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Risk Nomogram Prediction Model for Cerebral Edema in

Patients With Hypertensive Intracerebral Hemorrhage
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[Abstract] Objective To establish and validate a risk prediction model for cerebral edema in patients with
hypertensive intracerebral hemorrhage (HICH). Methods A total of 320 HICH patients from January 2020 to March
2025 were retrospectively selected and divided into a training set (n = 224) and a validation set (n = 96) at a ratio of 7 : 3.
Based on the occurrence of cerebral edema, the training set was divided into a cerebral edema group (n = 71) and a non-
cerebral edema group (n = 153), and the validation set was divided into a cerebral edema group (n = 31) and a non-
cerebral edema group (n = 65). LASSO regression was used to screen variables, followed by multivariate logistic analysis,
and a nomogram prediction model was established. The model was validated using the receiver operating characteristic
(ROC) curve analysis and calibration curve. Results There were 71 cases (31.70%) in the training set and 31 cases
(32.29%) in the validation set with cerebral edema. Statistically significant differences were found in age, hematoma
volume, Glasgow Coma Scale (GCS) score, National Institutes of Health Stroke Scale (NIHSS), serum matrix
metalloproteinase-9 (MMP-9), angiopoietin-like protein 2 (ANGPTL2), and thrombospondin-1 (TSP-1) levels between
the cerebral edema and non-cerebral edema groups (P < 0.05). Multivariate logistic analysis showed that hematoma
volume (odds ratio [OR] = 1.227, 95% confidence interval [CI]: 1.115-1.351), GCS (OR = 0.700, 95% CI: 0.569-0.862),
NIHSS (OR = 1.176, 95% CI: 1.030-1.342), MMP-9 (OR = 1.017, 95% CI: 1.009-1.026), ANGPTL2 (OR = 3.759, 95% CI:
1.784-7.919), and TSP-1 (OR = 1.097, 95% CI: 1.046-1.149) were influencing factors for cerebral edema in HICH patients
(P < 0.05). ROC curve analysis showed that the area under the curve (AUC) of the training set was 0.930 (95% CI: 0.886-
0.962), and that of the validation set was 0.952 (95% CI: 0.915-0.990). The calibration curve showed that the prediction
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curves of the training and validation sets were consistent with the standard curve. Conclusion Hematoma volume, GCS,
NIHSS, serum MMP-9, ANGPTL2, and TSP-1 levels are influencing factors for cerebral edema in HICH patients, and the

nomogram model constructed based on these factors has demonstrated efficacy.

[Key words] Hypertensive cerebral hemorrhage
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HICH patients from January 2020 to March 2025

S

Inclusion criteria:

Meets the diagnostic criteria for hypertensive cerebral
hemorrhage as stipulated in the "Chinese Multidisciplinary
Diagnosis and Treatment Guidelines for Hypertensive
Cerebral Hemorrhage"

Conf irmed by cranial CT imaging examination

Amount of bleeding is greater than 30 mL

History of hypertension

A ge> 18 years old

Clinical data are complete and without omissions
Exclusion criteria:

Cerebral hemorrhage caused by rupture of intracranial
aneurysms, arteriovenous malformations, or other diseases

Presence of blood disorders or systemic diseases

Long-term use of anticoagulant or antiplatelet dr ugs

History of previous brain surgery

evere dysfunction of major organs
Combined malignant tumors

Suf fering from a rare genetic disorder
L oss to follow-up or death

Finally, 320 patients with HICH were selected. The
patients were divided into a training set (n = 224) and a
validation set (n = 96) in a ratio of 7:3.

The training set was divided into the brain edema group
(n=71) and the non-brain edema group (n = 153), and a
logistic regression model was constructed.

!

The model was validated using the brain edema group in the
validation set (n = 31) and the non-brain edema group (n = 65).

B 1wt iR E

Fig 1 Flowchart of case selection process
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Table 1 Baseline data of patients in training set and validation set

Factor

Training set (n = 224)

Validation set (n = 96)

Cerebral edema Non-cerebral edema

group (n="71) group (n =153)

group (n = 31) group (n = 65)

Cerebral edema Non-cerebral edema

Sex/case (%) Man 36 (50.70) 85 (55.56) 0.498 15 (48.39) 35 (53.85) 0.617
Woman 35 (49.30) 68 (44.44) 16 (51.61) 30 (46.15)
Age#/yr. 63.65 £ 6.06 61.95 £ 5.68 0.043 63.06 +5.73 61.34 £ 5.07 0.032
Hypertension course’/year 4.37 £1.09 420+ 1.11 0.285  4.25+1.07 417 £1.13 0.617
SBP#/mmHg 183.47 +19.77 178.87 £ 21.34 0.126 183.17 +21.30 179.41 + 20.15 0.403
DBP#/mmHg 103.74 + 13.54 101.84 + 14.39 0.350 99.96 +16.72 100.23 + 15.03 0.937
Smoking history/case (%) Yes 20 (28.17) 39 (25.49) 0672 8(25.81) 12 (18.46) 0.407
No 51 (71.83) 114 (74.51) 23 (74.19) 53 (81.54)
Alcohol consumption history/case (%) Yes 24 (33.80) 56 (36.60) 0.684 11 (35.48) 17 (26.15) 0.347
No 47 (66.20) 97 (63.40) 20 (64.52) 48 (73.85)
Comorbidities/case (%) Diabetes 15 (21.13) 27 (17.65) 0.535 8 (25.81) 14 (21.54) 0.642
Coronary heart disease 17 (23.94) 26 (16.99) 0.219 5(16.13) 10 (15.38) 0.836
Hyperlipemia 11 (15.49) 20 (13.07) 0.625 4(12.90) 7 (10.77) 0.971
Bleeding location/case (%) Cerebral hemisphere 48 (67.61) 103 (67.32) 0.988 19 (61.29) 42 (64.62) 0.715
Cerebellum 19 (26.76) 42 (27.45) 8 (25.81) 18 (27.69)
Other 4(5.63) 8(5.23) 4(12.90) 5(7.69)
Volume of hematoma’/mL 50.41 £ 4.97 4628 +4.49 <0001 50.23 473 4625473 <0.001
Hematoma rnorphology*/case (%) Regular 37 (52.11) 86 (56.21) 0.566 15 (48.39) 37 (56.92) 0.433
Irregular 34 (47.89) 67 (43.79) 16 (51.61) 28 (43.08)
GCS' (score) 8324225 9.69 +2.31 <0001 826+2.18 9.78 £2.30 0.005
NIHSS’ (score) 17.71 £ 3.52 1434£329 <0001 17.67 %3.45 1442322 <0.001
WBC/(x10°L™) 16.01+3.74 15.89 + 3.82 0.826 15.84 +3.48 1537 £3.67 0.552
PLT#/(XIO9 Lfl) 131.69 + 53.57 135.80 + 50.23 0.578 130.14 + 50.76 133.70 + 52.33 0.754
MMP*9‘/(ng/mL) 227.98 + 64.61 169.24 £ 53.07 <0.001 224.25 + 62.02 167.38 + 50.85 <0.001
ANGPTLZ#/(pg/L) 1.97 £ 0.66 1.45 £ 0.54 <0.001 1.98 £0.73 1.34 £ 0.51 <0.001
TSP-1"/(ng/mL) 72.74 +10.11 63.26 £ 9.53 <0.001 72.74+9.63 63.63 +10.34 <0.001

GCS: Glasgow Coma Scale; NIHSS: National Institutes of Health Stroke Scale; MMP-9: serum matrix metalloproteinase-9; ANGPTL2: angiopoietin-like
protein 2; TSP-1: thrombospondin-1; WBC: white blood cell; PLT: platelet count; SBP: systolic blood pressure; DBP: diastolic blood pressure. I mmHg=0.133

KkPa. " The data is presented as X s.

F2 SEHZEKRE
Table 2 Multiple collinearity test

Factor Tolerance Variance inflation factor
Age 0.941 1.063
Volume of hematoma 0.830 1.205
GCS 0.903 1.108
NIHSS 0.905 1.105
MMP-9 0.787 1.271
ANGPTL2 0.748 1.338
TSP-1 0.801 1.248

All abbreviations are given in the footnote to Table 1.
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Fig 2 LASSO regression path coefficient profile plot
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12l Table 3 Multivariate analysis of cerebral edema in HICH patients
o L
Q
=i
S10F Factor B SE Waldy P OR  95%CI
<08}
= Age 0.026 0.034 0.591  0.442 1.027 0.960 ~ 1.098
g 0.6 +
g 04 Volume of hematoma 0.205 0.049 17.480 <0.001 1.227 1.115 ~1.351
0.2 s . . - . . .
8 7 6 5 4 3 5 . GCS —0.356 0.106 11300  0.001 0.700 0.569 ~ 0.862
log (A)
NIHSS 0.162 0.068 5.739  0.017 1.176 1.030 ~ 1.342
3 LASSO[EIA3; X GiE E
MMP-9 0.017 0.004 17.139 <0.001 1.017 1.009 ~ 1.026
Fig 3 LASSO regression cross-validation graph
’MK H—O.356XGCS+O,162><NIHSS+0.()17><MMP_ ANGPTL2 1.324 0.380 12.129 <0.001 3.759 1.784 ~7.919
9+1.324x ANGPTL2+0.092xTSP-1, S L IR B[] 4 . TSP-1 0.092 0.024 14.876 <0.001 1.097 1.046 ~ 1.149
#l: — % HICHE#, MLAPAF40 mL, GCS 67) .
Intercept —23.610 4.112 32,972 <0.001 —

NTHSS 104, MMP-9 148.7 ng/mL, ANGPTL2 3.44 pg/L,
TSP-1 71.0 ng/mL, WIXF [ (9 FR 53 K15, 48, 15, 30, 85,

B: partial regression coefficient; SE: standard error; OR: odds ratio; CI:

confidence interval. The other abbreviations are given in the footnote to

4077, 3623343, I HRE XTI & A K MO HESR 208 75% Table 1.
_ 0 10 20 30 40 50 60 70 80 90 100
Points e S L B S SO B S B B L S B LS B LE HEL S |
L 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
Volume of hematoma/mL 4= === "44 46 48 50 52 54 56 58 60 62
L 1 1 1 1 1 L 1 1 1 1 1 1 1 J
Ges 161514 13 12 1110 9 8 7 6 5 4 3 2
L 1 1 1 1 1 1 1 1 1 1 J
NIHSS 4 6 8 10 12 14 16 18 20 22 24 26
. L 1 1 1 1 1 1 1 ]
MMP-9/(ng/mL) 0 50 100 150 200 250 300 350 400
L 1 1 1 1 1 1 1 J
ANGPTL2/(pg/L) 0 0.5 1.0 15 2.0 25 3.0 3.5 4.0
L 1 1 1 | 1 1 1 1 1 1 1 1 J
TSP-1/(ng/mL) 35 40 45 50 55 60 65 70 75 80 85 90 95 100
B L n L n n 1 n " i 1 L " n 1 L " n 1 L L n 1 " " n 1 " n J
Total points 0 50 100 150 200 250 300 350
RlSk | S E—

0.1 0.30.50.7 0.9

& 4 HICHE & H & fa sk I i 51 2% E 45 5Y

Fig 4 A nomogram model for concurrent cerebral edema in patients with HICH

All abbreviations are given in the footnote to Table 1.
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Fig 5 ROC curves of the training and validation set nomograms for

predicting cerebral edema in patients with HICH



792 PR (BE2E R 5 5745
Lot Lol ' -

Z 08} Zosl /

i) ) 7

3 [ o

£ 06} £ o6t /

& &  d

= 04} P s 041 S

2 o Apparent = Apparent

< 02} P — Bias-corrected < 0.2 _ Bias-corrected

e Ideal P Ideal
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
Predicted probability Predicted probability

B =1000 Predicted Pr ~ Mean absolute B=1000 Predicted Pr ~ Mean absolute
repetitions, {Cerebral error = 0.021 repetitions, {Cerebral error = 0.033

e boot edema = 1} n=224 e boot edema = 1} n=96

B 6 )il k& S0 S H 5 2k E FUNHICH 2B 3 3 4 7k By e v o 2 B

Fig 6 Calibration plot of the nomogram predicting concurrent cerebral edema in HICH patients in the training and validation sets

A, Training set; B, validation set.
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Fig 7 Decision analysis curves for predicting cerebral edema in HICH

patients using the nomogram from the
validation set

A, Training set; B, validation set.
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