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Abstract: Objectives: To identify the risk factors and evaluate preventive strategies for postoperative cerebral infarc-
tion (Cl) in patients withhypertensive intracerebral hemorrhage (HICH). Methods: This retrospective study included
268 patients who underwent surgery for HICH at Yiwu Central Hospital between November 2022 and November
2024. Among them, 50 developed postoperative ClI (Cl group), while 218 patients did not (non-Cl group). Logistic
regression analysis was used to identify independent risk factors for postoperative Cl, and receiver operating char-
acteristic (ROC) curves were generated to assess the predictive performance of the identified variables. Results:
Among the 268 HICH patients, 50 patients developed postoperative Cl, resulting in an incidence of 18.66%. Com-
pared to the non-Cl group, patients in the Cl group had notably lower Glasgow Coma Scale (GCS) scores, and larger
hematomas and higher brain edema volumes (all P<0.001). Logistic regression analysis identified systolic blood
pressure (P<0.001; OR: 1.169; Cl: 1.099-1.244), diastolic blood pressure (P=0.027; OR: 1.094; CI: 1.010-1.185),
GCS score (P=0.017; OR: 0.753; Cl: 0.596-0.951), and hematoma volume (P=0.004; OR: 1.229; Cl: 1.067-1.414)
as independent risk factors for postoperative Cl in HICH patients. The combined predictive model yielded an area
under the ROC curve (AUC) of 0.867. Conclusions: Elevated systolic and diastolic blood pressure, lower GCS scores,
and larger hematoma volume are independent risk factors for postoperative Cl in HICH patients.
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Introduction

Hypertension is a leading cause of spontane-
ous intracerebral hemorrhage, and hyperten-
sive intracerebral hemorrhage (HICH) is not
only common in the elderly but also increasing-
ly prevalent in middle-aged and young individu-
als [1]. Chronic elevation of blood pressure
leads to arteriolosclerosis in cerebral arteries,
characterized by deposition of amorphous ma-
terial between the intima and elastic lamina,
which reduces vascular elasticity and increas-
es fragility [2]. Sustained hypertension may
promote the formation of microaneurysms at
sites exposed to high hemodynamic stress.
Additionally, blood infiltration into the vessel
wall can further contribute to aneurysm forma-
tion. A sudden surge in blood pressure increas-
es the risk of aneurysm rupture, resulting in
intracranial hemorrhage and subsequent hem-
orrhagic stroke [3, 4].

HICH is the most common form of non-traumat-
ic intracerebral hemorrhage, characterized by
rapid onset and high rates of disability and mor-
tality [5]. After HICH, hematoma formation in
brain parenchyma compresses adjacent arter-
ies and veins, leading to ischemia, hypoxia, and
tissue necrosis. Additionally, the degradation
of erythrocytes within the hematoma releases
hemoglobin and other toxic metabolites, exac-
erbating secondary brain injury and perihema-
tomal edema [6]. In severe cases, brain hernia-
tion can occur [7].

Craniotomy for hematoma evacuation remains
the primary treatment for many HICH patients;
however, postoperative complications are com-
mon, with cerebral infarction (Cl) being a major
concern [8]. Particularly, large-area infarction
induces extensive ischemic necrosis or soften-
ing of brain tissue in patients, severely dimin-
ishing their quality of life and prognosis [8, 9].
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The occurrence of postoperative Cl signifi-
cantly increases the disability and mortality
rates in patients with HICH, affecting patient
safety and prognosis [10]. Therefore, identify-
ing risk factors for postoperative Cl is crucial
in clinical practice, as it enables the implemen-
tation of protective measures to prevent post-
operative Cl [9]. However, effective early warn-
ing indicators for postoperative ClI following
HICH remain lacking in current clinical practice,
limiting the ability to implement proactive strat-
egies and reduce its incidence. Therefore, this
study aimed to investigate the predictors and
independent risk factors for postoperative Cl in
HICH patients, to enable prevention.

Patients and methods
Data source

A retrospective analysis was conducted on the
clinical data of 300 patients who underwent
surgical treatment for HICH at Yiwu Central
Hospital between November 2022 and No-
vember 2024. This retrospective study was
approved by the ethics committee of Yiwu
Central Hospital. Due to the anonymized na-
ture of the data and the study’s retrospective
design, the requirement for informed consent
was waived in compliance with institutional
guidelines and applicable regulatory standards
for minimal-risk retrospective research.

Inclusion criteria: Diagnosis of HICH confirm-
ed by brain computed tomography (CT) and in
accordance with the diagnostic criteria of the
Chinese Guidelines for Cerebral Hemorrhage
[11]; Admission within 24 hours of symptom
onset; patients who underwent surgical inter-
vention with evident clinical efficacy and no
other postoperative complications; Availability
of complete clinical data; age >18 years.

Exclusion criteria: patients with cerebral hem-
orrhage caused by other diseases; patients
with concurrent dysfunction of vital organs
such as the lungs, kidneys, or liver; patients
with hemorrhage localized to the brainstem,
cerebellum, or infratentorial regions; patients
with a history of psychiatric disorders or cog-
nitive impairment; patients with previous ClI;
pregnant women.

Based on the above criteria, a total of 268
patients who underwent surgical treatment for
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HICH were ultimately included in the study.
Postoperative cranial CT scans performed with-
in 2 weeks of surgery were reviewed to assess
the occurrence of Cl. Patients were then cate-
gorized into two groups based on the occur-
rence of postoperative Cl: 50 patients who
developed postoperative Cl were included in
the CI group, while the remaining 218 patients
were included in the non-Cl group.

Research method

General information and clinical data of the
patients were collected by reviewing electronic
medical records and imaging data. The collect-
ed information mainly included age, gender,
body mass index (BMI), time from symptom
onset to hospital admission, length of hospital
stay, history of hypertension, systolic and dia-
stolic blood pressure at admission, history of
diabetes, place of residence, Glasgow Coma
Scale (GCS) score, hematoma volume, brain
edema volume, and adherence to standardized
surgical procedures during operation.

Outcome measures

Primary outcome measures: (1) The preopera-
tive GCS scores in the Cl group and non-Cl
group were analyzed and compared. One day
before surgery, each patient’s level of con-
sciousness was evaluated using the GCS,
which assesses eye-opening, verbal response,
and motor response. Total scores of these
three components indicates the degree of con-
sciousness impairment: mild impairment (13-
15), moderate impairment (9-12), and severe
impairment (3-8) [12]. (2) The hematoma and
brain edema volumes were measured one day
preoperatively. Based on CT images, hemato-
ma volume was estimated using the following
formula: Hematoma volume = 0.5 x maximum
long axis (cm) x maximum short axis (cm) %
number of slices, assuming a slice thickness of
1 cm [13]. For brain edema, the area of edema
was delineated on each CT slice using an image
analysis system, and total edema volume was
calculated by summing the edema areas and
multiplying by slice thickness [14]. (3) To iden-
tify independent risk factors for postoperative
Cl, a univariate analysis was first conducted on
each collected variable. Variables with statisti-
cal significance were then included in a multi-
variate logistic regression model to determine
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Table 1. Baseline data of included patients

Factor Cl group (n=50) Non-Cl group (n=218) X2/t P
Age (year) 52.65+3.61 53.03£3.31 0.728 0.468
BMI (kg/m?) 22.97+1.92 23.08+1.95 1.575 0.117
Sex 2.396 0.122
Male 29 100
Female 21 118
Time from onset to hospital admission (h) 12.38+2.76 12.85+2.78 1.087 0.278
Length of hospital stay (days) 23.51+5.83 22.98+8.21 1.409 0.644
History of hypertension (Year) 10.74+2.39 9.64+1.86 3.871 0.001
Systolic blood pressure (mmHg) 157.25+7.34 149.27+6.33 7.802 <0.001
Diastolic blood pressure (mmHg) 99.52+5.86 95.28+4.32 5.829 <0.001
History of diabetes 2.357 0.125
Yes 19 59
No 31 159
Place of incidence 1.329 0.249
Rural areas 34 129
Urban areas 16 89

Note: BMI: Body mass index.

independent predictors of postoperative Cl in
HICH patients.

Secondary outcome measures: (1) The clinical
baseline data of both groups were collected,
including age, body mass index (BMI), gender,
time from symptom onset to hospital admis-
sion, length of hospital stay, history of hyper-
tension, systolic blood pressure, diastolic blood
pressure, history of diabetes, and place of resi-
dence. (2) The overall incidence of Cl among
the included patients was calculated.

Statistical analysis

Statistical analysis was conducted using SPSS
20.0 (IBM Corp, Armonk, NY, USA), and graph
plotting was done by GraphPad Prism 7 (Graph-
Pad Software, San Diego, USA). Counted data
were presented as [n (%)], and inter-group com-
parisons were conducted using the chi-square
test. Measured data were normally distributed
and expressed as (xts). Comparisons of mea-
sured data between the two groups were per-
formed using independent sample t-tests, and
within-group comparisons using paired t-tests.
Logistic regression analysis was used to iden-
tify independent risk factors for postoperative
Cl in patients with HICH. P<0.05 was consid-
ered a significant difference.
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Results
Clinical baseline data

A comparison of baseline characteristics be-
tween the two groups revealed no significant
differences in terms of age, BMI, gender, time
from symptom onset to hospital admission,
history of diabetes, or place of residence (P>
0.05). However, differences were observed
between the two groups regarding hyperten-
sion history, systolic blood pressure, and dia-
stolic blood pressure (P<0.001, Table 1).

Incidence and timing of postoperative Cl

Among the 268 included HICH patients, 50
developed postoperative Cl, yielding an inci-
dence of 18.66%. The onset of Cl occurred
between 1 and 14 days postoperatively, with
an average of (5.10+2.01) days. Specifically,
17 cases occurred within 1-4 days, 31 cases
within 5-9 days, and 2 cases within 10-14 days
postoperatively, as detailed in Table 2.

GCS scores

Preoperative GCS score were significantly
lower in the Cl group (10.61+1.80) compared
to the non-Cl group (12.28+1.73) (P<0.001,
Figure 1).
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Table 2. Incidence and timing of postoperative Cl

showed significantly higher he-

Iltem

matoma volume and brain

Total number of cases

Number of patients with cerebral infarction (incidence rate)

Time of occurrence of cerebral infarction (days)
Distribution of occurrence time of cerebral infarction
1-4 days postoperatively
5-9 days postoperatively
10-14 days postoperatively

Statistics
268 edema volume than the non-
<0. i
50 (18.66%) (23; group (both P<0.05, Figure
5.10+2.01 '
Univariate analysis of postop-
17 erative Cl in HICH patients
31
2 Based on the comparative re-

Note: Cl: cerebral infarction.

*kkk

154 1 1

-
o
|

GCS (points)
T

< <
o o°
0’

Figure 1. Comparison of GCS scores between the two
groups. ****P<0.0001. GCS: Glasgow coma scale.

Hematoma volume and cerebral edema vol-
ume

Hematoma and cerebral edema volumes were
compared between the two groups. In the CI
group, the mean hematoma volume and cere-
bral edema volume were 25.57+1.78 mL and
25.64+8.72 cm?3, respectively. In the non-Cl
group, these volumes were 22.49+1.78 mL and
23.73+6.29 cm?3, respectively. The Cl group
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sults, univariate analysis was
conducted to explore factors
associated with the occuren-
ce of postoperative Cl in HICH patients.
Differences were observed between the two
groups in terms of a history of hypertension,
systolic blood pressure, diastolic blood pres-
sure, GCS score, hematoma volume, and cere-
bral edema volume (P<0.050). These factors
were identified as potential influencing factors
for the occurrence of postoperative Cl (Table
3).

Multivariate logistic regression analysis of
postoperative Cl in HICH patients

In the multivariate logistic regression analysis,
postoperative Cl (occurred =1, not occurred
=0) was set as the dependent variable, with a
history of hypertension, systolic blood pres-
sure, diastolic blood pressure, GCS score, he-
matoma volume, and cerebral edema volume
as the independent variables. Logistic regres-
sion analysis identified systolic blood pressure
(P<0.001; OR: 1.169; CI: 1.099-1.244), diastol-
ic blood pressure (P=0.027; OR: 1.094; CI:
1.010-1.185), GCS score (P=0.017; OR: 0.753;
Cl: 0.596-0.951), and hematoma volume (P=
0.004; OR: 1.229; Cl: 1.067-1.414) as indepen-
dent risk factors for postoperative Cl in HICH
patients (Table 4).

Predictive efficacy of independent risk factors
and their combined detection

To evaluate the predictive performance of each
independent risk factor and their combined
detection, ROC curves were generated. The
combined model yielded an AUC of 0.867,
which was superior to the predictive perfor-
mance of any individual variable (Figure 3;
Table 5).

Discussion

Hypertension is a common chronic condition
in clinical practice and a well-established risk
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Figure 2. Comparison of hematoma volume and cerebral edema volume be-
tween the two groups. A: Comparison of hematoma volume between the two
groups; B: Comparison of cerebral edema volume between the two groups.

*P<0.05; ****P<0.0001.

factor for stroke, which can trigger hyperten-
sive intracerebral hemorrhage (HICH) [15]. Sur-
gical evacuation of hematoma remains the
mainstay of treatment for HICH. However, sur-
gery is a traumatic therapeutic approach that
may lead to postoperative Cl [16, 17]. This
study investigated the incidence and indepen-
dent risk factors for postoperative Cl in patients
with HICH, and explored potential preventive
measures.

In this study, out of the 268 patients included,
50 patients developed postoperative Cl, result-
ing in an incidence rate of 18.66%, which is
notably higher than 11.1% reported by Lin et al.
[18]. The relative high incidence in this study
may be caused by the limited sample size and
a higher proportion of patients with more
severe presentations. In this study, the majority
of postoperative Cl cases occurred between
5-9 days postoperatively. Likewise, a study by
Lin et al. [19] defines early postoperative cere-
bral infarction (ePCIl) as occurring within 72
hours post-surgery, and delayed-type Cl occur-
ring between 3-14 days. This distinction likely
reflects different pathologic mechanisms: ePCl
primarily results from intraoperative mechani-
cal traction or acute hypoperfusion, whereas
delayed CI (DCI) is more likely associated with
hypertensive vasculopathy [20]. These findings
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underscore the need for ti-
me window-specific preven-
tion strategies in clinical pra-

I I ctice.

This study identified a history
of hypertension, systolic and
diastolic blood pressure, GCS
score, hematoma volume, and
cerebral edema volume as
influencing factors for post-
operative Cl in patients with
HICH. Elevated systolic and
diastolic blood pressure, lower
GCS score, and higher hema-
X toma volume were indepen-
dent risk factors for postoper-
ative Cl in patients with HICH.
Possible reasons for this ob-
servation may be multifactori-
al. The arterial blood vessel
wall is composed of three lay-
ers, with the innermost intima
being relatively smooth and
tightly bound under normal
conditions [21]. As indicated in a study by
Toton-Zurafiska et al. [22], chronic uncontroll-
ed hypertension activates the Rho/ROCK sig-
naling pathway and pro-inflammatory factors,
inducing vascular endothelial cell apoptosis
and extracellular matrix degradation, compro-
mising microstructural in-tegrity of the vascular
wall. Under physiologic conditions, cholesterol
participates in the normal metabolism [23];
However, vessel endothelium damage caused
by hypertension facilitates cholesterol infiltra-
tion and plaque formation on vessel walls [24].
Without timely intervention, these plaques gra-
dually accumulate and rupture under continu-
ed hypertensive stress, leading to thrombosis,
cerebral vessel occlusion, ischemia, and sub-
sequent Cl [25, 26]. Xu et al. [27] identified
hypertension as one of the primary risk factors
for HICH, which aligns with the conclusion of
this study.

Lower GCS scores reflect decreased neurologi-
cal function and consciousness levels, indica-
tive of severe neurological injury [28]. In HICH
patients, lower GCS scores may correlate with
the severity of bleeding, compromised cerebral
perfusion pressure, and deterioration of overall
health, all of which increase Cl susceptibility.
Therefore, intensified monitoring and care,
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Table 3. Univariate analysis of postoperative Cl in HICH patients

Factor Cl group (n=50) Non-CI group (n=218) X2/t P

History of hypertension (Year) 10.74+£2.39 90.64+1.86 3.871 0.001
Systolic blood pressure (mmHg) 157.25+7.34 149.27+6.33 7.802 <0.001
Diastolic blood pressure (mmHg) 99.52+5.86 95.28+4.32 5.829 <0.001
GCS score 10.61+£1.80 12.28+1.73 6.100 <0.001
Hematoma volume (mL) 25.57+1.78 22.49+1.78 8.233 <0.001
Cerebral edema volume (cm?) 25.64+8.72 23.73+6.29 2.181 0.034

Notes: Cl: Cerebral infarction; HICH: Hypertensive intracerebral hemorrhage; GCS: Glasgow coma scale.

Table 4. Multivariate logistic regression analysis of postoperative Cl in HICH patients

95% C.I. For EXP(B)

Factor B S.E. Wals df Slg. Exp (B) — —
Lower limit  Upper limit
History of hypertension 0.152 0.104 2.130 1 0.144 1.164 0.949 1.426
Systolic blood pressure 0.156 0.031 24.701 1 <0.001 1.169 1.099 1.244
Diastolic blood pressure 0.090 0.041 4.880 1 0.027 1.094 1.010 1.185
GCS -0.284 0.119 5.650 1 0.017 0.753 0.596 0.951
Hematoma volume 0.206 0.072 8.228 1 0.004 1.229 1.067 1.414
Cerebral edema volume 0.056 0.030 3.554 1 0.059 1.058 0.998 1.121

Notes: Cl: Cerebral infarction; HICH: Hypertensive intracerebral hemorrhage; GCS: Glasgow coma scale.

patients with lower GCS scores
to mitigate Cl risk.

Hematoma volume plays a
critical role in CI risk strati-
fication. Larger hematomas
mechanically compress surro-
unding brain tissue and exac-
erbate cerebral edema, lead-
ing to intracranial hypertension
and cerebral perfusion deficits
[29]. This dual pathophysio-
logy underscores the impor-
tance of timely hematoma eva-
cuation in eligible patients.
Supporting this, Wenz et al.
[30] demonstrated that de-
compressive craniectomy com-
bined with hematoma evacua-
tion reduced DCl-related in-
farctions by 60% in aneurys-
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Figure 3. ROC curves of independent risk factors and their combination for
predicting postoperative Cl in HICH patients. Notes: Cl: Cerebral infarction;
HICH: Hypertensive intracerebral hemorrhage; GCS: Glasgow coma scale.

including respiratory management and strict
blood pressure control, should be provided for
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00-Specificity

I mal subarachnoid hemorrhage
patients (OR=0.2), despite not
improving functional outcome.
Their findings, along with our
data, suggest that timely sur-
gical intervention may mitigate
secondary ischemic injury ca-
used by mass effect. However,

high complication rates (51% in their cohort)
necessitate careful patient selection.
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Table 5. ROC data of independent risk factors and their combination for predicting postoperative Cl in

HICH patients

Asymptotic 95% confidence interval

AUC Standard deviation — —

Upper limit Lower limit
GCS 0.771 0.040 0.693 0.849
Hematoma volume 0.751 0.046 0.660 0.841
Systolic blood pressure 0.792 0.037 0.719 0.866
Diastolic blood pressure 0.714 0.044 0.627 0.800
Joint 0.867 0.035 0.798 0.935

Notes: ROC: Receiver operating characteristic; AUC: Area-under-the-curve; Cl: Cerebral infarction; HICH: Hypertensive intracere-

bral hemorrhage; GCS: Glasgow coma scale.

IN summary, this study explored the combined
predictive efficacy of systolic blood pressure,
diastolic blood pressure, GCS score, and hema-
toma volume for postoperative Cl in patients
with HICH. The model achieved an AUC of
0.867, outperforming the predictive accuracy
of each individual factor alone. This finding indi-
cates that the combined use of these four in-
dependent risk factors significantly enhances
the prediction of postoperative Cl in HICH
patients. Our CT-based predictive model offers
clinically meaningful accuracy while maintain-
ing practical advantages in cost-effectiveness
and accessibility compared to MRI-dependent
approaches, particularly valuable for resource-
limited clinical settings. This pragmatic tool
enables clinicians to assess infarction risk
promptly using routinely available preoperative
data, facilitating timely clinical decision-mak-
ing and individualized preventive strategies.
Methodologically, this study complements the
work of Lee et al. [31] on postoperative Cl in
moyamoya disease. Their PCT-RAPID analysis
identified Tmax >6 s volume >59.5 mL as an
independent predictor of post-bypass infarc-
tion (AUC=0.811). Despite differences in dis-
ease pathology, both studies underscore the
predictive value of quantitative perfusion indi-
ces and volumetric parameters for postopera-
tive ischemic events. This convergence of find-
ings suggests future potential for integrating
perfusion CT-derived metrics into HICH risk
prediction models to further refine Cl risk
stratification.

This study has some limitations. First, as a ret-
rospective analysis, our findings may be sus-
ceptible to biases from unmeasured confound-
ing factors inherent in observational designs;
Second, the restricted scope of variables might
have influenced the robustness of our conclu-
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sions; Third, by focusing exclusively on supra-
tentorial HICH cases, the results cannot be
generalized to hemorrhages in the brainstem or
cerebellum, which have distinct pathophysio-
logic characteristics. Fourth, the lack of formal
inter-rater reliability assessment for hematoma
volume measurements may have introduced
measurement variability. Therefore, future pro-
spective multi-center studies with broader in-
clusion criteria are warranted.

Conclusion

Elevated systolic and diastolic blood pressure,
lower GCS score, and larger hematoma volume
were independent risk factors for postopera-
tive Cl in HICH patients. Early identification and
preoperative intervention should be actively
pursued to reduce the risk of postoperative Cl
and improve patient outcomes.
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