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Purpose: Neuron-specific enolase (NSE) is considered a biomarker for the severity of nervous system diseases. We sought to explore 
whether serum NSE concentration in ischemic stroke patients undergoing mechanical thrombectomy (MT) is related to 3-month 
functional outcome and symptomatic intracranial hemorrhage (sICH).
Patients and Methods: We retrospectively collected the data of acute ischemic stroke patients with anterior circulation infarction 
receiving MT within 6 h in our stroke center. Favorable outcome and poor outcome at 3 months were defined as modified Rankin Scale 
(mRS) score 0–2 and 3–6, respectively. sICH was defined according to the Heidelberg bleeding classification. We used multivariate 
logistic regression model and receiver operating characteristic curves to investigate the correlation between NSE and clinical 
outcomes.
Results: Among the 426 patients enrolled, 40 (9.4%) patients developed sICH. Three-month favorable outcome in 160 (37.6%) and 
poor outcome in 266 (62.4%) patients were observed. Serum NSE levels was significantly correlated with 3-month mRS score (R = 
0.473, P < 0.001). A cutoff value of 15.29 and 23.12 ng/mL for serum NSE was detected in discriminating 3-month poor outcome 
(area under the curve, 0.724) and sICH (area under the curve, 0.716), respectively. Multivariate analysis showed that high serum NSE 
levels were independently associated with 3-month poor outcome (odds ratio [OR] 5.049, 95% confidence interval [CI] 2.933–8.689, 
P<0.001) and sICH (OR 5.111, 95% CI 2.210–11.820, P < 0.001).
Conclusion: Our study demonstrated that high serum NSE levels after receiving MT were independently associated with 3-month 
poor outcome and sICH in acute ischemic stroke patients. Serum NSE levels could be a good predictor of clinical outcomes for 
patients receiving MT.
Keywords: neuron-specific enolase, ischemic stroke, mechanical thrombectomy, symptomatic intracranial hemorrhage, prognosis

Introduction
Stroke serves as one of the main causes of mortality and long-term morbidity for adults worldwide.1 Several randomized 
controlled trials suggested the benefit of mechanical thrombectomy (MT) in abating death and disability in patients with 
acute ischemic stroke due to large vessel occlusion in the anterior circulation,2,3 However, some patients may develop 
a series of complications such as symptomatic intracranial hemorrhage (sICH) after receiving MT, which is potentially 
associated with poor prognosis.4 More than half of the ischemic stroke patients may not achieve favorable functional 
outcome after 3 months even if they had been treated with MT, according to previous studies.5,6 Therefore, early clinical 
evaluation is crucial to improve the prognosis of these patients, and serum biomarkers could be useful.
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Enolase is a glycolytic enzyme catalyzing the biosynthesis of phosphoenolpyruvate with 2-posphoglycerate. It is 
dimer with three immunologically distinct subunits: α, β and γ. The γ-enolase is also known as neuron-specific enolase 
(NSE), which is highly localized in neurons and neuroendocrine cells, but present only in inappreciable amounts in 
peripheral blood under physiological conditions.7,8 After brain injury, NSE could be released from the damaged neurons 
into the blood through the impaired blood–brain barrier (BBB).9 Therefore, NSE is considered as a biomarker that 
reflects neuronal damage and BBB disruption, providing reference for the diagnosis and prognosis of neurological 
diseases including cerebral venous thrombosis,10 subarachnoid hemorrhage,11 epileptic seizure,12 Parkinson’s disease,13 

and ischemic stroke,14 etc. Iłżecki et al found that NSE could be a marker of reperfusion injury after carotid 
endarterectomy.15 Capoccia et al reported that perioperative microembolization may elevate NSE levels at 24 h after 
carotid artery stenting.16 What is more, one previous study showed that lower levels of NSE may be related to favorable 
outcome after treatment with intravenous rt-PA therapy.17 However, the association of NSE with patients undergoing MT 
has not been investigated before. Considering that MT has become an important reperfusion therapy nowadays, we 
undertook this study to explore the relationship between NSE and clinical outcomes including functional outcome and 
sICH in patients receiving MT therapy.

Patients and Methods
Study Population
We retrospectively collected the clinical and laboratory data of acute ischemic stroke patients between April 2015 and 
December 2020 in Nanjing First Hospital, Nanjing Medical University. The inclusion criteria were as follows: (1) over 
18 years old; (2) time of symptom onset less than 6 h; (3) anterior circulation infarction treated with MT; (4) with 
serum NSE levels measured and 3-month follow-up. The exclusion criteria were as follows: (1) with intracranial 
hemorrhage or subarachnoid hemorrhage on initial CT; (2) with serious heart, liver or kidney dysfunction; (3) with 
craniocerebral tumor, pulmonary tumor or other diseases that may influence blood NSE levels.18 Due to the retro-
spective nature of this study, written informed consent to participate was waived by the ethics committee of Nanjing 
First Hospital, Nanjing Medical University. This work was conducted in conformity to the guidelines of the 
Declaration of Helsinki.

Baseline Characteristics Collection
Baseline characteristics of each participant were collected, including demographic characteristics, underlying diseases, 
smoking and drinking status, previous medication use (including antiplatelet and statin), stroke severity, blood 
pressure at admission, procedural-related characteristics, stroke subtype, and laboratory data. All the patients accepted 
equipment inspection as needed for assessing the stroke etiology. Stroke subtype was classified according to Trial of 
ORG 10172 in Acute Stroke Treatment (TOAST) criteria.19 Based on digital substraction angiography, successful 
recanalization was defined as a TICI score of 2b-3.20 Poor collateral status was defined as grade 0 to 1, and moderate 
to excellent collateral status was defined as grade 2 to 4 using the American Society of Interventional and Therapeutic 
Neuroradiology/Society of Interventional Radiology grading system.21 Stroke severity at admission was assessed 
using National Institutes of Health Stroke Scale (NIHSS) score. sICH was defined as any hemorrhagic transformation 
associated with total NIHSS score worsening ≥4 points or worsening ≥2 points in one NIHSS category or deterioration 
led to intubation, hemicraniectomy, external ventricular drain placement, or any other major interventions, which used 
the Heidelberg bleeding classification.5,22 The assessment of 3-month functional outcome after discharge were 
conducted through face-to-face or phone follow-up using the modified Rankin Scale (mRS) (ranging from 0 to 6). 
The favorable outcome was defined as mRS 0–223,24 and the poor outcome was defined as mRS 3–6.23,25 In our study, 
the primary clinical outcome was 3-month functional outcome, and the secondary clinical outcome was sICH 
after MT.
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Measurement of Serum NSE
The peripheral blood was drawn within 24 h after receiving MT for laboratory examination. The measurement of serum 
NSE levels were conducted in a certificated laboratory of Nanjing First Hospital with a chemiluminescence detection 
assay by a Cobas 8000 automatic biochemical analyzer (Roche Diagnostics, Basel, Switzerland). The normal NSE value 
in healthy adults was <16.3 ng/mL.26,27

Statistical Analysis
Statistical analysis was conducted using the Statistical Package for the Social Sciences (SPSS) version 21.0 and 
GraphPad Prism version 9.0.0. Continuous variables were described as means ± standard deviations or medians 
(interquartile range), as appropriate, and categorical variables were described as frequencies (percentages). For contin-
uous variables, comparisons in baseline characteristics between subgroups were performed with independent sample 
t-test, Mann–Whitney U-test or Kruskal–Wallis test, as appropriate. For binary and categorical variables, comparisons 
between subgroups were performed with χ2 test or Fisher’s exact test, as appropriate. The Spearman test was applied to 
examine the correlation between continuous variables or ranking variables. Receiver operating characteristic (ROC) 
curve was applied for calculating the area under the curve (AUC) to assess the discriminating value of NSE on clinical 
outcomes after MT and to determine the optimal cutoff point. The value above or below the optimal cutoff point was 
regarded as the high and normal NSE levels in stroke patients receiving MT, respectively. The sensitivity and specificity 
of NSE were calculated based on the definition of 3-month functional outcome and sICH. MedCalc software version 
20.014 was used to obtain ROCs. Variables with statistical significance in univariate analysis were included in multi-
variable analysis to adjust for confounding factors. A two-tailed value of P < 0.05 was regarded as statistically 
significant.

Results
A total of 426 patients from April 2015 to December 2020 were finally enrolled in our study. Among these patients, 40 
(9.4%) patients developed sICH. Favorable outcome and poor outcome were observed in 160 (37.6%) and 266 (62.4%) 
patients, respectively. Baseline characteristics of study patients according to 3-month outcome are shown in Table 1. 
Variables that significantly differed between the two groups are depicted as follows: age (P < 0.001), male (P = 0.005), 
smoking (P = 0.006), drinking alcohol (P = 0.009), initial NIHSS score (P < 0.001), time from onset to puncture (P < 
0.001), number of device passes (P < 0.001), poor collateral status (P = 0.027), successful recanalization (P < 0.001), 
sICH (P < 0.001), stroke subtype (P = 0.003), FBG (P < 0.001) and NSE levels (P < 0.001). Baseline characteristics 
between sICH and non-sICH patients were also compared, shown in Supplementary Table 1.

Comparisons of NSE levels based on recanalization status, atrial fibrillation, sICH and intravenous thrombolysis are 
exhibited in Figure 1. Patients with sICH had significantly higher NSE levels than those without sICH (23.47 [17.70, 
31.66] vs 15.16 [12.58, 19.55] ng/mL, P < 0.001). What is more, NSE levels were also higher in patients who had an 
atrial fibrillation than those without atrial fibrillation (18.46 [13.37, 23.82] vs 14.79 [12.57, 18.83] ng/mL, P < 0.001). 
Patients with successful recanalization had lower NSE levels than patients with unsuccessful recanalization, but the 
difference was not significant between the two subgroups (15.42 [12.56, 20.14] vs.17.42 [13.51, 21.18] ng/mL, P = 
0.134). Also, there was no significant difference in NSE levels between patients with and without intravenous 
thrombolysis before MT (15.30 [12.67, 20.06] vs 15.68 [12.93, 20.50] ng/mL, P = 0.499). The Spearman test in 
Table 2 shows that serum NSE levels were significantly and positively correlated with stroke severity assessed by initial 
NIHSS score (R = 0.294), number of device passes during MT (R = 0.177), FBG (R = 0.215) and 3-month mRS score 
(R = 0.473) (all P < 0.001). Further analysis showed that patients with severe stroke had significantly higher NSE levels 
than mild or moderate stroke (P < 0.001). Also, patients with more than 3 passes during MT had significantly higher NSE 
levels compared with less than 3 passes (20.03 [13.29, 28.76] vs 15.15[12.59, 19.45] ng/mL, P < 0.001), shown in 
Supplementary Figures 1 and 2.

The ROC curves showed the discriminative ability of NSE in 3-month poor outcome and sICH after MT (Figure 2). 
The optimal cutoff value for NSE as a predictor of 3-month poor outcome was determined to be 15.29 ng/mL, which 
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yielded a sensitivity of 66.5% and a specificity of 72.5%, with the AUC at 0.724 (95% confidence interval [CI] 0.676– 
0.772). While the optimal cutoff value for NSE to discriminate sICH after MT was determined to be 23.12 ng/mL, which 
yielded a sensitivity of 55.0% and a specificity of 86.5%, with the AUC at 0.716 (95% CI 0.616–0.816).

Table 1 Baseline Characteristics of Patients According to 3-Month Outcome

Variables Poor Outcome (n=266) Favorable Outcome (n=160) P

Demographic characteristics
Age, years 74 (66, 81) 67 (60, 75) <0.001

Male, % 157 (59.0) 116 (72.5) 0.005

Vascular risk factors, %
Hypertension 186 (70.0) 107 (66.9) 0.511

Diabetes mellitus 50 (18.8) 29 (18.1) 0.863

Dyslipidemia 35 (13.2) 19 (11.9) 0.700
Coronary heart disease 55 (21.1) 24 (15.4) 0.151

Atrial fibrillation 87 (32.7) 42 (26.3) 0.160
Previous stroke 67 (25.2) 32 (20.1) 0.232

Smoking 0.006

Never 168 (63.4) 76 (47.5)
Former 70 (26.4) 61 (38.1)

Current 27 (10.2) 23 (14.4)

Drinking alcohol 0.009
Never 193 (72.8) 94 (58.8)

Former 51 (19.2) 50 (31.3)

Current 21 (7.9) 16 (10.0)
Clinical data

Previous antiplatelet, % 45 (16.9) 29 (18.1) 0.750

Previous statin, % 21 (7.9) 19 (11.9) 0.117
Initial NIHSS score 16 (13, 20) 12 (7, 16) <0.001

SBP, mmHg 138 (124, 155) 138.0 (125, 151) 0.868

DBP, mmHg 84.9±15.6 84.2±13.6 0.621
Intravenous thrombolysis, % 109 (41.0) 71 (44.4) 0.492

Door-to-puncture time, min 108.0 (80.0, 135.0) 104.0 (70.0, 130.0) 0.087

Onset-to-puncture time, min 265.0 (187.0, 314.0) 225.0 (161.0, 270.0) <0.001
Number of device passes 2 (1, 3) 1 (1, 2) <0.001

Poor collateral status, % 129 (48.5) 60 (37.5) 0.027

Successful recanalization, % 220 (82.7) 147 (91.9) <0.001
sICH, % 36 (13.5) 4 (2.5) <0.001

Stroke subtype, % 0.003

LAA 96 (36.1) 85 (53.1)
CE 132 (49.6) 59 (36.9)

Other subtypes 38 (14.3) 16 (10.0)

Laboratory data
TC, mmol/L 4.13 (3.43, 4.95) 4.43 (3.54, 5.07) 0.178

TG, mmol/L 1.02 (0.76, 1.46) 1.11 (0.82, 1.65) 0.111

LDL, mmol/L 2.49 (1.91, 3.07) 2.65 (1.94, 3.29) 0.443

HDL, mmol/L 1.08 (0.92, 1.30) 1.08 (0.88, 1.27) 0.453

FBG, mmol/L 6.83 (5.72, 8.57) 5.61 (4.89, 6.69) < 0.001

NSE, ng/mL 17.65 (13.91, 23.25) 13.35 (11.76, 15.67) < 0.001

Abbreviations: NIHSS, National Institutes of Health Stroke Scale; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
sICH, symptomatic intracranial hemorrhage; LAA, large-artery atherosclerosis; CE, cardioembolism; TC, total cholesterol; TG, 
triglyceride; LDL, low-density lipoprotein; HDL, high-density lipoprotein; FBG, fasting blood glucose; NSE, neuron-specific 
enolase.
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Table 3 manifests the results of logistic regression analysis. In univariate logistic regression analysis, serum NSE 
levels were relevant to 3-month poor outcome and sICH. After adjusting for potential confounders, serum NSE as 
dichotomous variables according to the optimal cutoff value remained independently associated with 3-month poor 
outcome (odds ratio [OR] 5.049, 95% CI 2.933–8.689, P < 0.001) and sICH (OR 5.111, 95% CI 2.210–11.820, P < 
0.001). Meanwhile, serum NSE as continuous variables was also independently associated with 3-month poor outcome 
(OR 1.151, 95% CI 1.087–1.219, P < 0.001), as well as sICH after undergoing MT (OR 1.036, 95% CI 1.008–1.065, P = 
0.012).

Discussion
Although previous studies have examined the association of NSE with ischemic stroke,14,17,28 the clinical value of NSE 
in patients receiving MT remains unclear. In most studies, serum NSE was considered as a biomarker for severity and 
clinical outcome of ischemic stroke, while in stroke patients receiving reperfusion therapy, the clinical value of NSE 
could be complicated by more confounding factors. Gunawan et al found that NSE was significantly elevated after 
reperfusion in hypoxic ischemia rat model.29 The prospective study by Lu et al suggested a correlation between serum 
NSE > 13.90 ng/mL and 90-day outcome in patients treated with intravenous thrombolysis, but after adjustment for 
NIHSS scores and intracranial hemorrhage, the correlation was found not significant.17 As an observational study, our 
results showed that serum NSE levels were independently associated with 3-month outcome in patients undergoing MT. 

Figure 1 Serum NSE levels in subgroups based on recanalization status (a), atrial fibrillation (b), sICH (c) and intravenous thrombolysis (d). Value represents median; error 
bars represent interquartile range.
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Serum NSE levels was significantly correlated with 3-month mRS scores. Serum NSE levels have a good predictive 
ability for poor outcome with a threshold of 15.29 ng/mL according to the ROC analysis. Patients with high NSE levels 
(>15.29 ng/mL) had about 4 times higher risk of poor functional outcome after 3 months. Interestingly, the threshold 
15.29 ng/mL is very close to the upper limit of normal NSE value (16.3 ng/mL) in clinical practice. In this study, the 
incidence of sICH and poor outcome were in high agreement with the results of prior researches,6,30,31 such as DIRECT- 
MT trial, which was conducted by Chinese scholars focusing on MT therapy.

We found that serum NSE levels within 24 h were highly correlated with sICH after undergoing MT. Patients 
developing sICH possessed significantly higher serum NSE levels than non-sICH patients, since BBB disruption is the 
central factor of hemorrhagic transformation in ischemic stroke.32 Meanwhile, mechanical compression from hematoma 
and edema may decrease cerebral perfusion, and the infiltration of inflammatory and pro-apoptotic factors from blood 

Table 2 Spearman Correlation of NSE with Baseline 
Characteristics and mRS Score

Variables Related Coefficient P

Age 0.046 0.345

Initial NIHSS score 0.294 <0.001

SBP −0.019 0.696
DBP 0.059 0.225

Door-to-puncture time −0.039 0.420

Onset-to-puncture time −0.026 0.598
Number of device passes 0.177 <0.001

TC 0.014 0.771
TG 0.040 0.416

LDL 0.025 0.613

HDL −0.011 0.822
FBG 0.215 <0.001

3-month mRS score 0.473 <0.001

Abbreviations: NSE, neuron-specific enolase; NIHSS, National Institutes of 
Health Stroke Scale; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure; TC, total cholesterol; TG, triglyceride; LDL, low-density lipoprotein; 
HDL, high-density lipoprotein; FBG, fasting blood glucose; mRS, modified 
Rankin Scale.

Figure 2 Receiver operating characteristic curves of serum NSE for predicting 3-month poor outcome (a) and discriminating sICH (b) after MT. 
Abbreviation: AUC, area under curve.
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could cause further brain damage.33 Moreover, hemorrhage transformation occurs more frequently in areas of grey 
matter, where NSE is highly localized.29,34 Kim et al continuously measured serum NSE in acute ischemic stroke 
patients, and the second elevation of NSE peak as well as lesion volume was found to be an independent predictor of 
hemorrhagic transformation, which was probably caused by the secondary brain injury.35 Our study indicated that serum 
NSE might also be a good predictor of hemorrhagic transformation after ischemic stroke patients receive MT therapy.

In line with prior research, there was a positive association between serum NSE levels and stroke severity on 
admission assessed by the NIHSS scores.28 Firstly, more severe stroke means more initial neuronal damage and 
disruption of the BBB. Secondly, stroke severity was considered to be an independent factor of hemorrhage transforma-
tion after thrombectomy.36 Therefore, postprocedural serum NSE levels were susceptible to the initial severity of stroke. 
In our study, patients with successful recanalization tended to have lower NSE levels. However, the difference was not 
significant, which may partly due to BBB disruption from reperfusion injury, and some of the patients with successful 
recanalization suffered early reocclusion within 24 h.37,38 According to Iłżecki et al, both cerebral hyper-perfusion and 
hypo-perfusion could be responsible for serum NSE increase.15 So the early serum NSE levels may not reflect the 
recanalization status well. Consistent with previous studies, patients with atrial fibrillation also had higher NSE 
levels.17,35 Besides the different severity of stroke, a clinical trial revealed that patients with atrial fibrillation were 
likely to undergo more retrieval attempts.39 Similarly, we found that serum NSE was positively associated with the 
number of thrombectomy device passes. Recent studies showed that over 3 retrieval attempts significantly increased the 
risk of sICH,40 and even in patients with recanalization achieved, more thrombectomy device passes reduced the rate of 
good outcome,41 which could be partly attributed to vascular endothelial injury, compromising BBB integrity.42 In 
addition, we found that serum NSE levels after receiving MT increased with fasting blood glucose, which agreed with the 
study by Pandey et al43 Our result supports the importance of early blood glucose management after endovascular 
treatment.

Of note, we did not find a positive correlation between NSE levels after MT and onset or door-to-puncture time. This 
might be explained by the inclusion criteria that time of symptom onset was less than 6 h. A systematic review by Anand 
et al demonstrated that the time frame of the earliest detectable increase in serum NSE ranged from 4 to 8 h after stroke 
onset.44 In our study, the median onset-to-puncture time was 241 min in all the patients included, so the impact on NSE 
levels after MT by onset or door-to-puncture time might be confounded because of procedure-related factors. In addition, 
we found no difference in NSE levels between patients with and without intravenous thrombolysis before receiving MT. 
One possible explanation is that although there could be a potential risk of hemorrhagic transformation, intravenous 
thrombolysis treatment may relieve nerve injury and improve prognosis, reducing serum NSE levels of ischemic stroke 

Table 3 Logistic Regression Analysis for NSE with 3-Month Poor Outcome and sICH

Variables Model OR 95% CI P

For 3-month poor outcome
NSE ≥15.29 ng/mL Univariate model 5.082 3.311–7.801 <0.001

Multivariate modela 5.049 2.933–8.689 <0.001

NSE as continuous variable, ng/mL Univariate model 1.166 1.112–1.223 <0.001
Multivariate modela 1.151 1.087–1.219 <0.001

For sICH
NSE ≥23.12 ng/mL Univariate model 7.679 3.863–15.265 <0.001

Multivariate modelb 5.111 2.210–11.820 <0.001

NSE as continuous variable, ng/mL Univariate model 1.060 1.034–1.086 <0.001

Multivariate modelb 1.036 1.008–1.065 0.012

Notes: aAdjusted for age, sex, smoking, drinking alcohol, initial NIHSS score, onset-to-puncture time, number 
of device passes, collateral status, recanalization status, sICH, stroke subtype, FBG. bAdjusted for age, atrial 
fibrillation, initial NIHSS score, DBP, number of device passes, stroke subtype, HDL, FBG. 
Abbreviations: NSE, neuron-specific enolase; sICH, symptomatic intracranial hemorrhage; OR, odds ratio; CI, 
confidence interval.

Neuropsychiatric Disease and Treatment 2023:19                                                                              https://doi.org/10.2147/NDT.S400925                                                                                                                                                                                                                       

DovePress                                                                                                                         
715

Dovepress                                                                                                                                                             Peng et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


patients.4,45 Another interesting result was that the poor outcome group contained a larger number of female patients 
compared with the favorable outcome group, which agreed with the finding of a prospective cohort study by Madsen 
et al46 This is probably attributed to the older age and higher ratio of atrial fibrillation as well as cardioembolic stroke 
among the female patients.47,48 More detailed researches are warranted to ascertain the gender difference in endovascular 
treatment to help formulate the optimal management.

Furthermore, elevated NSE might not just be the result of neuronal injury but also involved in pathological process. It 
has been found that enolase raised BBB permeability by inducing apoptosis of brain microvascular endothelial cells.49 

Inflammation may play an important role in neuronal injury, and previous study showed that serum NSE was remarkably 
increased in acute encephalitis syndrome.50 Matrix metalloproteinase-9 is a gelatinase linked to BBB extracellular matrix 
degradation released by inflammatory cells.51 Haque et al reported that inhibition of NSE activity decreased matrix 
metalloproteinase-9 expression and inflammatory reaction in spinal cord injury.52–54 By contrast, a recent study indicated 
that NSE may cooperate with α-enolase against neuronal injury in stroke models.55 Nevertheless, the pathophysiological 
role of NSE in ischemic stroke is still not clear.

Given the fact that NSE has been widely used as a well-known tumor marker, it is easy to be obtained in clinical 
practice.18,50 The connection between NSE after MT and clinical outcomes suggests that we should pay more attention to 
patients with high NSE levels in early stage, and good postprocedural care and treatment of complications such as 
hemorrhagic transformation should be stressed for these patients. In the present study, the NSE levels were not measured 
before MT, but brain damage had occurred when the patients arrived at the emergency room. Therefore, in the future 
study, we aim to focus on the clinical significance of serum NSE before MT and the mechanism how the reperfusion 
therapy affects serum NSE levels.

There are several restrictions to be considered in this study. First, this is a single-center study in China, and the 
number of participants in our study is relatively small, so our conclusions may be limited to be extended to other 
populations. Second, this is a retrospective and observational study, which may probably lead to selection bias. Some 
potential confounding factors may not be controlled. Third, it is revealed that NSE levels may change dynamically over 
time after brain injury,56 but in our study, the NSE levels were not measured continuously for each patient. Thus, the 
results in our study must be interpreted with caution.

Conclusions
To sum up, the present study suggested that a high serum NSE level within 24 h after receiving MT independently 
associates with the poor clinical outcomes in ischemic stroke patients. Serum NSE may be a good predictor of 3-month 
functional outcome and hemorrhagic transformation for patients treated with MT therapy. More severe stroke, atrial 
fibrillation, more retrieval attempts and high blood glucose could be related to early elevation of serum NSE in patients 
undergoing MT. Patients with high NSE levels after MT may need more attention from neurologists.
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