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Abstract The present study investigated the correlation be-
tween interleukin-6 (IL-6) and tumor necrosis factor alpha
(TNF-«) levels in cerebrospinal fluid (CSF) and subarachnoid
hemorrhage (SAH) progression. A meta-analysis was further
conducted from pooled data to analyze the clinical value of IL-
6 and TNF-« in SAH diagnosis. In our case-control study, a
total of 57 SAH patients were assigned to two groups, CVS
group (n=27) and non-CVS group (n=30), based on the pres-
ence of cerebral vasospasm (CVS). In addition, 65 healthy
subjects were enrolled as controls. IL-6 and TNF-« levels in
CSF were measured in all the study subjects by enzyme-
linked immunosorbent assay (ELISA). For meta-analysis, an
exhaustive literature search was conducted to identify relevant
published articles and strict inclusion and exclusion criteria
were applied to select studies for the present meta-analysis.
Data extracted from these studies was analyzed using STATA
12.0 software. IL-6 and TNF-o levels in CSF of SAH patients
were markedly higher than those of healthy controls (all
P<0.001). Further, CVS patients showed elevated IL-6 and
TNF-« levels in CSF compared to non-CVS patients (all
P<0.001). The increase in IL-6 and TNF-« levels in CSF
correlated with the increasing disease severity, based on
Hunt-Hess grade, in SAH patients (all P<0.05). Our meta-
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analysis also confirmed that IL-6 and TNF-o CSF levels were
markedly higher in SAH patients compared to healthy con-
trols (all P<0.001). Ethnicity-stratified analysis showed that
both IL-6 and TNF-« CSF levels were elevated in Asian SAH
patients, compared to their healthy counterparts (all P<0.05).
The TNF-o CSF levels were significantly higher in Caucasian
SAH patients (P<0.001), but the IL-6 CSF levels showed no
such differences compared to the healthy controls (P=0.219).
Subgroup analysis based on the presence of CVS showed that
both IL-6 and TNF-x CSF levels were markedly higher in
CVS patients than those in non-CVS patients (all P<0.05).
Our results provide strong evidence that IL-6 and TNF-&
CSF levels are elevated in SAH patients and may participate
in SAH development. Thus, these two cytokines could be
important biomarkers for early diagnosis and disease monitor-
ing in SAH patients.

Keywords Cerebrospinal fluid - Subarachnoid hemorrhage -
Cerebral vasospasm - IL-6 - TNF-« - Case-control study -
Correlation - Meta-analysis

Introduction

Subarachnoid hemorrhage (SAH) is an acute cerebrovascular
event and a fatal neurosurgical emergency that can have dev-
astating effects on the central nervous system and profound
impact on the vital functions of several other organs [1]. SAH
is a major cause of morbidity and mortality worldwide and
accounts for 25 % of stroke-related mortalities. Overall, SAH
represents 5 % of all stroke cases and affects up to 30,000
individuals each year in North America [2, 3]. Cerebral vaso-
spasm (CVS) is the morphological narrowing of cerebral ar-
teries and is a frequent complication associated with
aneurismal SAH, causing significant morbidity and mortality
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[4]. The onset and etiology of CVS are difficult to establish,
and SAH patients frequently display delayed onset of CVS,
resulting in delayed cerebral ischemia (DCI) [5]. Although the
exact pathophysiology of SAH has remained elusive, previous
studies provide a clue that infiltration of red blood cells into
subarachnoid space and cerebral cisterns, accompanied by
their subsequent lysis, produces pronounced immune re-
sponses mediated by proinflammatory cytokines [6]. Current-
ly, there are no validated biomarkers for diagnosis or monitor-
ing of preclinical vasospasms, but two prominent areas of
investigation for novel biomarker discovery include neuroim-
aging and biochemical markers in body fluids, such as serum/
plasma and cerebrospinal fluid (CSF) [7]. Elevated inflamma-
tory responses mediated by increased cytokine release in CSF
and plasma correlate with adverse clinical outcomes in SAH
patients [8, 9]. The levels of cytokines and cytokine receptors
increase significantly in CSF following SAH, but a precise
relationship between SAH progression and the inflammatory
markers in CSF remains unclear [10].

A variety of factors influence cytokine levels in body
fluids. For example, dynamic exercise causes a transient
increase in serum concentration of various immunomod-
ulatory proteins, including proinflammatory cytokines
interleukin-6 (IL-6) and tumor necrosis factor alpha
(TNF-o) [11, 12]. IL-6 is a cytokine prominently in-
volved in inflammation and host response to infections
and also plays a significant role in the regulation of
metabolism, tissue regeneration, and neural development
[13]. On the other hand, TNF-x was first described by
Carswell et al. in 1975 as a serum protein component
that was capable of inducing cell death in cancer cell
lines in vitro and completely eliminating transplanted
sarcomas in vivo in a mouse xenograft model [14,
15]. TNF-« is a critical cytokine involved in initiating
inflammatory responses and may play a central role in
generation of oxidative stress and apoptosis of endothe-
lial cells, widely observed in SAH [6]. In clinical stud-
ies, ongoing inflammation is detected by measuring the
levels of inflammatory markers in plasma or in the CSF
[7, 10, 16]. Increased IL-6 level in CSF is linked to the
higher incidence of CVS and is associated with worse
patient outcomes [17]. SAH severity, according to the
Hunt-Hess grade, correlates with increasing levels of
inflammatory cytokines, especially TNF-«, and the
levels of inflammatory cytokines are associated with
correspondingly poorer outcomes in SAH patients [18].
Nevertheless, multiple previous studies attempting to
correlate IL-6 and TNF- « levels in CSF with SAH
outcomes reported conflicting results [19-21]. In this
report, IL-6 and TNF-o CSF levels were examined in
a case-control study involving carefully selected SAH
patients. In addition, a meta-analysis was performed to
verify the results of our case-control study and further
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analyze the pooled data on IL-6 and TNF-« levels in
CSF of SAH patients.

Materials and Methods
Ethics Statement

This study was approved by the Institutional Review Board of
the First Hospital of Jilin University. All participants were
enrolled in this study after signing written informed consents.
All the study procedures were in accordance with the Decla-
ration of Helsinki [22].

Study Participants

Between September 2010 and August 2014, a total of 57 SAH
patients (33 males and 24 females; mean age 57.9+9.5 years,
range 30 to 75 years; average body mass index [BMI] 19.6+
2.7 kg/em?) were recruited at the Department of Neurosur-
gery, the First Hospital of Jilin University. SAH diagnosis
was confirmed by cranial computed tomography (CT) scan,
and all patients were diagnosed as intracranial aneurysm based
on computed tomography angiography (CTA) or magnetic
resonance angiography (MRA), with intra-arterial digital sub-
traction angiography (DSA). Patients were excluded if they
had the following diseases: infections, heart diseases, autoim-
mune diseases, malignant tumors, and hematonosis. Patients
receiving drugs or treatments that affect immune functions
were also excluded. The disease severity in SAH patients
was assessed at admission using Hunt-Hess grade, neurolog-
ical examination, and the onset of headache [23]. Of the 57
SAH patients, 10 patients were classified as neurological
grade I, 25 as neurological grade II, 14 as neurological grade
II1, and 8 as neurological grade IV or V. Based on the presence
of CVS, SAH patients were divided into two groups: CVS
group (n=27) and non-CVS group (n=30). The diagnostic
criteria for CVS were as follows: (1) symptom fluctuation or
disease aggravation after treatment; (2) drowsiness or patient
became progressively confused and entered into coma; (3)
presence of focal signs; (4) increased intracranial pressure;
(5) patients were confirmed as mild CVS (120~140 cm/s),
moderate CVS (141~200 cm/s), and severe CVS
(141~200 cm/s) based on the middle cerebral artery (MCA)
blood flow measured by transcranial Doppler (TCD) ultraso-
nography, and the flow velocity ratio for MCA and internal
carotid artery (ICA) was more than 3; and (6) rebleeding after
SAH [24]. In addition, 65 healthy controls (35 males and 30
females; mean age 59.2+10.6 years, range 32 to 73 years;
average BMI 20.5+3.1 kg/cm?), without any history of ste-
roids and immunosuppressive drugs, were enrolled as healthy
group at the same medical center. Importantly, no significant
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differences in age, gender, and BMI were observed between
the SAH group and healthy controls.

Sample Collection

CSFs (3 mL) from SAH patients and healthy controls were
collected by routine lumbar puncture on the second day of
admission and during the physical examination, respectively.
The collected samples were centrifuged at 800g for 10 min to
remove cells and stored at =70 °C until further analysis. The
levels of IL-6 and TNF-« in the CSF were measured by
enzyme-linked immunosorbent assay (ELISA) using a com-
mercially available ELISA kit (R&D Systems, Minneapolis,
MN) and following all the manufacturers’ instructions.

Statistical Analysis

All statistical analyses were performed using STATA version
12.0 software (Stata Corporation, College Station, TX, USA).
Categorical data were expressed as numbers and percentages
and were analyzed by y? test. Continuous variables with nor-
mal distribution were expressed as mean+standard deviation
(SD). The ¢ test was used to measure the differences between
two groups of continuous variables. A P value of <0.05 was
considered as statistically significant.

A comprehensive search was conducted to identify rel-
evant published studies using the databases PubMed
(1966~2015) and Chinese Biomedical Literature Database
(CBM, 1978~2015). The search strategy included medical
subject headings (MESH) terms and keywords as follows:
(“subarachnoid hemorrhage” or “SAH” or “primary sub-
arachnoid hemorrhage” or “acute hemorrhagic cerebrovas-
cular disease”) and (“cerebrospinal fluid” or “CSF”) and
(“interleukin” or “IL”) and (“tumor necrosis factor” or
“TNF”). The cross-references of selected articles were

Fig. 1 Comparison of cranial
computed tomography (CT)
images in SAH patients and
healthy controls. a Cranial CT
image of SAH patients. b Cranial
CT image of healthy controls

manually reviewed to identify other relevant studies. The
standard mean difference (SMD) with 95 % confidence
intervals (95 %CI) was estimated by fixed effects model
or random effects model to evaluate the association be-
tween CSF levels of IL-6 and TNF-« and SAH severity.
Z test was employed to detect the significance of the
pooled effect size [25].

Results
Cranial CT Images in SAH Patients and Healthy Controls

The cranial CT images in SAH patients and healthy controls
are shown in Fig. 1a, b. The cranial CT scan of SAH patients
showed a high-density shadow in sulci and cisterns.

Association of TNF-« and IL-6 Levels in CSF
with Hunt-Hess Grade

Table 1 shows significantly higher IL-6 and TNF-«x levels in
CSF of SAH patients (Hunt-Hess grade I~V) compared to
healthy controls (all P<0.05). Further, Hunt-Hess grade II
SAH patients showed higher IL-6 and TNF-«x levels in CSF
compared to Hunt-Hess grade I patients (IL-6: t=2.32, P=
0.026; TNF-o: t=2.81, P=0.008). The CSF levels of both
IL-6 and TNF-x were elevated in Hunt-Hess grade 111 SAH
patients compared to Hunt-Hess grade II SAH patients (IL-6:
t=2.39, P=0.022; TNF-«&: t=2.16, P=0.037). In addition,
Hunt-Hess grade IV~V SAH patients also showed higher
CSF levels of IL-6 and TNF-« than Hunt-Hess grade III
SAH patients (IL-6: t=2.10, P=0.048; TNF-o: t=2.09, P=
0.049).
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Table 1  ELISA results for IL-6 and TNF-o cerebrospinal fluid levels
in subarachnoid hemorrhage (SAH) patients and control patients
Groups Number CSF (pg/mL)
IL-6 TNF-oc
Healthy controls 65 13.05+4.16 12.47+2.15
SAH patients
Hunt-Hess I 10 298.30+19.69* 39.33+5.96*
Hunt-Hess II 25 309.78+20.25* 45.71+6.12*
Hunt-Hess III 14 326.91+23.48* 49.24+6.58*
Hunt-Hess IV~V 8 341.68+26.14* 54.57+8.42%

ELISA enzyme-linked immunosorbent assay, SAH subarachnoid hemor-
rhage, CSF cerebrospinal fluid

*Compare with healthy control, P<0.05

IL-6 and TNF-x CSF Levels in SAH Patients and Healthy
Controls

The mean IL-6 levels in CSF of SAH patients and healthy
controls were 325.31425.68 and 13.05+4.16 pg/mL, respec-
tively, revealing significant differences between the two
groups (1=96.65, P<0.001) (Fig. 2a). Additionally, mean
TNF-« levels in CSF of SAH patients and healthy controls
were 49.68+7.02 and 12.47+2.15 pg/mL, respectively, show-
ing that TNF-« levels in CSF of SAH patients were signifi-
cantly higher than those of the healthy controls (1=40.64,
P<0.001) (Fig. 2b).

IL-6 and TNF-& CSF Levels in CVS Patients
and Non-CVS Patients

Within the SAH patient group, the mean IL-6 and TNF-«
levels in CSF of CVS patients were 362.56+30.14 and
56.12+8.15 pg/mL, respectively. On the other hand, mean
IL-6 and TNF-«x levels in CSF of non-CVS patients were
291.79+21.67 and 43.88+6.01 pg/mL, respectively. The
result showed that IL-6 and TNF-« levels in CSF of CVS
patients were markedly higher than those of non-CVS

Fig. 2 IL-6 and TNF-«x levels in
cerebrospinal fluid (CSF) in SAH
patients and healthy controls. a 400+
IL-6 CSF level of SAH patients
was significantly higher than that
of the healthy controls (P<0.001).
b TNF-« CSF level in SAH
patients was markedly higher than
that in healthy controls (P<0.001)

o

IL-6 levels(p g/mL)
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patients (L-6: t=10.25, P<0.001; TNF-«: t=6.50,
P<0.001) (Fig. 3a, b).

Results of Meta-Analysis

Following an exhaustive literature search and study selection
process, 13 studies finally met our inclusion criteria for the
present meta-analysis [26—38]. Our meta-analysis results
showed that both IL-6 and TNF-«x levels in CSF of SAH
patients were markedly higher than those of the healthy con-
trols (IL-6: SMD=4.63, 95 %CI=2.56~6.70, P<0.001;
TNF-a: SMD=7.78, 95 %CI=4.23~11.32, P<0.001)
(Fig. 4a, b). Ethnicity-stratified analysis further revealed that
both IL-6 and TNF-« levels in CSF of SAH patients were
significantly elevated in Asian SAH patients compared to their
healthy controls (IL-6: SMD=3.32, 95 %CI=1.18~5.46, P=
0.002; TNF-a: SMD=11.34, 95 %CI=6.14~16.53,
P<0.001). In addition, subgroup analysis based on ethnicity
further showed that CSF levels of TNF-« in Caucasian SAH
patients were significantly higher than those in their corre-
sponding healthy controls (TNF-oc: SMD=3.02, 95 %CI=
2.23~3.82, P<0.001), but a similar association was not ob-
served for IL-6 CSF levels and SAH in Caucasians (IL-6:
SMD=10.39, 95 %CI=-6.19~26.97, P=0.219) (Fig. 5a, b).
Subgroup analysis based on the presence of CVS in SAH
patients showed that CSF levels of both IL-6 and TNF-x were
markedly higher in CVS patients than those in non-CVS pa-
tients (IL-6: SMD=2.45, 95 %CI=1.17~3.73, P<0.001;
TNF-o: SMD=0.92, 95 %CI=0.09~1.74, P=0.029)
(Fig. 6a, b).

Discussion

IL-6 and TNF-« are proinflammatory cytokines that regulate
multiple physiological processes [39, 40]. Evidence shows
that IL-6 and TNF-« play an important role in cerebral tissue
injury, but the underlying mechanism is poorly understood [7,
12]. We performed a case-control study and a meta-analysis to
carefully examine the relationship between SAH and CSF
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Fig. 3 The IL-6 and TNF-«
levels in CSF of cerebral 500 1
vasospasm (CVS) patients and
non-CVS patients. a IL-6 CSF
level of CVS patients was
significantly higher than that of
non-CVS patients (P<0.001). b
TNF-o CSF level of CVS patients
was markedly higher than that of
non-CVS patients (P<0.001)

[

IL-6 levels(p g/mL)

levels of IL-6 and TNF-c. In our study, IL-6 CSF level was
sharply increased in SAH patients compared to healthy con-
trols, suggesting that inflammatory responses mediated by IL-
6 may play an important role in SAH progression. Further, our
results showed that CSF levels of IL-6 were higher in Hunt-
Hess grade I-IV SAH patients compared to healthy controls

Fig. 4 Forest plots of the a
comparison of the IL-6 and TNF-

(SAH patients vs Health control)
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and CSF levels of IL-6 increased with the disease grade. Col-
lectively, these results suggested that elevated IL-6 CSF level
may influence SAH progression and may predict poor clinical
outcomes in SAH patients. Approximately, 25 % of SAH
patients require temporary external CSF drainage to treat hy-
drocephalus and this offers a unique opportunity to study the

IL-6 levels(pg/ml)

« levels in CSF between SAH Included study SMD (95% Cl)  Weight%

patients and healthy controls. a .
IL-6 CSF level of SAH patients Mathiesen T (1993) - 2.02 (1.08, 2.97) 12.93
was significantly higher than that Osuka K (1998) | 0.26 (0.42, 0.93) 1311

of the healthy controls. b TNF-« .
CSF level of SAH patients was Fassbender K (2001) . ——— 18.94 (15.30, 22.59) 9.41

markedly higher than that of =
healthy controls Kwon KY (2001) F o 0.31(-0.42, 1.04) 13.08
Zhang ZL (2005) - 3.25 (2.40, 4.10) 13.01
Liu ZW (2012) - 5.67 (4.39, 6.94) 12.65
Liu BG (2012) - 3.80 (2.84, 4.76) 12.93
Jiang JQ (2013) ' . 6.83 (5.81, 7.86) 12.88
Heterogeneity test (/2 = 97.3%, P < 0.001) $ 4.63 (2.56, 6.70) 100.00

Z test (Z = 4.38, P < 0.001) H

T T
-22.6 0 22.6
b TNF-a levels(pg/ml)
SAH patients vs Health control
Included study ( P ) SMD (95% Cl)  Weight%
Fassbender K (2001) E 3.02 (2.23, 3.82) 23.41
Kwon KY (2001) 1.62 (0.78, 2.45) 23.38
Lee JH (2012) 2.04 (0.78, 3.31) 22.99
Jiang JQ (2013) . 6.39 (5.42, 7.36) 23.28
Xie X (2013) E —— 68.18 (56.88, 79.49) 6.94
Heterogeneity test (/2 = 97.8%, P < 0.001) ® 7.78 (4.23, 11.32) 100.00
Z test (Z = 4.30, P < 0.001) .
1 1

-79.5
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Fig. 5 Ethnicity-stratified a IL-6 levels(pg/ml)
analysis for the difference of IL-6 Ethnicity(SAH patients vs Health control)
and TNF-oc CSF levels between Included study SMD (95% Cl)  Weight%
SAH patients and healthy - .
controls. a IL-6 CSF level of SAH Caucasians -
patients was significantly higher Mathiesen T (1993) L 2.02(1.08,2.97) 12.93
than that of healthy controls in Fassbender K (2001) . —_—— 18.94 (15.30, 22.59) 9.41
Asians. b TNF-oc CSF level in Heterogeneity test (12 = 98.7%, P < 0.001) @ 10.39 (-6.19,26.97)  22.34
SAH patients was markedly Ztest(Z =123, P=0219) T
higher than that in healthy ' .
controls in Asians and Caucasians Asians .
Osuka K(1998) = 0.26 (-0.42, 0.93) 13.11
Kwon KY (2001) ; - 0.31(-0.42, 1.04) 13.08
Zhang ZL (2005) »" 3.25 (2.40, 4.10) 13.01
Liu ZW (2012) - 5.67 (4.39, 6.94) 12.65
Liu BG (2012) - 3.80 (2.84, 4.76) 12.93
Jiang JQ (2013) ‘- 6.83 (5.81, 7.86) 12.88
Heterogeneity test (12 = 97.2%, P < 0.001) e 3.32 (1.18, 5.46) 77.66
Z test (Z =3.04, P = 0.002) '
Heterogeneity test (/2 = 97.3%, P < 0.001) e 4.63 (2.56, 6.70) 100.00
Z test (Z =4.38, P < 0.001) :
1 - 1
-27 0 27
TNF-a levels(pg/ml)
Ethnicity(SAH patients vs Health control)
Included study SMD (95% CI)  Weight%
Caucasians
Fassbender K (2001) r 3.02 (2.23, 3.82) 23.41
Z test (Z = 7.45, P < 0.001) ' . 3.02 (2.23, 3.82) 23.41
Asians :
Kwon KY (2001) : 1.62 (0.78, 2.45) 23.38
Lee JH (2012) : 2.04 (0.78, 3.31) 22.99
Jiang JQ (2013) ™ 6.39 (5.42, 7.36) 23.28
Xie X (2013) ; —— 68.18 (56.88, 79.49) 6.94
Heterogeneity test (/2 = 98.4%, P < 0.001) Q 11.34 (6.14, 16.53) 76.59
Z test (Z =4.28, P < 0.001) :
Heterogeneity test (/2 = 97.8%, P < 0.001) é 7.78 (4.23, 11.32) 100.00
Z test (Z = 4.30, P < 0.001) .
1 1
-79.5 0 79.5

changes in brain physiology and pharmacology in patients by
using these CSF samples [9]. Previous studies showed that IL-
6 concentrations are elevated in CSF of patients following
SAH and in patients with poor Glasgow Outcome Scale
(GOS), compared to patients with moderate or good GOS,
indicating that higher IL-6 levels in CSF correlate with worse
clinical outcomes [9, 41]. Data also suggests that when the
possibility of infection is eliminated by thorough examination,
IL-6 may be a valuable early diagnostic indicator in SAH
patients [10]. A potential mechanism for the chronic CSF
obstruction due to increased IL-6 levels could be microgliosis
and scar formation within CSF. Consistent with this, a
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previous study reported that increased IL-6 levels in CSF sig-
nificantly elevated the number of glial fibrillary acidic protein
(GFAP)-immunoreactive astrocytes and ionized calcium-
binding adaptor molecule-1 (Iba-1)-reactive microglia, caus-
ing a massive reactive gliosis, which resulted in widespread
cerebral hypertrophy [42, 43]. Astrocytosis and microgliosis,
along with the increased expressions of GFAP and Iba-1, play
key roles in the development of neonatal and acquired com-
municating hydrocephalus [44]. Importantly, an increase in
IL-6 levels in both peripheral and central circulation is asso-
ciated with pronounced inflammation response in SAH pa-
tients [9].
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Fig. 6 Forest plots of the

IL-6 levels(pg/ml)

comparison of the IL-6 and TNF- a (CVS vs NON-CVS)
o CSF levels between cerebral Included study SMD (95% Cl)  Weight%
vasospasm (CVS) patients and
non-CVS patients. a [IL-6 CSF Hendryk S (2004) 1.51 (0.34, 2.68) 15.27
level of CVS patients was
significantly higher than that of Zhang ZL (2005) —— 28.49 (21.23, 35.75) 2.63
non-CVS patients. b TNF- CSF
. Schoch B (2007 0.70 (0.14, 1.25 16.94
level of CVS patients was choch B ( ) ¢ )
markedly higher than that of non- Ni W (2011) 1.61(0.94, 2.29) 16.70
CVS patients
Liu ZW (2012) 0.99 (0.23, 1.75) 16.49
Liu BG (2012) 4.72 (3.50, 5.94) 15.10
Jiang JQ (2013) 1.22 (0.62, 1.82) 16.87
Heterogeneity test (/2 = 93.3%, P < 0.001) @ 2.45(1.17, 3.73) 100.00
Ztest (Z =3.76, P < 0.001) H
1 1

-35.8

b

Included study

0 35.8

TNF-a levels(pg/ml)
(CVS vs NON-CVS)
SMD (95% CI) Weight%

Liu BG (2012) | I 0.49 (-0.15, 1.13) 49.30
Jiang JQ (2013) —_————— 1.33(0.73, 1.94) 50.70
Heterogeneity test (/2 = 71.5%, P = 0.061) @ 0.92(0.09, 1.74) 100.00
Ztest (Z=2.18, P=0.029) !
1 1
-1.94 0 1.94

Our findings also revealed that TNF-« levels in CSF of
SAH patients were higher than those of healthy controls and
TNF-oc CSF levels increased with disease severity, suggesting
that elevated TNF-« level in CSF may be associated with
SAH progression. SAH is a common occurrence in accidents
that cause cerebrovascular injuries, and inflammation rapidly
occurs in subarachnoid space following SAH [45]. TNF-« is a
key cytokine in the inflammatory cascade and plays an impor-
tant role in the host defense against infections [46]. TNF-
level also correlates with delayed complications of SAH such
as DCI [6]. Current theories behind the evolution of DCI in-
volve impaired fibrinolytic activity, activation of inflammato-
ry cascade, and endothelial dysfunction leading to
microthrombi formation, all of which involve TNF- activity
[6]. TNF-« stimulates the expression of intercellular adhesion
molecule-1 (ICAM-1) in arachnoid cells and lymphocyte
function-associated antigen-1 (LFA-1) in T lymphocytes, re-
spectively [45]. The result suggests that arachnoid cells assist
T lymphocyte invasion into the subarachnoid space following
SAH and this physiological response is sensitive to TNF-o
levels. Chou et al. demonstrated that elevated TNF-« level
following SAH is linked to poor long-term outcome, after

accounting for the Hunt-Hess grade, suggesting that TNF-&
may hold significant promise as a clinical biomarker to predict
SAH outcome [18]. Our findings are consistent with previous
studies. We show that elevated IL-6 and TNF- CSF levels
are associated with SAH development and correlate with
Hunt-Hess grade. In addition, we conducted a meta-analysis
and found that IL-6 and TNF-o« CSF levels in SAH patients
were higher than those in healthy controls, confirming that
higher IL-6 and TNF-a CSF levels are intimately associated
with SAH development and progression.

Further, our case-control study and accompanying meta-
analysis results also confirmed that SAH patients with CVS
exhibited sharply elevated IL-6 and TNF-« levels in CSF,
compared to non-CVS patients. CVS is the most common
cause of acute focal cerebral ischemia following SAH and is
defined as development of new focal neurologic deficits in
SAH patients, which occurs in approximately one third of
SAH patients [7, 47]. TNF-o activity correlates with oxidative
stress, cell death, and recruitment of other inflammatory me-
diators [48]. TNF-« levels increase within 2—-3 days following
SAH, and elevated TNF-« levels correlate with poor 3- and 6-
month outcomes in SAH patients, potentially leading to CVS
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in many cases [49]. It is also known that patients with CVS
exhibit higher IL-6 CSF levels on days 4 and 5 following
SAH; thus, elevated IL-6 levels in CSF could be a potential
early biomarker for CVS [50]. Taken together, these results
indicated that both TNF-« and IL-6 play important roles in the
development of CVS following SAH and could be developed
as reliable biomarkers for early detection.

Subgroup analyses based on ethnicity were conducted to
explore factors influencing our meta-analysis results. The
ethnicity-stratified analysis showed that TNF-«x level in CSF
of SAH patients was markedly higher than that of healthy
controls in Asians and Caucasians. On the other hand, IL-6
level in CSF was elevated in SAH patients, compared to
healthy controls, only in Asians, but such an association was
not observed in Caucasians. These differences in ethnic
groups could be attributed to geographical, environmental,
and genetic factors.

Limitations of this study should be noted while interpreting
our results. First, lack of access to original data of the studies
selected for meta-analysis limited our further assessment of
potential interactions. Second, the meta-analysis included 13
studies that were performed in Caucasians and Asians, with
other ethnicities not represented in the studies, which may
result in selection bias and limit the universal applicability of
the results. Further, 4 out of 5 selected studies in Asian SAH
patients were from China, with only one study from Korea.
Thus, the findings in Asian population may not be applicable
to all Asians and further studies are required on the associa-
tions of IL-6 and TNF-« CSF levels with SAH in Asian pop-
ulation from different geographical locations. Moreover, stud-
ies published in language other than English and Chinese were
not included in our meta-analysis.

In conclusion, our findings strongly suggest that both IL-6
and TNF-« levels in CSF are associated with SAH and may
directly be involved in the development and progression of
SAH. Therefore, the two cytokines could be important bio-
markers of early diagnosis and disease monitoring in SAH
patients.
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