYA (EI3-A) , mssiukddd, “#il AHC
HES” F“SEBR AHC B3 AW & (K1 3-B)
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Table 3. Assignment of Independent variables

-~ M 77 =X
0 1 2 3
AR <60% =60%
BRI i 2
TYNIES o 2
I A I o 2
B kiR (o JEUERR HITERR
Fisher 43%% 14 H% g% IV
Hunt—Hess 434 14 H4g% g% IV
BhfkiEE KN FEIERAWAN
HMGB1 JEMERA
NSE JEARA
RBC JERA

Hosmer—Lemeshow 2L & i B 46 56 5 7~ VIl 45 41 F
B ELH 9 5 43 3 22.465 (P=0.223) 1 16.707

(P=0.463) . WAHh, VIGREMEUEE , Jesh
LRI R BE B B — eV FERE, deseihgk i T
AR F1 None 28 EJ7, 7170 BBl B HLAT 16 A
SEHME (Bl 4) .

Fz4 aSAHEE X £ AHCHIZ & EE ELogisticE 34547
Table 4. Stepwise multiple—factor Logistic regression analysis of AHC in aSAH patients

Ar i I Wald y*{# OR (95%CI ) PfH
AR (=60%) 1.121 14.147 3.067 (1710, 5.499) <0.001
AR (&) 1.952 38.233 7.039 (3.792, 13.068) <0.001
kIR E (HIERS ) -0.925 6.921 0.397 (0.199, 0.790) 0.009
Fisher/34% 21.554 <0.001
1% Ref.
1K -0.481 1.018 0.618 (0.243, 1.574) 0.313
11E3 0.655 2.192 1.926 (0.809, 4.586) 0.139
INED 1.215 6.607 3.371 (1.335, 8.514) 0.010
Hunt-Hess /3% 16.121 0.001
12 Ref.
1% 0.787 2.281 2.197 (0.791, 6.099) 0.131
1124 0.743 2.229 2.103 (0.793, 5.579) 0.135
IVZR 1.824 12.101 6.198 (2.218, 17.324) 0.001
NSE 0.557 121.619 1.746 (1.581, 1.928) <0.001
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Figure 1. Nomogram of the AHC risk prediction model
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Figure 2. The ROC analysis of the AHC risk prediction model
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Figure 3. The calibration curve analysis of the AHC risk prediction model
E: NG (A) Feliedk (B)
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Figure 4. The decision curve analysis of the

AHC risk prediction model
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B, AnkEAC R S HC 23001, ASRA RRifE— 2009

Wang % "1 3F 2 271 ] aSAH & ) HC B &
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