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Abstract
Background and Purpose: Perihematomal edema (PHE) is one of the severe second-
ary damages following intracranial hemorrhage (ICH). Studies showed that blood–
brain barrier (BBB) injury contributes to the development of PHE. Previous studies 
showed that occludin protein is a potential biomarker of BBB injury. In the present 
study, we investigated whether the levels of serum occludin on admission are associ-
ated with PHE volumes in ICH patients.
Methods: This cross-sectional study included 90ICH patients and 32 healthy controls.
The volumes of hematoma and PHE were assessed using non-contrast cranial CT within 
30 min of admission. Blood samples were drawn on admission, and the levels of baseline 
serum occludin were detected using enzyme-linked immunosorbent assay. Partial cor-
relation analysis and multiple linear regression analysis were performed to evaluate the 
association between serum occludin levels and PHE volumes in ICH patients.
Results: The serum occludin levels in ICH patients were much higher than health con-
trols (median 0.27 vs. 0.13 ng/mL, p < 0.001). At admission, 34 ICH patients (37.78%) 
had experienced a severe PHE (≥30 mL), and their serum occludin levels were higher 
compared to those with mild PHE (<30 mL) (0.78 vs. 0.21 ng/mL, p < 0.001). The area 
under the receiver operating characteristics curve (ROC) of serum occludin level in 
predicting severe PHE was 0.747 (95% confidence interval CI 0.644–0.832, p < 0.001). 
There was a significant positive correlation between serum occludin levels and PHE 
volumes (partial correlation r = 0.675, p < 0.001). Multiple linear regression analysis 
showed that serum occludin levels remained independently associated with the PHE 
volumes after adjusting other confounding factors.
Conclusion: The present study showed that serum occludin levels at admission were 
independently correlated with PHE volumes in ICH patients, which may provide a 
biomarker indicating PHE volume change.
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1  |  INTRODUC TION

Intracerebral hemorrhage (ICH) is a severe type of stroke, ac-
counting for 27.9% (about 3.41 million patients) of all prevalent 
stroke cases worldwide.1 Studies have shown that about half of 
the patients had poor prognoses at 30 days after the occurrence 
of ICH.2,3

Perihematomal edema (PHE), characterized as hypodensity areas 
surrounding the hematoma, on computed tomography (CT) scans, is 
one of the severe secondary damages following ICH.4 Several clinical 
studies have reported that the PHE volume was rapidly developed 
within the first 24 h post-ICH onset, which was associated with early 
neurological deterioration following ICH, resulting in poor progno-
ses.5–7 Therefore, it is important to be able to frequently and conve-
niently evaluate the levels of PHE in ICH patients within 24 h after 
symptom onset, which may assist neurologists in making decisions 
regarding diagnoses and treatment strategies in a timely manner. As 
CT or magnetic resonance imaging (MRI) scanning is time-consuming 
or cannot be frequently used, it is important to identify blood bio-
markers that indicate the PHE volume.

Recent studies have shown that blood–brain barrier (BBB) 
damage was highly associated with PHE development.8–10 In 
addition, experimental studies also reported that ICH induced 
thrombin formation, inflammation, and erythrocyte lysis in the 
surrounding parenchyma, resulting in BBB disruption, and in ac-
celerating development of PHE during the acute phase (4–72 h) 
of ICH.11,12

Occludin has been identified as a key protein of tight junction 
structures and contributes to BBB integrity.13 Our previous animal 
studies showed that occludin in microvessels was degraded during 
cerebral ischemia, with fragments of occludin entering the blood 
circulation.14 Moreover, the level of occludin fragments in serum 
was correlated with BBB permeability, suggesting that serum oc-
cludin levels could reflect the degree of BBB injury after ischemic 
stroke.

In the present study, we determined whether serum occludin 
levels on admission reflected PHE volumes in ICH patients, which 
could provide potential clinical biomarkers for PHE after ICH.

2  |  METHODS

2.1  |  Participants and study design

This cross-sectional study was approved by the Ethics Committee 
of Xuanwu Hospital of Capital Medical University. Written informed 
consents were obtained before enrollment.

The enrolled cases were consecutively screened from 135 ICH 
patients who were admitted to the Department of Emergency Neu-
rology of Xuanwu Hospital of Capital Medical University between 
February 2021 and May 2021. Inclusion criteria were as follows: (1) 
age ≥ 18 years, (2) ICH observed on initial CT scans within 30 min of 
admission, (3) time from onset to hospital <24 h, (4) blood samples 
collected within 30 min of admission, and (5) informed consents were 
obtained. Exclusion criteria included the following: (1) intracerebral 
hemorrhage associated with trauma, aneurysm, or arteriovenous 
malformation; (2) brain tumor stroke, hemorrhagic cerebral infarc-
tion, isolated ventricular hemorrhage, or subtentorial intracerebral 
hemorrhage; (3) inflammatory or infectious diseases, malignant dis-
eases, or immunosuppressive treatment; (4) severe coagulation dis-
turbance disease, severe liver, or renal failure; (5) pregnancy; and (6) 
blood samples occurred hemolysis or chylemia (turbid or milky white 
to the naked eyes, triglyceride >4.66 mmol/L).15,16

Healthy controls were recruited from the Physical Examination 
Center of the Xuanwu Hospital of Capital Medical University on May 
20, 2021 using questionnaires and physical examinations. Inclusion 
criteria were the following: (1) age ≥ 18 years, (2) no previous history 
of central nervous system diseases or psychiatric disorders, (3) blood 
samples were obtained, and (4) informed consents were obtained. 
Exclusion criteria included the following: (1) asymptomatic central 
nervous system diseases discovered by current neurological exam-
inations, (2) inflammatory or infectious diseases, malignant diseases, 
and immunosuppressive treatment; (3) severe coagulation distur-
bance disease, severe liver, or renal failure; (4) pregnancy; and (5) 
blood samples involved hemolysis or chylemia (turbid or milky-white 
to the naked eyes, triglyceride >4.66 mmol/L).15,16

In total, 122 participants completed the study, including 90 ICH 
patients and 32 healthy controls (Figure 1).

F I G U R E  1 The flow chart of case 
recruitment. According to inclusion and 
exclusion criteria, a total of 90 patients 
with ICH and 32 healthy controls were 
included in the present study. ICH, 
intracranial hemorrhage.
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2.2  |  Clinical information collection

The baseline clinical information of all cases was collected from 
questionnaires and electronic medical records (Tables  1 and 2). 
Stroke severities were assessed by trained neurologists at admission 
using the National Institutes of Health Stroke Scale (NIHSS), modi-
fied Rankin Scale, and Glasgow Coma Scale. The investigators, who 
collected the clinical data, were blinded to the measurements of 
blood samples and imaging data.

2.3  |  PHE volume measurements

Imaging data (hemorrhage location, hematoma volume, and PHE vol-
ume) were analyzed by two experienced neuroimaging radiologists. 
If the evaluation results from the two radiologists greatly differed, 
a senior radiologist further verified the data. All radiologists were 
blinded to clinical information and blood data.

PHE refers to the hypodense region around the hematoma 
(hyperdense area) on cranial CT scans. The volumes of PHE were 
semiautomatic analyzedusing archiving communication system and 
RadiAnt DICOM viewer software (version 2022.1.1).17 The total 
lesion (the area of the hypodense region plus hematoma) and he-
matoma were outlined and the area of the PHE on each slice was cal-
culated by subtracting the hematoma area from the total lesion area 
(Figure 2). The volume of the PHE = ∑(PHE area on each slice) × the 
thickness of each slice.

2.4  |  Measurement of occludin levels in sera

Blood samples were collected into vacuum tubes without anti-
coagulants within 30 min of admission. Sera were separated at 
3000 g at 4°C and stored at −80°C for further use. The levels 
of serum occludin were measured using a commercial enzyme-
linked immunosorbent assay (ELISA) kit for occludin (Lifespan Bio-
Sciences) and strictly followed the instructions and procedures of 
manual.

2.5  |  Statistical analysis

Statistical analysis was conducted using SPSS statistical software for 
Windows, version 26.0 (SPSS) and MedCalc software (version 20.10, 
LTD).Kolmogorov–Smirnov test was used to assess the normality of 
continuous variables. Categorical variables were recorded as fre-
quencies (%), and the chi-squared test or Fisher's exact test was used 
to evaluate the association of categorical variables. Continuous vari-
ables for normal distribution were presented as the mean ± standard 
deviation and compared using the t-test. For non-normal distribu-
tion data, variables were expressed as medians (interquartile ranges, 
IQRs) and analyzed using Mann–Whitney U test. The statistical sig-
nificance for all tests was set p < 0.05.

The receiver operating characteristics (ROC) curve was used 
to assess predictive efficacy. ROC-related indexes were also cal-
culated, including the area under the ROC curve, sensitivity, spec-
ificity, positive predictive value, negative predictive value, positive 
likelihood ratio, and negative likelihood ratio. The best cut-off value 
of serum occludin level was obtained using the maximum value of 
the Youden Index. Pearson's correlation analysis was used to ana-
lyze the associations between variables, while partial correlations 
analysis was used to assess the net correlations of variables. Linear 
regression models were constructed to analyze the correlations of 
baseline serum occludin levels (independent response) with PHE 
(response variable) volumes. To satisfy the requirement of a sta-
tistically normal distribution of linear regression and correlation 
analysis, continuous variables for non-normal distribution were 
converted to normal distribution (lg).18 The variables with p < 0.1 
from the simple linear regression analyses were included in the mul-
tiple linear regression model.19 The variance inflation factor (>10) 
and tolerance (<0.1) were applied to make sure the variables in the 
regression analysis were in absence of multicollinearity.20,21

The present study is the first to report the association of serum 
occludin level with PHE.Sample size was calculated, based on our 
preliminary pilot experiment (means ± SD) and incidence rate of ICH 
(27.9%) in 2019.1 The estimated sample size was 117 cases in total, 
including 33 healthy controls and 84 ICH patients (32 healthy con-
trols and 90 ICH cases in fact).

Characteristics ICH patients Healthy controls p Value

Male, n (%) 62 (68.9%) 16 (50.0%) 0.056

Age (years), mean ± SD 62.09 ± 14.22 61.09 ± 12.78 0.387

Medical history, n (%)

Hypertension 67 (74.4%) 22 (68.8%) 0.619

Diabetes mellitus 22 (24.4%) 13 (40.6%) 0.271

Coronary heart disease 15 (16.7%) 9 (28.1%) 0.273

Hyperlipidemia 25 (27.8%) 13 (40.6%) 0.221

Current smoking 51 (56.7%) 14 (43.8%) 0.251

History of stroke 15 (16.7%) – –

History of antithrombotic therapy 11 (12.2%) 4 (12.5%) 0.832

TA B L E  1 Comparison of baseline 
characteristics between ICH patients 
(n = 90) and healthy controls (n = 32).
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3  |  RESULTS

3.1  |  Characteristics and clinical variables of the 
enrolled cases

A total of 122 cases (90 ICH patients and 32 healthy controls) finally 
completed the present study, based on the inclusion and exclusion 
criteria (Figure 1). The baseline clinical variables are listed in Table 1. 
Statistical analyses showed that there was no significant difference 
between healthy controls and ICH patients among baseline char-
acteristics, which included age, sex, and previous medical history 
(hypertension, coronary heart disease, diabetes, hyperlipidemia, and 
current smoking).

3.2  |  Difference in baseline serum occludin levels 
between ICH patients and healthy controls

To determine whether the baseline serum occludin levels differed 
between ICH and the control groups, serum samples were collected 
at admission and the occludin levels were measured using ELISAs. 
The results showed that the baseline levels of serum occludin in 
ICH patients were significantly higher than those in healthy controls 
(0.27 [IQR, 0.14–1.01] vs. 0.13 [IQR, 0.11–0.16] ng/mL; p < 0.001) 
(Figure 3A).

The ROC curve was used to determine whether the baseline 
level of serum occludin could distinguish ICH patients from healthy 
controls. The area under the ROC curve (AUC) for distinguishing pa-
tients with ICH from healthy controls was 0.784 (95% confidence 
interval [CI]: 0.701–0.854; p < 0.001) (Figure  3B). A cut-off value 
of 0.202 ng/mL identified ICH patients with a sensitivity of 65.6%, 
specificity of 90.6%, positive predictive value of 95.2%, negative 
predictive value of 48.3%, positive likelihood ratio of 6.99, and 
negative likelihood ratio of 0.38. After adjusting clinical variables 
(age, sex, family history of hypertension, coronary heart disease, 
hyperlipidemia, diabetes, and current smoking), a high level of base-
line occludin (>0.202 ng/mL) was an important factor, which could 
distinguish ICH patients from healthy controls (adjusted odds ratio 
[OR], 22.3; 95% CI, 5.8–86.1; p < 0.001).

3.3  |  The baseline level of occludin is associated 
with the severity of the PHE, but not the 
hematoma volume

Based on occludin protein as a potential biomarker for cerebral 
ischemia-induced BBB injury and BBB disruption after ICH onset 
being engaged in PHE development, we further focused on ICH pa-
tients to determine whether the baseline level of occludin was as-
sociated with the severity of the PHE.

Baseline clinical variables are listed in Table 2. Among the ICH 
patients, isolated ICH patients (n = 53) accounted for 58.9%, while 
ICH patients complicated with intraventricular hemorrhage (n = 37) 

TA B L E  2 Baseline characteristics of ICH patients on admission 
within 24 h since stroke onset (n = 90).

Characteristics Values

Male, n (%) 62 (68.9%)

Age (years), mean ± SD 62.09 ± 14.22

Medical history, n (%)

Hypertension 67 (74.4%)

Diabetes mellitus 22 (24.4%)

Coronary heart disease 15 (16.7%)

Hyperlipidemia 25 (27.8%)

Current smoking 51 (56.7%)

History of stroke 15 (16.7%)

History of antithrombotic therapy 11 (12.2%)

Radiologic characteristics on initial CT

Location of hemorrhage, n (%)

Isolated ICH 53 (58.9%)

Intraventricular hemorrhage extension 37 (41.1%)

Hematoma volume (mL) 23.88 (9.02–47.96)

Perihematomal edema volume (mL) 22.48 (8.56–42.50)

Clinical measures

ICH score

≤3 scores 75 (83.3%)

>3 scores 15 (16.7%)

In-hospital mortality within 24 h 7 (7.8%)

Consciousness (GCS score), n (%)

14–15 (normal) 40 (44.4%)

8–13 (somnolence) 26 (28.9%)

0–7 (coma) 24 (26.7%)

NIHSS score on admission, n (%)

0–4 (mild stroke) 15 (16.7%)

5–15 (moderate stroke) 40 (44.4%)

16–20 (moderate–severe stroke) 7 (7.8%)

21–42 (severe stroke) 28 (31.1%)

Time from onset to blood sampling (min), 
median (IQR)

188 (116.25–399.25)

Time from onset to head CT scan (min), 
median (IQR)

198 (119–416)

Baseline SBP (mmHg), mean ± SD 173.19 ± 34.73

Baseline DBP (mmHg), mean ± SD 96.01 ± 19.19

Laboratory tests at admission

WBC (×109/L), mean ± SD 9.91 ± 4.88

Blood glucose (mmol/L), median (IQR) 6.73 (5.70–8.87)

LDL (mmol/L), mean ± SD 2.67 ± 0.83

Plaque count (×109/L), mean ± SD 220.69 ± 66.60

APTT (s), median (IQR) 33.95 (29.66–37.48)

Fibrinogen (g/L), mean ± SD 3.58 ± 0.82

Serum occludin (ng/mL), median (IQR) 0.27 (0.14–1.00)

Abbreviations: APTT, activated partial thromboplastin time; DBP, 
diastolic blood pressure; GCS, Glasgow Coma Scale; ICH, intracranial 
hemorrhage; IQR, interquartile range; LDL, low-density lipoprotein; 
NIHSS, National Institutes of Health Stroke Scale; SBP, systolic blood 
pressure; WBC, white blood cells.
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accounted for 41.1%. Based on initial CT scans, the median hema-
toma volume was 23.88 (IQR, 9.02–47.96) mL, while the median PHE 
volume was 22.40 (IQR, 8.56–42.50) mL.

Based on the larger PHE volume (≥30 mL) being associated with 
poor outcome, ICH patients were divided into two groups: mild 
PHE (<30 mL, n = 34) and severe PHE (≥30 mL, n = 56). Statistical 

F I G U R E  2 The measurement of PHE volumes on one representative CT image. (A) A representative CT image of ICH at right basal 
ganglia; (B) The hematoma area (hyperdense lesion, Hounsfield unit 40–100) was manually circled in yellow; (C) The total lesion area [PHE 
(the area in hypodensity surrounding hematoma, Hounsfield unit 5–33) plus hematoma] was manually outlined in red. The area of PHE on 
each slice was calculated by subtracting the hematoma area (yellow) from the total lesion area (red). Finally, the PHE volume = ∑ (PHE area in 
each slice) × the thickness of each slice. ICH, intracranial hemorrhage; PHE, perihematomal edema.

F I G U R E  3 Difference in analysis of serum occludin levels between ICH patients and controls. (A) Compared to healthy controls, the 
serum occludin levels in patients with ICH were significantly higher (0.27 [IQR, 0.14–1.01] vs. 0.13 [IQR, 0.11–0.16], p < 0.001). (B) The 
area under the ROC curve for distinguishing patients with ICH from healthy controls was 0.784 (95% CI: 0.701–0.854, p < 0.001). Data 
were presented as median (IQR). CI, confidence interval; ICH, intracranial hemorrhage; IQR, interquartile range; ROC, receiver operator 
characteristic curve.

F I G U R E  4 The relationship of serum occludin level and PHE or hematoma severity. (A) The levels of serum occludin in patients with 
severe PHE were higher than that with mild PHE (0.78 [IQR, 0.23–1.80] vs. 0.21 [IQR, 0.12–0.48] ng/mL; p < 0.001). (B) The ROC curve was 
used to further evaluate the association of serum occludin levels with PHE severities (AUC, 0.747; 95% CI, 0.644–0.832; p < 0.001). (C) There 
was no significant difference in serum occludin levels between the two groups (severe hematoma group: 0.26 [IQR 0.13–0.92] ng/mL vs. mild 
hematoma group: 0.27 [IQR, 0.20–1.32] ng/mL; p = 0.220).Data were presented as median (IQR). AUC, area under the curve; ICH, intracranial 
hemorrhage; IQR, interquartile range; PHE, perihematomal edema; ROC, receiver operator characteristic curve.
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analysis showed that the level of serum occludin in patients with 
severe PHE was higher than that with mild PHE (0.78 [IQR, 0.23–
1.80] vs. 0.21 [IQR, 0.12–0.48] ng/mL; p < 0.001) (Figure 4A). The 
ROC curve was used to further evaluate the association of serum 
occludin levels with PHE severities (AUC, 0.747; 95% CI, 0.644–
0.832; p < 0.001) (Figure 4B). A cut-off value of 0.376 ng/mL iden-
tified serious PHE patients with a sensitivity of 64.7%, specificity 
of 73.2%, positive predictive value of 59.5%, negative predictive 
value of 77.4%, positive likelihood ratio of 2.42, and negative like-
lihood ratio of 0.48. After adjusting for age, sex, family history 
of hypertension, coronary heart disease, hyperlipidemia, diabe-
tes, and current smoking, a high level of baseline serum occludin 
(>0.376 ng/mL) distinguished severe PHE patients from mild PHE 
(OR, 5.3; 95% CI, 1.9–14.4; p = 0.001).

Based on the larger volume of hematoma being related with PHE 
severity, ICH patients were divided into two groups: severe hema-
toma (≥30 mL, n = 36) and mild hematoma (<30 mL, n = 54). Statistical 
analysis showed that there was no significant difference in serum 
occludin levels between the two groups (severe hematoma: 0.26 
[IQR, 0.13–0.92] vs. mild hematoma 0.27 [IQR, 0.20–1.32] ng/mL; 
p = 0.220; Figure 4C).

These results suggested that serum occludin levels on admission 
were closely associated with PHE volumes, but not with hematoma 
volumes.

3.4  |  The baseline level of serum occludin is 
independently associated with the PHE volumes in 
ICH patients

Pearson's correlation analysis was conducted to determine whether 
the baseline level of serum occludin was correlated with the PHE 
volume. According to the results in Table  3, hematoma volume was 
correlated with the PHE volume (r = 0.926, p < 0.001). Moreover, PHE 
volume (r = 0.426, p < 0.001) was higher correlated with serum occlu-
din level than hematoma volume (r = 0.230, p < 0.05). Therefore, in the 
present study, hematoma volume was considered as a confounding 
factor for the association of serum occludin levels and PHE volume.

To determine the net correlation between baseline serum oc-
cludin levels and PHE volumes, partial correlation analysis was per-
formed to exclude the interference of hematoma volumes. Partial 
correlation analysis showed that a high baseline level of serum oc-
cludin showed a linear correlation with the PHE volume (r = 0.675; 
p < 0.001; Figure 5), after adjusting hematoma volumes.

To determine whether levels of baseline serum occludin were 
independently associated with PHE volumes in ICH patients, we 
conducted simple and multiple linear regression analyses. Firstly, 
baseline characteristics of ICH patients were screened using simple 
linear regression, showing that nine candidate variables (p < 0.1) being 
associated with PHE volumes, which included sex, current smoking, 
Glasgow Coma score, NIHSS score, blood glucose, activated partial 
prothrombin time, hematoma volumes, white blood cells and the 
baseline levels of serum occludin. Finally, multiple linear regression 
analysis showed that the levels of baseline serum occludin remained 
independently associated with the PHE volumes (p < 0.001; Table 4), 
after adjusting the other eight factors listed above.

TA B L E  3 Pearson's correlations of baseline serum occludin level, 
baseline hematoma volume, and perihematomal edema volume.

r

Serum 
occludin 
level

Hematoma 
volume

Perihematomal 
edema volume

Serum occludin level – 0.230* 0.462***

Hematoma volume 0.230* – 0.926***

Perihematomal 
edema volume

0.462*** 0.926*** –

Note: The data in table were converted to lg to meet statistical 
requirements.
*p < 0.05, ***p < 0.001.

F I G U R E  5 Partial correlation analysis 
of the serum occludin levels on admission 
and PHE volumes. To determine the 
net correlation between baseline serum 
occludin levels and PHE volumes, partial 
correlation analysis was performed to 
exclude the interference of hematoma 
volumes. Partial correlation analysis 
showed that a high baseline level of serum 
occludin showed a linear correlation with 
the PHE volume (r = 0.675; p < 0.001), 
after adjusting hematoma volumes. PHE, 
perihematomal edema.
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In summary, these results suggested that the serum occludin 
level might be a biomarker reflecting PHE volumes in acute ICH 
patients.

4  |  DISCUSSION

This is the first study to report the association between baseline lev-
els of serum occludin and PHE volumes inICH patients. The present 
study showed that ICH patients had a higher level of serum occludin 
than healthy controls. Patients with high levels of serum occludin 
at admission were more likely to have a severe PHE. The levels of 
serum occludin showed linear correlations with PHE volumes after 
adjustment of other factors from ICH patients. Taken together, 
these results suggested that serum occludin level was a potential 
biomarker reflecting the PHE volume in acute ICH patients.

With severe secondary damage after ICH, larger PHE volumes 
have been shown to be associated with poor clinic outcomes 
(modified Rankin Scale ≥3 or death).22,23 Recent studies have dis-
covered several clinical factors associated with the development 
of PHE, such as hematoma volume, hypertension history, and ce-
rebral perfusion abnormalities.24–26 However, currently there is no 
blood biomarker indicating changes inPHE volumes, which could 
dynamically and frequently evaluate PHE volumes during the 
short period of acute ICH.

The molecular pathophysiology of PHE formation is complicated. 
Studies have shown that BBB disruption in brain tissues around he-
matomas was closely related to PHE formation after the onset of 
ICH.27,28 Multiple mechanisms have been reported to be involved 
in BBB disruption-induced PHE, such as inflammatory mediators, 
erythrocyte lysis, and activation of matrix metalloproteinases 
(MMPs).29,30

Animal model studies of ICH have shown that increased 
MMP-9 activation led to BBB disruption and brain edema.31,32 
Occludin, as a direct substrate of MMPs, was degraded into frag-
ments from microvascular tissue by activated MMPs during ce-
rebral injury.33 Our previous study showed that blood occludin 
levels correlated with the extent of BBB damage after ischemia 
stroke.14 Moreover, studies of an ICH animal model showed that 
hypoxia/ischemia occurred in brain tissues around the hematoma 
as a result of hematoma compression and focal inflammation.34 
We therefore hypothesized that occludin in blood may reflect the 
PHE volume after the onset of ICH.

In the present study, we showed that the level of serum occludin 
at admission was higher in ICH patients with severe PHE, compared 
with those with mild PHE. Moreover, the levels of serum occludin 
were linearly correlated with PHE volumes in ICH patients and were 
independently associated with PHE volumes after adjusting for 
other clinical factors. Together, these findings suggested that the 
level of serum occludin may be a biomarker, indicating PHE volumes 
in early ICH patients.

Subtentorial ICH shows many differences from supratentorial 
ICH. Thesupratentorial ICH is more common in clinic and mainly Ch
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caused by damages to the anterior circulation vessels. On the con-
trary, subtentorial ICHusually occurs due to damages to the poste-
rior circulation vessels, leading to different clinical symptoms from 
supratentorial ICH. Therefore, to increase the homogeneity for anal-
ysis, subtentorial ICH was excludedfrom the present study. We will 
investigate whether serum occludin levels are associated with PHE 
in subtentorial ICH patients in further studies.

Detecting serum occludin levels has several advantages in reflect-
ing PHE volumes, when compared with CT/MRI scans or other ap-
proaches during emergency examinations in clinical practice. First, the 
measurement of serum occludin is easier to conduct and can be con-
ducted more frequently than CT/MRI scans, to screen potential dete-
rioration in patients or to adjust treatment strategies by evaluating the 
severities of PHE in ICH patients during emergencies. Second, serum 
occludin detection, which was linearly correlated with PHE volumes, 
may be a more accurate indication of PHE development than other 
methods,35,36 such as neurological examinations, intracranial pressure 
assessments, or cerebral blood flow assessments, which are related, 
but are not direct indicators of PHE volumes.

There are currently no effective drug targeting PHE-induced 
severe secondary damages following ICH. Hyperosmolar agents, 
such as mannitol, have been frequently used in the clinic to reduce 
intracranial pressure. However, the effects of mannitol in reducing 
PHE or improving outcome in ICH patients are controversial and 
lack sufficient clinical randomized controlled efficacy trials.37,38 
Other potential methods (therapeutic hypothermia, intensive 
blood pressure reduction, and statin therapy) have not adequately 
shown that they prevented PHE formation or led to a good prog-
nosis.39–42 However, the results of the present study showed a 
high correlation between PHE volumes and serum occludin levels, 
which in the future may provide a novel target for alleviating PHE 
after ICH.

4.1  |  Limitations of the present study

First, this is a single-center study to report the association between 
baseline levels of serum occludin and PHE volumes inICH patients. 
Large-scale multicenter trials are warranted in the future to test the 
associations of serum occludin levels and PHE volumes. Second, in 
the present study we measured the association of serum occludin 
levels and PHE volumes within 24 h since stroke onset. It is crucial 
for understanding the development of PHE and serum occludin levels 
over 24 h in further studies. Third, the present study did not investi-
gate whether serum occludin levels were associated with the prog-
nosis of ICH. Further studies will focus on the association between 
serum occludin levels and prognosis of ICH patients. Fourth, in the 
present study, semiautomatic software was used to evaluate the vol-
ume of PHE based on CT scans. We consider applyingautomatic and 
objective-imaging software in the future to improve the accuracy and 
objectivity of analysis. Finally, it was unclear how BBB disruption led 
to PHE and which molecules were involved in the mechanism of BBB 
disruption leading to PHE.

5  |  CONCLUSION

The present study showed that serum occludin levels at admission 
were independently correlated with PHE volumes in ICH patients, 
which may provide a biomarker indicating PHE volume change.
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