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Early identification of delayed cerebral ischemia following aneurysmal
subarachnoid hemorrhage: development and validation of a multifactorial clinical

prediction model
ZHENG Hui, TAO Yihao, JI Xiang, MA Ying Department of Neurosurgery, the Second Affiliated Hospital of
Chongqing Medical University, Chongqing, China

[Abstract] Objective To develop and validate a nomogram incorporating postoperative blood
pressure and other multifactorial predictors for the risk of delayed cerebral ischemia(DCI) following surgical
clipping in patients with aneurysmal subarachnoid hemorrhage(aSAH). Methods This retrospective cohort
study consecutively enrolled 272 aSAH patients who underwent aneurysm clipping at the Department of
Neurosurgery, Second Affiliated Hospital of Chongqing Medical University from January 2018 to January
2022. Demographic, clinical, and imaging data were collected. Predictors were screened using LASSO

regression, and a multifactorial logistic regression-based nomogram was constructed. The dataset was
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randomly divided into training(n=190) and validation(n=82) sets at a 7:3 ratio. Model discrimination,
calibration, and clinical utility were evaluated using the area under the receiver operating characteristic curve
(AUC), calibration curves, and decision curve analysis(DCA), respectively. Results Among 272 enrolled
patients, 98(36%) developed DCI. Multivariate analysis identified age(OR=0.97; 95%CI: 0. 94~0.99; P=
0. 036), World Federation of Neurological Surgeons(WFNS) grade(OR=1. 36; 95%CI: 1. 02~1. 82; P=0. 038),
Fisher grade(OR=1. 44; 95%CI: 1.01~2. 05; P=0. 048), and mean arterial pressure on postoperative day 2
(OR=1.06; 95%CI: 1. 03~1. 09; P<0. 001) as independent risk factors for DCI. The model achieved C-indices
of 0. 739 (95%CI : 0. 668~0. 810) in the training set and 0. 760 (95%CI: 0. 647~0. 872) in the validation set.
Calibration curves demonstrated high agreement between predicted and observed probabilities(mean absolute
error=0. 027), while DCA confirmed significant net clinical benefit at threshold probabilities of 15%~65%.
Conclusion We successfully developed a predictive model incorporating age, WFNS grade, Fisher grade,

and postoperative day 2 mean arterial pressure, with elevated postoperative blood pressure identified as an

http ://aammt. tmmu. edu. cn

early critical indicator for DCI development.
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Table 1 Baseline characteristics of patients with aneurysmal subarachnoid hemorrhage after clipping surgery,
stratified by DCI status [1n(%) ,M(P,;, P,;) ]

Variable Total (n=272) pel P
Non-DCI group(n=174) DCI group(n=98)
Agelyears 58.00(50.0,65.0) 59. 00(51. 00, 66.00) 55.00(48.25,64.00) 0.014
Aneurysm diameter/mm 5.15(4.07,7.50) 5.30(4.20,7.30) 5.00(3. 85, 7.60) 0. 439
MAP on admission/mmHg 108. 00(99. 00, 120. 00) 106. 00(98. 00,121. 00) 109. 50(100. 00, 118.50) 0.433
MAP on postoperative day 1/mmHg 92.00(87.00,97.00) 91.50(87.00,97.00) 92.50(87. 25, 98.00) 0. 630
MAP on postoperative day 2/mmHg 94.00(88. 00, 99.00) 92.00(85.25,97.00) 98.00(92. 00, 102.00) <0. 001
Gender 0.039
Female 177(65.07) 121(69. 54) 56(57.14)
Male 95(34.93) 53(30. 46) 42(42.86)
History of hypertension 0. 880
No 151(55.51) 96(55.17) 55(56.12)
Yes 121(44.49) 78(44. 83) 43(43.88)
History of diabetes 0.585
No 258(94.85) 166(95. 40) 92(93.88)
Yes 14(5.15) 8(4.60) 6(6.12)
Smoking history 0. 487
No 201(73.9) 131(75.29) 70(71.43)
Yes 71(26.1) 43(24.71) 28(28.57)
Drinking history 0.323
No 209(76. 84) 137(78.74) 72(73.47)
Yes 63(23.16) 37(21.26) 26(26.53)
WFNS grade 0.376
I 125(45.96) 84(48.28) 41(41.84)
I 67(24.63) 45(25.86) 22(22.45)
i 34(12.5) 20(11.49) 14(14.29)
v 46(16.91) 25(14.37) 21(21.43)
Fisher grade <0. 001
1 29(10. 66) 22(12.64) 7(7.14)
2 96(35.29) 69(39. 66) 27(27.55)
3 77(28.31) 56(32.18) 21(21.43)
4 70(25.74) 27(15.52) 43(43.88)
Decompressive craniectomy 0. 065
No 201(73.9) 135(77.59) 66(67.35)
Yes 71(26.1) 39(22.41) 32(32.65)
Hunt-Hess grade 0.412
1 30(11.03) 19(10.92) 11(11.22)
2 144(52.94) 98(56.32) 46(46.94)
3 66(24.26) 37(21.26) 29(29.59)
4~5 32(11.76) 20(11.49) 12(12.24)
Preoperative intracranial hematoma 0.674
No 212(77.94) 137(78.74) 75(76.53)
Yes 60(22.06) 37(21.26) 23(23.47)
Aneurysm location 0.794
Anterior circulation 254(93.38) 163(93. 68) 91(92. 86)
Posterior circulation 18(6.62) 11(6.32) 7(7.14)
Postoperative rebleeding 0.762
No 230(84.56) 148(85. 06) 82(83.67)
Yes 42(15.44) 26(14.94) 16(16.33)

DCI: delayed cerebral ischemia; MAP: mean arterial pressure
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Table 2 Regression coefficients and odds ratios of predictors in the multivariable logistic regression model

Variables OR(95%CI) P Adjust OR(95%CI) Adjust P
MAP on admission/mmHg 1.00(0. 99~1.02) 0.539
Fisher grade 1.78(1.35~2.34) <0. 001 1.44(1.01~2.05) 0. 048
Agelyears 0.97(0.95~0.99) 0.021 0.97(0.94~0.99) 0. 036
WEFNS grade 1.68(1.35~2.09) <0. 001 1.36(1.02~1.82) 0.038
MAP on postoperative day 2/ mmHg 1.07(1.04~1.10) <0.001 1.06(1.03~1.09) <0.001
MAP on postoperative day 1/mmHg 1.01(0. 98~1.04) 0. 707
Gender 0. 040 0.248

Male 1. 00(reference) 1. 00(reference)

Female 1.71(1.02~2. 86) 1.40(0. 79~2. 49)
Decompressive craniectomy <0. 001 0. 745

1. 00(reference )
2.58(1.47~4.52)

No
Yes

. 00(reference)

.13(0.55~2.29)

—_— =

OR: odds ratio; CI: confidence interval; MAP: mean arterial pressure
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Figure 2 Nomogram for predicting the occurrence of delayed cerebral ischemia
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Figure 3 Receiver operating characteristic curves of the model in the training (A) and validation(B) sets
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Figure 5 Decision curve analysis of the model in the training (A ) and validation(B) sets
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