Neuropsychiatric Disease and Treatment

Dove

ORIGINAL RESEARCH

Interleukin-6 in Cerebrospinal Fluid Small
Extracellular Vesicles as a Potential Biomarker for
Prognosis of Aneurysmal Subarachnoid

Haemorrhage

Yang Yao''>*
Xinggen Fang'*
Jinlong Yuan'
Feiyun Qin'
Tao Yu'
Dayong Xia
Zhenbao Li'
Niansheng Lai

1,3

1,3

'Department of Neurosurgery, First
Affiliated Hospital of VWannan Medical
College (Yijishan Hospital of Wannan
Medical College), Wuhu, 241001, Anhui
Province, People’s Republic of China;
2Department of Nursing, The First
Affiliated Hospital of VWannan Medical
College (Yijishan Hospital of Wannan
Medical College), Wuhu, 241001, Anhui
Province, People’s Republic of China;
3Key Laboratory of Non-Coding RNA
Transformation Research of Anhui Higher
Education Institution (Wannan Medical
College), Wuhu, 241001, Anhui Province,
People’s Republic of China

*These authors contributed equally to
this work

Correspondence: Niansheng Lai;
Zhenbao Li

Department of Neurosurgery, First
Affiliated Hospital of Wannan Medical
College (Yijishan Hospital), 2 West
Zheshan Road, Wuhu, 241001, Anhui
Province, People’s Republic of China
Tel +86-15155308793

Fax +86-05535739594

Email mins@wnmc.edu.cn;
zhenbaolil23@126.com

Objective: Aneurysmal subarachnoid hemorrhage (aSAH) is a severe form of stroke
characterized by high rates of mortality and disability. Identifying circulating biomarkers is
helpful to improve outcomes. In this study, for the first time, we identify interleukin-6 (IL-6)
in cerebrospinal fluid (CSF) small extracellular vesicles (SEVs) as potential biomarkers for
prognosis of aSAH.

Methods: We extracted small extracellular vesicles from the CSF of 103 aSAH patients and
40 healthy controls in a prospective observational study. Subsequently, we measured IL-64gv
levels using an enzyme-linked immunosorbent assay. Results were statistically analyzed to
determine the function of IL-64gy; for disease monitoring of aSAH.

Results: CSF IL-6 (v showed distinct pattern differences between healthy controls and aSAH
patients. The concentration of IL-6.gys in CSF is significantly correlated with the severity of
aSAH patients. The areas under the receiver operating characteristic curves of IL-64gy, for
identifying severe aSAH patient from aSAH patients were 0.900. After multivariate logistic
regression analysis, IL-6,gys were associated with neurological outcome at 1 year. IL-63pvs
levels were greater and positively associated with disease processes and outcome.
Conclusion: There is a neuroinflammatory cascade in aSAH patients. IL-64gy in CSF may
be a biomarker for the progression of aSAH.

Keywords: subarachnoid hemorrhage, cerebrospinal fluid, small extracellular vesicles,
interleukin-6, biomarker

Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) is a type of hemorrhagic stroke
associated with 45% mortality and disability, which occurs at young ages and
accounts for 5-7% of all strokes.'”? The primary factors determining outcome
include characteristics of the initial hemorrhage, which can lead to early brain
injury (EBI) and may be related to delayed cerebral ischemia (DCI).*> Recently,
researchers found that EBI after aSAH may predict unfavorable outcomes.*> These
findings suggest the importance of pathological processes in EBI after aSAH,
related to changes including microcirculation insufficiency, breakdown of ionic
homeostasis, neuroinflammation, and microvascular contraction.®”® A reliable,
early, economical and non-invasive method is urgently in need to screen patients

$O as to improve outcomes.
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Several studies focused on small extracellular vesicles
(sEVs), which are lipid membrane vesicles that cross the
blood-brain barrier (BBB) and mediate long-distance inter-
cellular communications, assisting in transferring proteins,
lipids, and ribonucleic acid for subsequent regulation of

%19 SEVs are also secreted

gene expression in target cells.
by brain cells passing through the BBB and can be tested
in cerebrospinal fluid (CSF).'"'? SEVs can be enriched
from CSF and can be used to detect various proteins,
lipids, and nucleic acids."? Secreted sEVs might be bio-
markers that reflect pathophysiological processes in central
nervous system (CNS) diseases. Recent studies have mea-
sured sEVs contents, finding a variety of proteins and
functional ribonucleic acid species as biomarkers for cere-
bral ischemia.'*'®

There is substantial evidence that the inflammatory
response occurs very early after SAH and assists in EBI
progression after SAH.**'? Potential biomarkers include
inflammatory cytokines such as interleukin-1p3 (IL-1pB), IL-
6, IL-8, IL-18, and tumor necrosis factor-alpha (TNF-
).2° 2% IL-6 is a pro-inflammatory cytokine that increases
in response to infection, tissue injury and other
diseases.'***** Studies reported that elevated IL-6 levels
induce neuroinflammation and may be closely associated
with the outcomes of aSAH.2%2>2¢ Nevertheless, screens
for the expression IL-6 of SEVs in CSF of aSAH patients
have not yet been reported.

Therefore, we hypothesized that aSAH causes changes
in levels of IL-6 in sEVs in the CNS and that these sEVs
are released into CSF where they may act as ideal biomar-
kers for aSAH. We extracted sEVs from the CSF of
healthy controls and aSAH patients to measure expression
levels of IL-6 in sEVs. We measured the IL-6 sgy expres-
sion levels in aSAH patients, to evaluate possible connec-
tions between inflammatory response biomarkers and

disease progression.

Methods
Ethics

Study participants were recruited from the Department of
Neurosurgery, The First Affiliated Hospital of Wannan
Medical College, Wuhu City, China. The study was per-
formed following the Declaration of Helsinki. The Ethics
Committee of the First Affiliated Hospital of Wannan
Medical College approved all experiments. Participants
or valid proxies provided written informed consent before
the study.

Study Design

Patients with aSAH were recruited from March 2016 to
August 2017. Out of 326 patients, CSF was collected from
103 patients with aSAH within the 48 h after hemorrhage
after external ventricular drainage or lumbar puncture.
Exclusion criteria were as follows: admission later than
72 h after ruptured aneurysm; non-aneurysmal SAH; liver,
kidney, heart or lung insufficiency or infectious diseases;
rebleeding after admission and poor outcomes upon
admission without any treatment. From healthy controls,
CSF was obtained during spinal anesthesia before sur-
gery (n=40).

The WENS grade is a tool that determines the scales of
SAH-induced EBI. Initial clinical status was accessed
using the World Federation of Neurological Surgeons
(WFNS) grade on admission.?” aSAH patients were clas-
sified as mild aSAH with WFNS grades of I-III, and
severe aSAH with WFNS grades IV and V. The modified
Fisher scale was used to calculate the amount of blood of
aSAH patients. The amount of blood on computed tomo-
graphy (CT) was evaluated using the modified Fisher scale
on admission.”” Cerebral vasospasm was diagnosed using
computed tomography angiography, digital subtraction
angiography, magnetic resonance angiography, or transcra-
nial Doppler according to maximum mean flow velocity
(MMFV) > 120 cm/s, and Lindegaard ratios > 3.2%°3¢
Hydrocephalus and DCI were classified as present or
absent based on CT scans or magnetic resonance imaging
(MRI). DCI was confirmed as a new focal neurological
deficit, consciousness disorder, or a new infarct based on
CT scans or MRI.*!

Surgical clip or endovascular coil was performed in all
patients with aSAH. Functional outcome was assessed
using the Modified Rankin Scale (mRS) using structured
WeChat or telephone interviews by two trained nurses.*>
At the end of the follow-up period, patients with mRS
scores 0—2 were classified as having good outcomes, and
those with mRS scores 3—6 were classified as having poor
outcomes. All participants received a follow-up at 1-year
after aSAH. Tables 1 and 2 summarize the basic charac-
teristics of the population.

CSF Processing

CSF specimens were centrifuged at 500 rpm and 4 °C for
10 minutes. The upper layer was transferred into a RNase/
DNase-free 1.5mL Eppendorf tube. CSF specimens were
divided into aliquots and stored at —80°C.
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Table | Characteristics and Clinical Data of Study Population Table 2 Clinicopathological Features of aSAH
Parameters aSAH Group, Control Group, P value Parameters mRS 0-2, | mRS 3-6, P value
n (%) n (%) n (%) n (%)
Sex; Male 39(37.9) 18(45) 0.45 Sex; Male 24(36.9) 15(39.5) 0.84
Sex; Female 64(62.1) 22(55) Sex; Female 41(63.1) 23(60.5)
Age; mean + SD | 60.04+ 9.75 61.08+ 7.39 0.55 Age; mean * SD (years) 59.11£9.55 | 61.63£10.01 | 0.21
(years)
Hypertension; Yes 29(44.6) 17(44.7) 1.00
Hypertension; 46(44.7) 17(42.5) 0.85
Hypertension; No 36(55.4) 21(55.3)
Yes
Hypertension; | 57(55.3) 23(57.5) Smoking; Yes 21623 | 156939 052
No Smoking; No 44(67.7) 23(60.5)
Smoking; Yes 36(35.0) 9(22.5) 0.17 WEFNS Grade; | 1(0.15) 0 <0.001
Smoking; No 67(65.0) 31(77.5) WEFNS Grade; Il 30(46.2) 4(10.5)
CSF IL-64gys * 251.15 + 38.24 26.84 + 4.84 < 0.001 WEFNS Grade; Il 19(29.2) 2(5.3)
SD (pg/mL)
WENS Grade; IV 1523.1) | 24(63.2)
Abbreviations: CSF, cerebrospinal fluid; SD, standard deviation; sEVs, small extra-
cellular vesicles. WFNS Grade; V 0 8(21.1)
Modified Fisher Score; Il 9(13.8) 0 <0.001
Isolation of sEVs from CSF Samples Modified Fisher Score; Il | 36(55.4) | 13(34.2)
sEVs w.ere isolated .usmg mlRCUBY Exosome Kl‘Fs (from Modified Fisher Score; IV | 20(30.8) 25(65.9)
Cell/Urine/CSF; Qiagen, Valencia, CA) following the
manufacturer’s protocol. Briefly, 400uL of the precipita- | P< Yes (138) 25(65.8) <0.001
tion buffer B was added to 1 mL of CSF samples and DCI, No 56(86.2) 13(34.2)
. o . .
mixed well at 4 °C for 60 minutes, followed by centrifu- Cerebral vasospasm, Yes 14(21.5) 29(76.3) <0.001
gation at 10,000 g for 30 minutes at 25 °C. The sSEVs were
. | , N 1(78. 9(23.7
harvested by removing the supernatants. The sEVs were Cerebral vasospasm, No >1(785) @37
resuspended in 100 pL of resuspension buffer, and Acute hydrocephalus, Yes | 11(16.9) 18(47.4) 0.0014
were then ready for further analysis. Then, sEVs were | Acyce hydrocephalus, No | 54(83.1) 20(52.6)
lysed using 1% Triton X-100 lysis buffer (Beyotime, . | 260 6(158) 005
. ey reatment, clippin . . .
P0013) that contained protease and phosphatase inhibitor pping
cocktails. The lysates were stored at —80°C. Treatment, coiling 63(%.9) | 33(84.2)
Pneumonia, Yes 22(33.9) 32(84.2) <0.001
Western Blot Analysis Pneumonia, No 43(66.1) | 6(15.8)
The 20 pg samples of total protein of sEVs samples were Bacterial central nervous 26.1) 821.1) 0.0048
separated using SDS-PAGE, and were electrophoretically system infection, Yes
transferred to PVDF membranes (Millipore). The mem-
. . . . Bacterial central nervous 63(96.9) 30(78.9)
branes were blocked with 5% skim milk. Western bloting N
) ) ) ] ) ) system infection, No
proceeded incubated using primary antibodies. The primary
antibodies used were as follows: mouse anti-CD63 (1:1000, Length 0;;;2'3“3)' s 15.9£2.74 | 48.10£2721 | <0.001
. ) . . mean ays
Abcam), and rabbit anti-Alix (1:1000, Abcam). Appropriate 4
HRP-conjugated anti-rabbit, or anti-mouse (1:5000, | CSFIL-6sevs +SD (pg/ml) | 229.39 288.38 <0.001
Beyotime) secondary antibodies were incubated for 2 h at 2239 3015

room temperature. Western blots were visualized using an
enhanced chemiluminescence (ECL) kit (Beyotime).

Abbreviations: CSF, cerebrospinal fluid; DCI, delayed cerebral ischemia; mRS,
Modified Rankin Scale; SD, standard deviation; sEVs, small extracellular vesicles;
WENS, World Federation of Neurological Surgeons.
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Transmission Electron Microscopy (TEM)
sEVs were adsorbed on formvar-carbon coated grids for 1
h, and subsequently transferred to drops of PBS three
times for 5 minutes. Samples were stained with uranyl
acetate and lead citrate (Sigma-Aldrich). After three time
washings for 30 seconds in deionized water, grids were
air-dried overnight and finally scanned under a JEOL
JEM-1400 transmission electron microscope at 80 kV.

Enzyme-Linked Immunosorbent Assay
(ELISA)

The concentrations of IL-6 and tetra-spanning exosome mar-
ker CD81 in sEVs of CSF were measured using specific
kits
Biotechnology, China) according to the manufacturer’s

enzyme-linked immunosorbent (Elabscience
instructions. The mean values for all the determinations of
CDS81 in the patient cohort were set at 1.00 and the relative
values for each specimen were used to normalize their recov-
ery. The final concentration of IL-6 was analyzed using optical
density (OD) values. Two laboratory technicians measured all

ELISAs without knowledge of the clinical information.

Statistical Analysis

Statistical comparisons were analyzed using MedCalc version
15.0.0 (MedCalc Software bvba, Ostend, Belgium). Data were
expressed as mean + standard deviation (SD). The Mann—
Whitney U-test was performed to assess statistical significance
between the two groups and the Kruskal-Wallis test was
performed for statistical significance between more than two
groups. The Spearman rank correlation coefficient analysis
was used to assess the relationships among the variables.
Receiver operating characteristic (ROC) curves were con-
structed to calculate the optimal thresholds of IL-6 for evaluat-
ing outcomes of aSAH. A multivariable logistic regression
model was generated to assess factors that are associated
with the outcomes after adjusting for risk factors that yielded
P < 0.1 in the univariate analyses. A P-value of < 0.05 was
considered significant.

Results

Patient Characteristics

In this pilot study, a total of 103 aSAH patients and 40 health
controls were recruited. Healthy controls included 24
patients with inguinal hernias and 16 with uterine fibroids.
The mean age £SD of aSAH patients was 60.04+ 9.75 years
(range, 40-83 yr); there were 64 females and 39 males. CSF
was collected at 48 h after aSAH or was obtained during

Patients with SAH(n=326)

223 patients excluded

1. Admission more than 24h after aSAH (n=32).
2. Non-aneurysmal SAH (n=47).

3. Little bleeding or mild headache(n=76).

4 Liver, kidney, heart or lung insufficiency or
infectious diseases (n=22).

5. Rebleeding after admission (n=9).

6.Poor prognosis without any intervention (n=11).
7.Refusal of participation (n=14).

8.Loss of follow up or withdrawal of study (n=9).
9.Not enough sample volume (n=3).

103 patients finally included in this study

[
! )’

Patients with good outcome (n=65)

Patients with poor outcome (n=38)

Figure | Inclusion criteria flowchart for the population investigated in this study.

spinal anesthesia before surgery in each healthy control. We
excluded 223 patients for reasons listed in Figure 1. The
detailed characteristics are summarized in Tables 1 and 2.
There were no significant differences in age or sex ratio
between the aSAH patients and healthy controls.

sEVs Characterization

Transmission electron microscope image showed that SEVs
were spherical with sizes of 30-150 nm, similar to the
reported sEVs (Figure 2A). There were no significant differ-
ences in the size or shape of sEVs between aSAH patients
and healthy controls. The Western blotting analysis showed
that CD63 and Alix were expressed in sEVs (Figure 2B).

IL-6.cys Levels in CSF of aSAH Patients
and Healthy Controls

The concentrations of IL-6gy were measured in 103 aSAH
samples and 40 control samples. The CD81-normalized levels
of IL-64gy; in CSF were significantly higher at one day after
operation than in control samples (aSAH: 251.15 + 38.24 pg/
mL; controls: 26.84 + 4.84 pg/mL, P<0.001) (Figure 3).

Relationships of IL-6.gys of CSF with
aSAH Severity

As illustrated in Figure 4A, comparison of the severe aSAH
patients with mild had significantly higher IL-64vy levels
(mild aSAH:228.58 +£22.75 pg/mL; severe aSAH: 280.25
+34.38 pg/mL, P<0.001). To determine the utility of IL-64gys
for the identification of patients with severe aSAH, we used
ROC curve analysis and found that the area under the ROC of
IL-6sgys was 0.900 (95% CI: 0.825-0.950; P<0.001) and
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Figure 2 Characterization of exosomes. (A) Transmission electron microscopy of isolated plasma exosomes. Bar, 100 nm. (B) Western blotting analysis of exosome

markers (CD63 and Alix).

400 *xk
[ |
~ 300
£
()]
=
U>«J> 200 +
(oU)
I
— 100
T e
0 -
1 1
Control aSAH

Figure 3 Expression of IL-6,gy, in aSAH patients and healthy controls. ***P <0.001.

Youden index was 0.70 (Figure 4B). The highest accuracy was
found at a cutoff expression value 0 247.89, where the positive
predictive value, negative predictive value, sensitivity, and
specificity to identify severe aSAH were 84.1, 86.4, 82.22,
and 87.93%, respectively.

To further delve into the relationships between the
levels of IL-64zys in CSF and WFNS grade, we used
Spearman’s analysis. In the aSAH patients, there were
close relationships between the levels of IL-64gys (p =
0.710; 95% CI: 0.599 to 0.794; P<0.001) and aSAH
severity according to the WENS grade.

Relationships of IL-64gys in CSF with
Clinical Outcomes of aSAH Patients

The mRS scores were higher in patients with higher expres-
sion of IL-64gys than in those with lower expression (P <

0.001; Figure 5A). In univariate analysis, WFNS grade,
modified Fisher score, cerebral vasospasm, acute hydroce-
phalus, DCI and IL-64vys levels were prognostic factors
1 year post-SAH (P < 0.1). The higher levels of IL-6.gvs
closely correlated with poor outcomes at 1 year post-SAH
after the multivariable logistic regression analysis (P <
0.001; Table 3). ROC curves revealed that the levels of
IL-64rvs had a robust predictive value to discriminate poor
outcomes, with an area under the curve (AUC) value of
0.947 (95% CI: 0.884 to 0.981; P<0.001; Figure 5B) and
Youden index was 0.75, where the sensitivity and specificity
to identify poor outcomes were 84.21% and 90.77%, respec-
tively. Additionally, ROC curves showed that the combined
expression of IL-64zys and clinical parameters (WFNS
grade, modified Fisher score, cerebral vasospasm, acute
hydrocephalus and DCI) had a significantly higher predic-
tive value to discriminate poor outcomes, with an area under
the curve value of 0.968 (95% CI: 0.913 to 0.993; P<0.001;
Figure 5B) and Youden index was 0.88, where the sensitivity
and specificity to identify poor outcomes were 97.37% and
90.77%, respectively. These findings suggest that prognostic
prediction may be improved by the detection of the levels of
IL-64ys in CSF.

Discussion

We measured CSF sEVs in healthy controls and aSAH
patients. We found that the CSF-circulating IL-64gv levels
revealed distinct differences between healthy controls and
aSAH patients. The CSF circulating IL-64gy levels were
higher in severe aSAH patients than in mild aSAH
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Figure 4 (A) Relative levels of IL-6.gys in aSAH patients with severe aSAH and those with mild aSAH. (B) ROC curves to distinguish severe from mild aSAH patients. ***P
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Figure 5 (A) Relative levels of IL-6eys in aSAH patients with good outcome and those with poor outcome. (B) ROC curves to distinguish SAH patients with poor

outcomes. ***P <0.001.

patients. Finally, the CSF circulating IL-64gy; levels were
associated with outcomes in aSAH patients.

Several pro-inflammatory cytokines are related to
aSAH.?' IL-6 played an essential role in brain injury and

Table 3 Multivariable Logistic Analyses of Risk Factors with Poor
Outcome in aSAH Patients at |-Year

Parameter OR 95% CI P value
WFNS Grade 1.15 0.39 to 3.44 0.80
Modified Fisher Score 0.15 0.022 to 0.99 0.049
Cerebral vasospasm 2.65 0.30 to 23.08 0.38
DCI 247 0.27 to 22.20 0.42
Acute hydrocephalus 0.87 0.18 to 4.14 0.86
CSF IL-64gys levels 1.12 1.06 to 1.19 <0.001

Abbreviations: Cl, confidence interval; CSF, cerebrospinal fluid; OR, odds ratio;
sEVs, small extracellular vesicles; WFNS, World Federation of Neurological
Surgeons.

was linked to aSAH in several studies.’®****> The high
levels of IL-6 in the extracellular fluid of cerebral micro-
dialysis were associated with high intracranial hyperten-
sion and unfavourable outcome.>*?® A clinical study
showed that IL-6 in CSF was a marker for predicting
cerebral vasospasm after SAH.>’ Other studies showed
that the expression levels of IL-6 in CSF were associated
with outcomes in aSAH patients.”'*>>* Elevated IL-6
levels in CSF may induce neuroinflammation and may be
closely linked to the progression of delayed cerebral ische-
mia after SAH.?* IL-6 and TNF-a in CSF could be essen-
tial biomarkers for disease prediction and disease
monitoring in SAH patients.*> Another study reported
that the expression levels of IL-6 in CSF were biomarkers
for ventricular infection.®® Another study reported that the
determinations of IL-6 in CSF could be a useful diagnostic
biomarker for predicting shunt dependency in aSAH
patients with acute hydrocephalus.’® Others reported that
levels of IL-6 in serum were elevated, and were associated

https:
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with outcome in aSAH patients.”**° However, many pre-
vious studies also showed that measuring IL-6 levels in
circulation may be insufficient.***' CSF sEVs might
directly reflect the situation in the brain, and peripheral
circulating might have little effect on proinflammatory
cytokines in CSF sEVs. For these reasons, the measure-
ment of IL-64gy levels in CSF, as opposed to in CSF or
circulating blood, may be better reflect the actual IL-6
levels in aSAH. Therefore, in the present study, we deter-
mined whether IL-64gvy in CSF could serve as a biomarker
to discriminate aSAH patients from healthy controls.

The main findings of this study were that the levels of
IL-6¢gys in CSF were elevated in aSAH patients, suggest-
ing they might serve as a biomarker for the outcome of
aSAH. IL-6,pys expression may be used to discriminate
severe aSAH from mild aSAH. ROC curves with areas
under the curves were constructed. The sensitivity and
specificity shown in ROC curves were high for IL-64gy;
levels. IL-64ys was a good predictor of neurologic out-
come, whereas WFNS grade and modified Fisher score
were not. These results suggest that IL-6 may be involved
in the occurrence, development, and repair of aSAH. Other
CNS diseases may be associated with neuroinflammation
as well. One study reported that inflammatory cytokines in
CSF sEVs are
Proinflammatory cytokines in the exosomes derived from

elevated in acute encephalitis."'
CSF were elevated in patients with spinal cord injury.*?
For these reasons, IL-64gvs may not be fitted to distinguish
aSAH from other CNS diseases. Moreover, the pathogen-
esis of aSAH is complex and involves many pathophysio-
logical processes, including inflammation, oxidative stress,
apoptosis, autophagy and neuronal regeneration.
Although the present study aimed to investigate the
CSF-circulating IL-64gy levels as potential biomarkers
correlated with disease severity and outcome in aSAH
patients, there were a few methodological limitations.
First, this was a retrospective study with a wide age
range and a small number of patients. Second, CSF was
taken from aSAH patients after surgery and during medi-
cal treatment. The expression of IL-64gys in CSF may be
induced by changes during surgery and drugs treatment.
In summary, IL-64zy in CSF may be a reliable biomar-
ker associated with EBI of aSAH. IL-64gv in CSF could be
another accurate predictor of clinical outcomes. IL-6 is
a proinflammatory cytokine that regulates several physiolo-
gical processes. The indicator may be an early outcome
biomarker for aSAH patients, but not an independent one.

Future studies are critical to determining whether IL-64gy;
in CSF regulates a regulatory role in disease progression of
aSAH and to evaluate its potential as a therapeutic target.

Abbreviations

aSAH, aneurysmal subarachnoid hemorrhage; AUCs, area
under curves; BBB: blood-brain barrier; BCA, bicinchoninic
acid; CNS, central nervous system; CSF, cerebrospinal fluid;
CT, computed tomography; CVs, cerebral vasospasm; DCI,
delayed cerebral ischemia; ELISA, enzyme-linked immuno-
sorbent assay; EBI, early brain injury; ECL, enhanced chemi-
luminescence; IL-6, Interleukin-6; mRS, Modified Rankin
Scale; sEVs, small extracellular vesicles; ROC, receiver oper-
ating characteristic; SD, standard deviation; SDS-PAGE,
sodium dodecyl sulfate-polyacrylamide gels; TEM, transmis-
sion electron microscopy; WENS, World Federation Of
Neurosurgical Societies.
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