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Abstract
Aims: Early neurological deterioration (END) is an important factor that affects prog-
nosis in patients with acute ischemic stroke. We explored the relationship between 
serum occludin levels after successful reperfusion and END in patients treated with 
endovascular thrombectomy (EVT).
Methods: We prospectively enrolled 120 stroke patients who underwent EVT with 
successful reperfusion. Enzyme- linked immunosorbent assay was used to detect 
the serum occludin levels on admission and within 1 h after successful reperfusion. 
Receiver operating characteristic curves (ROC) and regression analysis were used to 
compare the relationship between serum occludin and END after thrombectomy.
Results: Among the 120 patients, 36 (30%) experienced END. The END group had 
higher serum occludin levels than the non- END group after successful reperfusion 
[4.31 (3.71– 5.38) vs 6.32 (5.88– 6.99), p < 0.001]. The ROC curve showed that postop-
erative serum occludin levels had a significant prediction value for END (AUC: 0.86, 
p < 0.001). Regression analysis showed that serum occludin was an independent risk 
factor for END in EVT patients (adjusted odds ratio: 4.46, 95% confidence interval: 
1.92– 10.32; p < 0.001).
Conclusions: The higher serum occludin levels were strongly related to END after 
successful reperfusion. Serum occludin may be an independent risk factor for END in 
EVT patients.
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1  |  INTRODUC TION

Stroke is a hot topic: It is the number one disease threatening human 
health and is associated with high morbidity, disability, and strong 
recurrence. Moreover, acute ischemic stroke (AIS) is the most com-
mon type of stroke.1,2 In the light of scientific advancements, endo-
vascular thrombectomy (EVT) is recommended as a clinical guideline 
to treat AIS with large vessel occlusion.3 However, some patients 
undergoing EVT have a poor prognosis, and the early neurological 
deterioration (END) is an important factor that affects the 90- day 
functional outcome.4 Therefore, understanding the potential mech-
anism of END may aid preventative decisions. The underlying mech-
anisms may include symptomatic intracranial hemorrhage (sICH), 
postoperative re- occlusion, enlarged infarcts, thromboembolic 
events, and undetermined causes.5- 7 Current clinical evaluations are 
mainly based on neurological function scores and brain imaging ex-
aminations, which also present key challenges. First, the accuracy of 
neurological function scores is poor. Second, imaging examinations 
require a long time and may not be recognized early on, despite the 
emergence of the disease. Therefore, there is an urgent need to de-
velop novel detection methods. Although serum markers are widely 
studied, there is currently a lack of specific markers to this end.8

Occludin is a structural component of the tight junction protein 
of the blood- brain barrier (BBB) and plays an important role in main-
taining its integrity.9 Current studies have found that serum occludin 
is an important marker of BBB destruction in ischemic stroke and is 
closely related to ischemic stroke.10,11 Our previous study found that 
serum occludin levels could be used to identify early hemorrhagic 
transformation of AIS.12 However, it remains unclear whether serum 
occludin was correlated with END for AIS patients who experienced 
EVT with successful reperfusion.

Herein, we aimed to identify the incidence of END in stroke pa-
tients with successful EVT and whether postoperative serum occlu-
din levels were correlated with the occurrence of END.

2  |  METHODS

2.1  |  Study design

This research was carried out as a prospective observational study. 
The study was approved by the ethics committee of Xuanwu 
Hospital, and all patients provided signed informed consent.

For AIS patients undergoing EVT, blood samples will be collected 
on admission and within 1 h after successful reperfusion. Thereafter, 
enzyme- linked immunosorbent assay (ELISA) was used to detect the 
occludin levels in the patients’ blood. We then collected the clini-
cal data of the patients, including general baseline data, postopera-
tive cerebral infarction volume at 24– 48 h after onset, neurological 
function score (NIHSS), END within 24– 48 h, and 90- day clinical 
outcomes (Barthel index). Statistical methods were used to inves-
tigate the relationship between serum occludin and END, cerebral 
infarction volume, neurological score, and 90- day clinical outcomes. 

In addition, we conducted stratification according to the infarction 
volume, NIHSS score, END, and Barthel Index to compare the differ-
ences between serum occludin levels among different groups.

2.2  |  Patient selection

We included 120 patients who underwent EVT with success-
ful reperfusion for acute anterior circulation large vessel occlu-
sion, treated in the emergency neurology department of Xuanwu 
Hospital from September 2019 to July 2021. All patients met the 
following indications for EVT: (1) previous stroke modified Rankin 
score (mRS) 0– 1 points; (2) acute ischemic stroke caused by internal 
carotid artery or middle cerebral artery (MCA) M1 segment occlu-
sion; (3) aged over 18 years; (4) National Institute of Health Stroke 
Scale (NIHSS) score ≥6 points; (5) Alberta Stroke Program early CT 
Score (ASPECTS) ≥6 points; (6) stroke occurred within 6 h; or within 
6– 24 h, but brain computed tomography perfusion imaging (CTP) 
showed obvious ischemic penumbra (CBF/CBV- mismatch); (7) when 
the patient met the indications for intravenous rt- PA thrombolysis, 
intravenous thrombolysis should be accepted and arranged EVT at 
the same time; and (8) when there was a contraindication to intra-
venous thrombolysis, EVT should be performed directly; (9) the pa-
tient and their family members signed an informed consent form. 
Exclusion criteria included (1) no postoperative blood samples; (2) 
inflammatory or infectious diseases, cancer, hemorrhagic disease, 
and severe renal and liver failure; (3) patients with missing important 
data; and (4) patients with failed recanalization.

2.3  |  Collection of clinical indicators

General baseline information included age, gender, past medical his-
tory, baseline NIHSS score, ASPECT score, time from onset to re-
canalization; intravenous thrombolysis (yes or no), the Trial of Org 
10172 in acute stroke treatment (TOAST) classification, occluded 
vessel, and EVT strategies (mechanical thrombectomy combined 
with stenting, mechanical thrombectomy only). The prognostic eval-
uation data include infarct volume within 24– 48 h of onset, 24- h 
NIHSS score, incidence of END, and the Barthel index at 90 days. 
Successful reperfusion or recanalization was defined as a modified 
Thrombolysis in Cerebral Infarction (mTICI) score of 2b or 3.13

2.4  |  Image data

2.4.1  |  Cerebral infarct volume

The baseline infarct volume was estimated by CT perfusion imag-
ing. Magnetic resonance imaging diffusion- weighted (MRI- DWI) was 
used to detect cerebral infarct volume within 24– 48 h after EVT. We 
adjusted the window width and layer thickness, traced the infarction 
area of each layer along the edge with the mouse, added the area of 
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all layers, and multiplied the layer thickness to obtain the cerebral 
infarction volume.14 According to the size of the infarct volume, we 
defined the small (0– 30 ml), medium (31– 50 ml), and large (>50 ml) 
core infarct groups.15

2.5  |  Clinical score

2.5.1  |  Neurological function score

The NIHSS score was used to evaluate the degree of neurological 
deficit, and the NIHSS score was defined as mild to moderate stroke 
if the NIHSS score is less than 17 points; the score was above 17 as 
severe stroke.16 It was divided into two groups. The NIHSS score 
ranged from 0 to 40 points and was assessed on site by two trained 
neurologists.

2.5.2  |  90- day prognosis score

The prognosis assessment was based on the 90- day Barthel index 
as the evaluation standard and was assessed by on- site assessment 
or telephone follow- up. A Barthel index >80 was defined as a good 
prognosis, and ≤80 was defined as a poor prognosis.17

2.6  |  Early neurological function deterioration 
(END)

END was defined as the worsening of neurological dysfunction 
within 24 to 48 h, and the NIHSS score decreased by ≥4 points.18 The 
main causes of END included infarct expansion, symptomatic intrac-
ranial hemorrhage (sICH), re- occlusion, thromboembolic events, and 
undetermined causes.6,19,20 Moreover, sICH was determined ac-
cording to the ECASS- III diagnostic criteria (intracranial hemorrhage 
confirmed by CT or MRI scan within 22– 36 h with an increase in 
NIHSS score ≥ 4 points; intracranial hemorrhage is the main cause 
of neurological deterioration).21 Conversely, vascular re- occlusion 
within 24– 48 h was assessed by CTA (CT angiography) or MRA 
(magnetic resonance angiography). Intracranial hemorrhage was 
evaluated by non- contrast computed tomography. Infarct expansion 
and thromboembolic events were evaluated by MRI- DWI. If sICH, 
re- occlusion, infarct expansion, and thromboembolic events were 
excluded, we defined END as undetermined causes.

2.7  |  Collection of blood samples and detection of 
serum occludin

Venous blood (2- ml venous blood was extracted from the patient 
within 24 h of onset, placed at room temperature for 2 h, centri-
fuged, and placed in an EP tube and stored at −80°C until serum 
was detected). Centrifuge setting parameters: 3000 rpm, 145,000 g, 

10 min. A commercially available ELISA kit (Occludin: USCN, China) 
was used to detect the serum occludin levels.

2.8  |  Statistical analysis

The data are presented as mean ± standard deviation or median 
(interquartile range, IQR). For continuous variables, normal distri-
bution was assessed using the Kolmogorov– Smirnov test. Student's 
t- test or ANOVA test was conducted for normal/Gaussian distribu-
tion data. If the data did not exhibit a normal distribution, we used a 
Mann– Whitney test. For categorical variables, we used a chi- square 
test or Fisher's exact test. A correlation analysis was used to de-
termine the correlation between serum occludin levels and cerebral 
infarction. The correlation coefficient r was used to determine the 
correlation strength. The value range of the correlation coefficient 
was generally between −1 and 1. The closer the absolute value is 
to 1, the stronger the linear relationship between variables, and the 
closer the absolute value is to 0, the weaker the linear relationship 
between variables. Values ≥0.8 indicated a strong degree of correla-
tion, values ranging from 0.5 to 0.8 indicated a moderate degree of 
correlation, values ranging from 0.3 to 0.5 indicated a low degree 
of correlation, and values <0.3 indicated a very weak correlation 
and could be regarded as irrelevant. The receiver operating char-
acteristic (ROC) curve was used to analyze the evaluation value of 
serum occludin in AIS. Multivariate regression analysis was used to 
judge the correlation between serum occludin and END and clinical 
prognosis at 90 days. The model was adjusted for age, gender, the 
baseline NIHSS score, ASPECT score, and TOAST classification and 
location of occlusion. The odds ratio (OR) and 95% confidence in-
tervals (CI) were calculated. All data were analyzed using SPSS 23.0 
(IBM Corporation, Armonk, NY, USA) software. p < 0.05 was consid-
ered as statistically significant.

3  |  RESULTS

3.1  |  Patients baseline characteristics

We screened 120 eligible patients from 148 patients receiving EVT, 
excluding 15 patients with recanalization failure, 8 patients with loss 
of follow- up, and 5 patients with loss of blood samples. Among these 
120 patients, there were 90 men and 30 women, with an average 
age of 63 years (Table 1).

3.2  |  Serum occludin and END

Among the 120 patients, 36 cases developed END (30%), includ-
ing 13 cases of sICH (11%), 12 cases of re- occlusion (10%), 3 cases of 
new stroke (2.5%), 5 cases of enlarged infarcts (4.4%), and 3 cases of 
unknown cause (2.5%). There were no significant differences in age, 
gender, previous medical history, baseline NIHSS score, ASPECT 
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score, baseline infarct volume, and time from onset to recanalization 
between the END and non- END groups. In addition, the baseline oc-
cludin levels had a rising tendency in END group than non- END group 
[4.99 (3.20– 5.88) vs 4.14 (3.03– 5.16) ng/ml], although not statistically 
different (p = 0.081) (Table 2). However, we were surprised to find that 
the serum occludin levels after successful thrombectomy were signifi-
cantly higher in the END group than the non- END group [6.32 (5.88– 
6.99) vs 4.31 (3.71– 5.38) ng/ml, p < 0.001] (Table 3 and Figure 1A).

The ROC curve showed that the 24 h- serum occludin levels had 
strong predictive value for END (AUC: 0.86, 95% CI: 0.78– 0.95, 
p < 0.001). The best cut- off value was 5.69 ng/ml, while the sensi-
tivity and specificity were 93% and 81%, respectively (Figure 2A).

After adjusting for age, gender, NIHSS score, ASPECT score, 
stenting, site of artery occlusion, and etiology of stroke, the mul-
tivariate regression analysis found that serum occludin levels after 
thrombectomy were an independent risk factor for END in stroke 
patients who had undergone successful thrombectomy (adjusted 
OR = 4.46, 95% CI: 1.92– 10.32, p < 0.001) (Table 4).

Moreover, the results showed that serum occludin changes be-
fore and after EVT in the END group were also significantly higher 
than that in the non- END group [2.44 (0.89– 3.35) vs 0.96 (0.62– 1.59) 
ng/ml, adjusted OR = 2.22, 95% CI: 1.43– 3.44, p < 0.001] (Table 4).

3.3  |  Serum occludin and infarct volume

The results demonstrated that there was a significant correlation 
between serum occludin levels and cerebral infarction volume after 
thrombectomy (r = 0.698, p < 0.001). Serum occludin levels in both 
the moderate and large infarct volume groups were significantly 
higher than those in the small infarct volume group [4.60 (4.22– 6.69) 
vs 3.77 (2.68– 4.72) ng/ml, p = 0.002; 5.88 (4.91– 6.57) vs 3.77 (2.68– 
4.72) ng/ml, p < 0.001] (Table 3 and Figure 1B). Moreover, the ROC 
curve showed that serum occluding levels had a good predictive 
value in the medium- large infarct core (AUC: 0.851, 95% CI: 0.764– 
0.938, p < 0.001), the best cut- off value was 4.74 ng/ml, as seen in 
Figure 2B.

Preoperative quantitative penumbra data were obtained by CT 
perfusion image. We collected CTP data from 58 of the 120 patients. 
However, the results suggested that there was no correlation be-
tween serum occludin levels after EVT and the preoperative isch-
emic penumbra volume (r = −0.08, p = 0.618).

3.4  |  Serum occludin and NIHSS score

Serum occludin levels after thrombectomy were found to be sig-
nificantly correlated with the NIHSS score within 24 h of a stroke 
(r = 0.52, p < 0.001). Moreover, the serum occludin levels were signif-
icantly higher in the NIHSS > 17 group than in the NIHSS ≤ 17 group 
[5.96 (4.56– 6.58) vs 4.31 (3.51– 5.72) ng/ml, p = 0.001] (Table 3 and 
Figure 1C).

3.5  |  Serum occludin and 90- day prognosis

We found that 24- h serum occludin levels correlated with Barthel 
index (r = 0.529, p < 0.001). In addition, the group with Barthel index 
≤80 had higher serum occludin levels than the group with Barthel 
index >80 [5.87 (4.75– 6.60) vs 4.21 (3.18– 5.35) ng/ml, p < 0.001] 
(Table 3 and Figure 1D).

A ROC curve analysis was further performed, and results 
showed that the serum occludin levels after thrombectomy had a 
certain predictive value for poor prognosis at 90 days (AUC: 0.76, 
95% CI: 0.658– 0.861, p < 0.001); the best cut- off value was 4.95 ng/
ml (Figure 2C).

After adjusting for age, gender, NIHSS score, ASPECT score, 
stenting, site of artery occlusion, and etiology of stroke, a multi-
variate regression analysis revealed that 24- h serum occludin lev-
els >4.95 ng/ml were an independent risk factor for poor prognosis 
(Barthel index ≤ 80) for stroke patients who undergone successful 

TA B L E  1  Demographic and clinical characteristics of admitted 
patients

Variable
Endovascular 
treatment (n = 120)

Age— y 63.0 ± 10.5

Male sex— n (%) 90 (75)

Atrial fibrillation— n (%) 45 (38)

Coronary artery disease— n (%) 33 (28)

Diabetes mellitus— n (%) 37 (31)

Hypertension— n (%) 80 (67)

Previous stroke— n (%) 35 (29)

Treatment with intravenous alteplase— n (%) 67 (56)

Median NIHSS score (IQR) 14 (12– 16)

Median ASPECTS score (IQR) 9 (8– 10)

Onset to puncture— min (IQR) 39 (28– 50)

Onset to recanalization time— h (IQR) 6.3 (4.7– 8.6)

Etiology of stroke— n (%)

Large artery atherosclerosis 78 (65)

Cardioembolism 37 (31)

Other 5 (4)

Occluded vessel— n (%)

Internal carotid artery 48 (40)

Middle cerebral artery 72 (60)

mTICI = 2b/3— n (%) 120 (100)

Endovascular treatment methods

Mechanical thrombectomy only— n (%) 89 (74)

Stent implantation— n (%) 31 (26)

Note: Data were expressed as mean (SD), median (interquartile range), 
or number (%).
Abbreviations: ASPECTS, Alberta Stroke Program Early CT Score; IQR, 
interquartile range; mTICI, modified thrombolysis in cerebral infarction; 
NIHSS, National Institutes of Health Stroke Scale.
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thrombectomy (OR = 5.48, 95% CI: 1.36– 22.08, p = 0.017), see 
Table S1.

4  |  DISCUSSION

This is the first study to explore the correlation between serum oc-
cludin levels and the occurrence of END after EVT with success-
ful reperfusion. We confirmed that high serum occludin levels were 
closely related to END for stroke patients with successful EVT. In 
addition, postoperative serum occludin levels were correlated with 
the volume of cerebral infarction, 24- h NIHSS score, and 90- day 
functional outcome for patients who underwent EVT with success-
ful reperfusion. Generally, END occurs 2– 3 days after surgery, and 
it is difficult to identify it as early as possible through clinical evalu-
ation or imaging methods.4 Previous studies suggested that END 
was a key factor leading to poor prognosis at 90 days. As serious 
complications of EVT, hemorrhage transformation, postoperative 
re- occlusion, and thromboembolic events are common causes of 
END, with a high incidence, as assessed primarily by imaging and 
clinical symptoms in early stages.22- 24 Interestingly, our study found 

that testing the serum occludin levels immediately after successful 
reperfusion could predict the risk of END in the next 24– 48 h, which 
was clinically important. A similar study reported that BBB disrup-
tion was associated with increased mortality after EVT.25 The differ-
ence from this study was that BBB disruption was observed by CT 
imaging scan.

Previous studies indicated that AIS patients with increased 
serum occludin levels at baseline had a high risk of hemorrhage 
transformation, regardless of non- reperfusion therapy or reperfu-
sion therapy.12 In addition, several reports also showed the correla-
tion between occludin degradation and ischemic reperfusion injury. 
Wang's study showed that MiR- 30a inhibitor restored the loss of 
occludin in microvessels of ischemic stroke rats and attenuate BBB 
breakdown and ischemic infarction, which conduced better out-
come.26 Xu's study also showed that ischemic reperfusion injury sig-
nificantly decreased those of the tight junction (TJ) proteins occludin 
and ZO- 1, and AIM2 knockdown effectively protected BBB integrity 
by promoting the expression of occludin and ZO- 1 proteins,27 and 
Izawa et al. suggested that inter- endothelial claudin- 5 expression 
significantly decreased when β1- integrin– collagen IV interactions 
were interrupted and subsequently extended the observations to 

Variable
END group 
(n = 36)

Non- END group 
(n = 84)

p 
value

Age— y 67.7 ± 12.9 65.6 ± 8.1 0.281

Male sex— n (%) 25 (70) 65 (77) 0.630

Coronary artery disease— n (%) 12 (33) 21 (25) 0.608

Atrial fibrillation— n (%) 17 (48) 28 (33) 0.275

Diabetes mellitus— n (%) 13 (37) 24 (29) 0.585

Hypertension— n (%) 28 (77) 52 (62) 0.223

Previous stroke— n (%) 12 (33) 23 (27) 0.722

Treatment with intravenous 
alteplase— n (%)

23 (63) 44 (52) 0.487

Median NIHSS score (IQR) 14 (12– 16) 13 (12– 16) 0.592

Median ASPECTS score (IQR) 8 (7– 9) 9 (8– 10) 0.222

From onset to recanalization time— h 
(IQR)

6.5 (5.1– 8.8) 6.2 (4.4– 8.5) 0.472

Site of artery occlusion, n (%)

Intracranial internal carotid artery 19 (52) 29 (35) 0.205

Middle cerebral artery 17 (48) 55 (65)

Etiology of stroke— n (%)

Non- Cardioembolisma 20 (56) 63 (75) 0.058

Cardioembolism 16 (44) 21 (25)

Stenting 7 (19) 24 (29) 0.460

Volume of infarct coreb— ml (IQR) 16.8 (3.4– 46.8) 14.9 (8.5– 23.8) 0.634

Serum occludin at baseline (ng/ml) 4.99 (3.20– 5.88) 4.14 (3.03– 5.16) 0.081

Note: Data were expressed as mean (SD), median (interquartile range), or number (%).
Abbreviations: ASPECTS, Alberta Stroke Program Early CT Score; IQR, interquartile range; NIHSS, 
National Institutes of Health Stroke Scale.
aNon- cardioembolism includes large artery atherosclerosis type and other types.
bCore infarct volume was estimated by CT perfusion imaging. For baseline CT perfusion imaging, 
thirteen patients were obtained in the END group; 45 were obtained in the non- END group.

TA B L E  2  Comparison of baseline data 
of patients
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the loss of ZO- 1 and of occludin at the inter- endothelial interface, 
ultimately increasing BBB permeability.28 The above three studies 
demonstrated that the degradation of occludin protein caused the 
increase in BBB permeability with results of disease progression 
and complications. Our study was consistent with the above views. 
We agreed that serum occludin levels would increase when occlu-
din was degraded in ischemic tissue, which can predict or correlate 
significantly with the occurrence of END after successful reperfu-
sion. However, there are also different views. An interesting study 
found that TJs in the BBB promote edema formation and infarct size 
in stroke. Winkler et al. believed that Cldn3 and occludin could not 
only protect tight junctions and kept the BBB intact in stroke, but 
also promoted edema and infarction, as they described the ambiva-
lent effects of sealing proteins.29 However, there is currently a lack 
of other evidence to support the interesting findings.

Previous animal studies have confirmed that elevated serum oc-
cludin levels could reflect the destruction of the BBB.10,11 The inter-
esting finding of this study is that there was no significant difference 
in BBB damage between the two groups before reperfusion. After 
successful reperfusion, the BBB damage in the END group was sig-
nificantly heavier than that in the non- END group. It may be that 
the reperfusion injury aggravated the BBB damage. In addition, it 
may be attributed to the damage of vascular endothelial cells caused 
by repeated thrombus removal, which increases the destruction of 

TA B L E  3  Subgroup analysis of serum occludin levels

Subgroup N
Occludin levels 
(ng/ml) p value

END 120

Yes 36 6.32 (5.88– 6.99) <0.001

No 84 4.31 (3.71– 5.38)

Infarct volume— ml (IQR) 120

≦30 41 3.77 (2.68– 4.72) <0.05a

31– 50 16 4.60 (4.22– 6.69)

>50 63 5.88 (4.91– 6.57)

NIHSS score at 24 h 120

≦17 64 4.31 (3.51– 5.72) 0.001

>17 56 5.96 (4.56– 6.58)

Barthel index at 90 days 120

≦80 52 4.21 (3.18– 5.35) <0.001

81– 100 68 5.87 (4.75– 6.60)

Abbreviations: END, early neurological deterioration; NIHSS, National 
Institute of Health Stroke Scale.
aSerum occludin level of the three groups were different (p < 0.05); 
pairwise comparisons found that there were statistical differences 
between the small infarction group and the medium infarction group, 
and between the small infarction group and the large infarction group 
(p = 0.002, p < 0.001); However, there was no difference between the 
medium infarction group and the large infarction group (p = 0.168).

F I G U R E  1  Serum occludin levels in different subgroups. (A) The serum occludin levels of the END group were significantly higher 
than those of the non- END group (p < 0.001). (B) The larger the infarct core volume, the higher the serum occludin levels. The difference 
between the large infarct core group and the smaller infarct core group was statistically significant (p < 0.001), and the difference between 
the middle infarct core group and the smaller core infarction group was also statistically significant (p = 0.002). (C) The serum occludin levels 
in the NIHSS score >17 group were significantly higher than those in the NIHSS score ≦ 17 group; the difference was significant (p = 0.001). 
(D) The serum occludin levels of the poor prognosis group (Barthel index ≤ 80) were significantly higher than those of the good prognosis 
group (Barthel index > 80) (p < 0.001)
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the BBB during EVT, and further damage to the BBB would lead to 
the production of inflammatory cytokines (MMP- 9/MMP- 2/IL- 6/
IL1- β/TNF- α, etc.), which rapidly increase throughout the brain, and 

activates multiple injury mechanisms (i.e., oxidative stress, calcium 
overload, and apoptosis).30- 32 Consequently, this creates a vicious 
circle that promotes the ischemic cascade reaction and aggravates 
brain tissue necrosis,30 resulting in END. Therefore, we speculate 
that BBB injury is closely related to the occurrence of END during 
reperfusion therapy. In other words, BBB damage caused by EVT 
may be the main mechanism for the occurrence of END. By detect-
ing the postoperative serum occludin levels, we can judge the dam-
age of the BBB, so as to predict the possibility of END in the future.

For the prediction of END after EVT, in addition to judging by 
serum markers, brain imaging assessment can also be used, such as 
early observation of cerebral edema by cranial CT, and intracranial 
contrast extravasation observed by cranial CT to judge BBB injury, 
which is helpful to predict the occurrence of END. In addition, ce-
rebral hyperperfusion syndrome is a common type of END, which 
can be identified early by observing cerebral blood flow velocity 
through transcranial Doppler (TCD).33 Studies showed that postop-
erative cerebral blood flow velocity increased by more than 100% 
compared with that before surgery, suggesting cerebral hyperper-
fusion syndrome.34 We can also use postoperative CTP imaging to 
observe cerebral blood flow (CBF), cerebral blood volume (CBV), and 
mean transit time (MTT) to identify END.33,35 In short, postoperative 
serum biomarker (occludin) combined with cranial imaging (CT/CTP/
TCD) could significantly improve the detection rate of END, which 
will have important guiding value for clinicians.

We know that the neurological function score (NIHSS) 24 h after 
stroke is very important for estimating disease severity and prog-
nosis.36,37 Our study is the first to find that serum occludin levels 
are correlated with NIHSS scores after EVT. In addition, patients 
with higher NIHSS scores have higher serum occludin levels, which 
suggests that postoperative serum occludin levels could reflect the 

F I G U R E  2  Receiver operating 
characteristic curve for serum occludin on 
predicting early neurological deterioration 
(A), infarct volume (B), and poor prognosis 
(C)

TA B L E  4  Multivariate regression analysis of END

Variable
Effect 
variablea

Adjusted 
value (95% 
CI) p value

24 h- serum 
occludin level

Beta 
coefficient

4.46 (1.92– 
10.32)

<0.001

Occludin changes 
before and 
after EVT

Beta 
coefficient

2.22 
(1.43– 3.44)

<0.001

Age Beta 
coefficient

1.10 
(1.01– 1.20)

0.038

Gender Odds ratio 1.44 
(0.25– 8.27)

0.681

Baseline NIHSS 
score

Beta 
coefficient

0.78 
(0.60– 1.01)

0.061

Baseline ASPECT 
score

Beta 
coefficient

0.67 
(0.39– 1.13)

0.134

Site of artery 
occlusion

Odds ratio 3.70 (0.84– 
16.29)

0.084

Etiology of stroke Odds ratio 6.70 (0.92– 
48.84)

0.061

Stenting Odds ratio 1.20 
(0.21– 6.68)

0.839

Abbreviations: ASPECT, Alberta Stroke Program early CT; END, early 
neurological deterioration; EVT, endovascular thrombectomy; NIHSS, 
National Institute of Health Stroke Scale.
aValues were adjusted for age, gender, NIHSS score, ASPECT score, 
stenting, site of artery occlusion, and etiology of stroke.
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degree of neurological damage. Moreover, the detection of serum 
occludin is more objective, convenient, and concise compared with 
neurological function scores (NIHSS). For patients who do not co-
operate well with early neurological function tests, it is difficult to 
undergo assessments of their condition through the NIHSS score. 
However, the detection of serum occludin may reflect the degree 
of neurological impairment and determine the degree of disease, re-
flecting its important clinical value as an auxiliary diagnostic tool. In 
the future, serum occludin combined with NIHSS score may better 
predict the disease severity and functional outcome of stroke pa-
tients after EVT.

4.1  |  Study limitations

There are some limitations which should be emphasized when ex-
plaining the results. Firstly, the relatively small sample size limits the 
power of our study. Secondly, some other clinical factors may be also 
correlated with the END, which needs to be further investigated. 
Thirdly, we did not include patients with failed recanalization, so it 
is not clear whether there is a correlation between serum occludin 
levels and vascular recanalization. Finally, individual patients were 
replaced by CT due to missing MRI scans, which led to differences 
in the infarct volume results. In the future, it will be necessary to 
add an analysis to clarify the correlation between END and serum 
occludin in the two groups of patients with successful or failed reca-
nalization and also increase the sample size to confirm the reliability 
of the results.

5  |  CONCLUSIONS

In conclusion, there was a high incidence of END after success-
ful reperfusion, and the high occludin levels were strongly related 
to END. It may be an independent risk factor for END for stroke 
patients who have undergone EVT with successful reperfusion. 
Postoperative serum occludin levels were also correlated with the 
volume of cerebral infarction, 24- h NIHSS score, and 90- day func-
tional outcome after successful EVT.

ACKNOWLEDG EMENTS
This work was partially supported by grants from by China 
Postdoctoral Science Foundation (2021M692252), Beijing 
Postdoctoral Research Foundation (2021- ZZ- 029), and Talent 
Construction Fund (PXM2020_014226_000004).

CONFLIC T OF INTERE S T
There are no conflicts among the authors.

AUTHOR CONTRIBUTIONS
Weili Li, Xueqin Sui, and Xunming Ji involved in study concept and 
design. Shuhua Yuan and Xueqin Sui involved in patients enroll-
ment and data collection. Weili Li, Shuhua Yuan, and Xueqin Sui 

involved in drafting the manuscript. Weili Li, Haitao Shao, Wenjuan 
Shi, and Shuhai Shi performed the experiments. Weili Li, Ming Wei, 
and Zhiying Chen involved in statistical analysis. All authors critical 
revised the manuscript. Xueqin Sui and Xunming Ji supervised the 
study.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID
Zhiying Chen  https://orcid.org/0000-0001-6020-4484 
Xunming Ji  https://orcid.org/0000-0003-0293-2744 

R E FE R E N C E S
 1. Wu S, Wu B, Liu M, et al. Stroke in China: advances and challenges 

in epidemiology, prevention, and management. Lancet Neurol. 
2019;18(4):394- 405.

 2. Wang W, Jiang B, Sun H, et al. Prevalence, incidence, and mor-
tality of stroke in China clinical perspective: results from a na-
tionwide population- based survey of 480687 adults. Circulation. 
2017;135(8):759- 771.

 3. Powers WJ, Derdeyn CP, Biller J, et al. 2015 American Heart 
Association/American Stroke Association focused update of the 
2013 guidelines for the early management of patients with acute 
ischemic stroke regarding endovascular treatment: a guideline for 
healthcare professionals from the American Heart Association/
American Stroke Association. Stroke. 2015;46(10):3020- 3035.

 4. Seners P, Turc G, Oppenheim C, et al. Incidence, causes and predic-
tors of neurological deterioration occurring within 24 h following 
acute ischaemic stroke: a systematic review with pathophysiologi-
cal implications. J Neurol Neurosurg Psychiatry. 2015;86:87- 94.

 5. Goyal M, Menon BK, van Zwam WH, et al. Endovascular throm-
bectomy after large- vessel ischaemic stroke: a meta- analysis 
of individual patient data from five randomised trials. Lancet. 
2016;387(10029):1723- 1731.

 6. Seners P, Baron JC. Revisiting ‘progressive stroke’: incidence, pre-
dictors, pathophysiology, and management of unexplained early 
neurological deterioration following acute ischemic stroke. J Neurol. 
2018;265:216- 225.

 7. Boulenoir N, Turc G, Henon H, et al. Early neurological deteriora-
tion following thrombolysis for minor stroke with isolated internal 
carotid artery occlusion. Eur J Neurol. 2021;28(2):479- 490.

 8. Makris K, Haliassos A, Chondrogianni M, et al. Blood biomarkers 
in ischemic stroke: potential role and challenges in clinical practice 
and research. Crit Rev Clin Lab Sci. 2018;55(5):294- 328.

 9. Petty MA, Lo EH. Junctional complexes of the blood- brain bar-
rier: permeability changes in neuroinflammation. Prog Neurogibol. 
2002;68(5):311- 323.

 10. Pan R, Yu K, Weatherwax T, et al. Blood occludin level as a potential 
biomarker for early blood brain barrier damage following ischemic 
stroke. Sci Rep. 2017;7:40331.

 11. Li W, Pan R, Qi Z, et al. Current progress in searching for clinically 
useful biomarkers of blood- brain barrier damage following cerebral 
ischemia. Brain Circ. 2018;4(4):145- 152.

 12. Li W, Qi Z, Kang H, et al. Serum occludin as a biomarker to predict 
the severity of acute ischemic stroke, hemorrhagic transformation, 
and patient prognosis. Aging Dis. 2020;11(6):1395- 1406.

 13. Zaidat OO, Yoo AJ, Khatri P, et al. Recommendations on angio-
graphic revascularization grading standards for acute ischemic 
stroke: a consensus statement. Stroke. 2013;44:2650- 2663.

https://orcid.org/0000-0001-6020-4484
https://orcid.org/0000-0001-6020-4484
https://orcid.org/0000-0003-0293-2744
https://orcid.org/0000-0003-0293-2744


    |  1007LI et aL.

 14. Jack CR, Bentley MD, Twomey CK, et al. MR imaging- based volume 
measurements of the hippocampal formation and anterior temporal 
lobe: validation studies. Radiology. 1990;176(1):205- 209.

 15. Nogueira RG, Jadhav AP, Haussen DC, et al. Thrombectomy 6 to 24 
hours after stroke with a mismatch between deficit and infarct. N 
Engl J Med. 2018;378(1):11- 21.

 16. Saver JL, Goyal M, Bonafe A, et al. Stent- retriever thrombec-
tomy after intravenous t- PA vs. t- PA alone in stroke. N Engl J Med. 
2015;372(24):2285- 2295.

 17. Huybrechts KF, Caro JJ. The Barthel Index and modified 
Rankin Scale as prognostic tools for long- term outcomes after 
stroke: a qualitative review of the literature. Curr Med Res Opin. 
2007;23(7):1627- 1636.

 18. Berkhemer OA, Fransen PS, Beumer D, et al. A randomized trial 
of intraarterial treatment for acute ischemic stroke. N Engl J Med. 
2015;372(1):11- 20.

 19. Mazya MV, Cooray C, Lees KR, et al. Minor stroke due to large 
artery occlusion. When is intravenous thrombolysis not enough? 
Results from the SITS International Stroke Thrombolysis Register. 
Eur Stroke J. 2018;3:29- 38.

 20. Seners P, Turc G, Oppenheim C, Baron JC. Incidence, causes 
and predictors of neurological deterioration occurring within 
24 h following acute ischaemic stroke: a systematic review with 
pathophysiological implications. J Neurol Neurosurg Psychiatry. 
2015;86:87- 94.

 21. Hacke W, Kaste M, Bluhmki E, et al. Thrombolysis with al-
teplase 3 to 4.5 hours after acute ischemic stroke. N Engl J Med. 
2008;359(13):1317- 1329.

 22. Darkhabani Z, Nguyen T, Lazzaro MA, et al. Complications of endo-
vascular therapy for acute ischemic stroke and proposed manage-
ment approach. Neurology. 2012;79(13)(suppl 1):192- 198.

 23. Nogueira RG, Gupta R, Jovin TG, et al. Predictors and clinical rel-
evance of hemorrhagic transformation after endovascular therapy 
for anterior circulation large vessel occlusion strokes: a multi-
center retrospective analysis of 1122 patients. J Neurointerv Surg. 
2015;7(1):16- 21.

 24. Mosimann PJ, Kaesmacher J, Gautschi D, et al. Predictors 
of unexpected early reocclusion after successful mechani-
cal thrombectomy in acute ischemic stroke patients. Stroke. 
2018;49(11):2643- 2651.

 25. Desilles JP, Rouchaud A, Labreuche J, et al. Blood- brain barrier dis-
ruption is associated with increased mortality after endovascular 
therapy. Neurology. 2013;80(9):844- 851.

 26. Wang P, Pan R, Weaver J, et al. MicroRNA- 30a regulates acute ce-
rebral ischemia- induced blood- brain barrier damage through ZnT4/
zinc pathway. J Cereb Blood Flow Metab. 2021;41(3):641- 655.

 27. Xu SY, Bian HJ, Shu S, et al. AIM2 deletion enhances blood- brain 
barrier integrity in experimental ischemic stroke. CNS Neurosci Ther. 
2021;27(10):1224- 1237.

 28. Izawa Y, Gu YH, Osada T, et al. β1- integrin- matrix interactions 
modulate cerebral microvessel endothelial cell tight junc-
tion expression and permeability. J Cereb Blood Flow Metab. 
2018;38(4):641- 658.

 29. Winkler L, Blasig R, Breitkreuz- Korff O, et al. Tight junctions in the 
blood- brain barrier promote edema formation and infarct size in 
stroke— ambivalent effects of sealing proteins. J Cereb Blood Flow 
Metab. 2021;41(1):132- 145.

 30. Lakhan SE, Kirchgessner A, Hofer M. Inflammatory mechanisms in 
ischemic stroke: therapeutic approaches. J Transl Med. 2009;7:97.

 31. Wang Q, Tang XN, Yenari MA. The inflammatory response in stroke. 
J Neuroimmunol. 2007;184(1– 2):53- 68.

 32. Yang C, Hawkins KE, Doré S, et al. Neuroinflammatory mechanisms 
of blood- brain barrier damage in ischemic stroke. Am J Physiol Cell 
Physiol. 2019;316(2):C135- C153.

 33. Lieb M, Shah U, Hines GL. Cerebral hyperperfusion syndrome after 
carotid intervention: a review. Cardiol Rev. 2012;20(2):84- 89.

 34. Fassaert LMM, Immink RV, van Vriesland DJ, et al. Transcranial dop-
pler 24 hours after carotid endarterectomy accurately identifies 
patients not at risk of cerebral hyperperfusion syndrome. Eur J Vasc 
Endovasc Surg. 2019;58(3):320- 327.

 35. Yoshie T, Ueda T, Takada T, et al. Prediction of cerebral hyper-
perfusion syndrome after carotid artery stenting by CT per-
fusion imaging with acetazolamide challenge. Neuroradiology. 
2016;58(3):253- 259.

 36. Zhao XJ, Li QX, Liu TJ, et al. Predictive values of CSS and NIHSS in 
the prognosis of patients with acute cerebral infarction: a compar-
ative analysis. Medicine (Abingdon). 2018;97(39):e12419.

 37. Lyden PD, Lu M, Levine SR, et al. A modified National Institutes 
of Health Stroke Scale for use in stroke clinical trials: preliminary 
reliability and validity. Stroke. 2001;32(6):1310- 1317.

SUPPORTING INFORMATION
Additional supporting information may be found in the online 
version of the article at the publisher’s website.

How to cite this article: Li W, Yuan S, Sui X, et al. Higher 
serum occludin after successful reperfusion Is associated 
with early neurological deterioration. CNS Neurosci Ther. 
2022;28:999– 1007. doi:10.1111/cns.13830

https://doi.org/10.1111/cns.13830

	Higher serum occludin after successful reperfusion Is associated with early neurological deterioration
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Study design
	2.2|Patient selection
	2.3|Collection of clinical indicators
	2.4|Image data
	2.4.1|Cerebral infarct volume

	2.5|Clinical score
	2.5.1|Neurological function score
	2.5.2|90-­day prognosis score

	2.6|Early neurological function deterioration (END)
	2.7|Collection of blood samples and detection of serum occludin
	2.8|Statistical analysis

	3|RESULTS
	3.1|Patients baseline characteristics
	3.2|Serum occludin and END
	3.3|Serum occludin and infarct volume
	3.4|Serum occludin and NIHSS score
	3.5|Serum occludin and 90-­day prognosis

	4|DISCUSSION
	4.1|Study limitations

	5|CONCLUSIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONs
	DATA AVAILABILITY STATEMENT

	REFERENCES


