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The neutrophil-to-lymphocyte ratio (NLR), as an essential systemic inflammation factor,
has been widely used as a prognostic indicator in various diseases, such as malignant
tumors, cardiovascular disease, and intracranial hemorrhage. An increasing number
of studies have believed that NLR is a valuable predictor of prognosis for patients
with aneurysmal subarachnoid hemorrhage (aSAH). However, these results remain
controversial. In the current study, we planned to carry out a systematic review and
meta-analysis to investigate the association between NLR and poor outcome, and the
occurrence of delayed cerebral ischemia (DCI). We carried out a comprehensive search
for published literatures on PubMed, EMBASE, Cochrane Library, and Web of Science
databases from inception to April 1, 2021. We conducted an assessment of all included
studies based on the principles proposed in the Newcastle-Ottawa Quality Assessment
Scale (NOS). Poor outcome and the occurrence of DCI were considered as the main
outcome measure. We calculated the pooled odds ratio (OR) and corresponding 95%
confidence interval (Cl) to examine the strength of the association of NLR with poor
outcome or the occurrence of DCI. We strictly selected a total of 10 studies comprising
4,989 patients. Nine studies reported the association between NLR and poor outcome,
and five studies reported the association between NLR and the occurrence of DCI.
The pooled results indicated higher NLR was significantly associated with both poorer
outcomes (OR = 1.32, 95%CI 1.11-1.57; P = 0.002, > = 87%), and the occurrence
of DCI (OR = 1.72, 95%CI 1.22-2.41; P = 0.002, > = 82%) in aSAH patients. The
NLR is a valuable indicator of inflammation to independently predict poor outcome and
occurrence of DCI after aSAH, where a higher NLR is significantly associated with poor
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outcomes and occurrence of DCI. These findings suggest that the NLR can help clinicians
evaluate the prognosis and identify potentially severe patients early, which may contribute
to better management and improve poor prognosis of aSAH patients.

Keywords: neutrophil-to-lymphocyte ratio, aneurysmal subarachnoid hemorrhage, prognostic value, poor
functional outcome, delayed cerebral ischemia

INTRODUCTION

Aneurysmal subarachnoid hemorrhage (aSAH), results from a
ruptured intracranial aneurysm, is a serious and life-threatening
stroke subtype that can cause damage to the brain and it results in
many neurologic disorders, with high mortality and morbidity, as
well as severe burdens on the healthcare system (1-3). Despite the
mortality of acute subarachnoid hemorrhage (SAH) has gradually
dropped from over 50% to ~35% in recent years due to the
advances in modern surgical and medical management, SAH
remains a significant threat (1, 4).

Early brain injury, cerebral vasospasm or subsequent delayed
cerebral ischemia (DCI) are common complications after SAH,
which leads to poor neurological outcomes of SAH patients
(5, 6). Although the pathogenesis of DCI after aSAH is not
completely understood, DCI induced by cerebral vasospasm
(CV) after aSAH is considered as a major factor associated with
poor functional outcomes and death (7, 8).

There is growing evidence that systemic inflammatory
reactions normally occur in the early stage of aSAH, cause
damage to the hemorrhagic brain, and influence patients’
prognosis (9, 10). Despite the exact mechanism still remains
unclear so far, it is well-known that inflammation response plays
a critical role in the progression of aSAH by initiating early
brain damage, rebleeding, vasospasm, and subsequent DCI (10-
12). Simple, quick and sensitive biomarkers are invaluable to
aSAH therapy than most biomarkers that require complicated
cerebrospinal fluid sample collection and laboratory tests (13).

The neutrophil-to-lymphocyte ratio (NLR), as a ratio of the
absolute neutrophil count and absolute lymphocyte count in
the peripheral blood, is a simple, readily accessible, inexpensive
marker of systemic inflammation (14). Over the past decade,
NLR has been demonstrated to be a prognostic biomarker for
cardiovascular diseases, cancers, ischemic stroke, infectious and
inflammatory diseases (9, 15-17). There has been a recent surge
in research investigating the prognostic value of high NLR
in prognosis of patients with aSAH. However, the association
between NLR and clinical prognosis remains controversial.
In the current study, we therefore systematically reviewed
and performed a meta-analysis to quantitatively analyze the
existing evidence and evaluate the prognostic value of NLR in
aSAH patients.

MATERIALS AND METHODS

We finished the meta-analysis following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA
statement) guidelines (18). The result of PRISMA checklist was
showed in Supplementary Data Sheet 1.

Search Strategy

We carried out a comprehensive search for published literatures
on PubMed, EMBASE, Cochrane Library, and Web of Science
databases from inception to April 1, 2021. The search keywords
used for each database were as follows: (“subarachnoid
hemorrhage” OR “SAH” OR “ruptured Brain aneurysm”
OR “ruptured cerebral aneurysm” OR “ruptured intracranial
aneurysm”) AND (“neutrophil-to-lymphocyte ratio” OR
“neutrophil lymphocyte ratio” OR “neutrophil to lymphocyte
ratio” OR “neutrophil/Lymphocyte ratio” OR “NLR”). The free
terms are presented in Supplementary Data Sheet 2.

Inclusion and Exclusion Criteria

The articles were required to satisfy the following inclusion
criteria: (1) included adult patients (>18 years of age) diagnosed
with aSAH; (2) studies showing an association between NLR
and aSAH; and (3) the odds ratio (OR) and 95% confidence
interval (CI) for efficacy outcome were provided from the
multivariate analysis.

Articles were excluded if they met the following criteria: (1)
not written in English; (2) non-human subjects; (3) patients
not diagnosed as with aSAH; (4) subjects not excluded for
infection, cancer, severe kidney or liver disease, history of auto-
immune or hematologic disorder; (5) studies only providing
data from unadjusted univariate analysis; and (6) incomplete or
deficient data.

Outcome Measure
For the analyses, the two main outcome measures were poor
function outcomes and the occurrence of DCI.

Poor function outcome was defined as GOS score 1 to 3 or
mRS score 3 to 6 at the end of follow-up.

DCI was defined as the development of focal clinical
deterioration (such as hemiparesis, aphasia, apraxia, or neglect),
or a drop of at least 2 points on Glasgow Coma Scale, which
was not obvious immediately after aneurysm surgery and cannot
be attributed to other causes by means of clinical assessment,
imaging, and appropriate laboratory studies.

Study Selection, Data Extraction, and

Quality Assessment

The two authors (MS and CY) independently searched and
identified the relevant literary works according to eligibility
criteria. The following data were extracted by using pre-defined
checklist: first author, publication year, country, study design,
number of patients, sex ratio and median age of patients,
research method, sample time, optimal cut-off value of NLR, and
follow-up period. Any disagreements were resolved through a
discussion among the researchers or obtaining an opinion from
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FIGURE 1 | Flow diagram of the study selection process.
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TABLE 1 | Baseline characteristics of the included studies.

References Design Country Duration Number Mean age Sex (M/F) Sample time Outcome Follow up Cut-off value
measure
Yun et al. (10) R Korea  2012-2021 680 56.9 + 13.42 216/464 Admission Poor outcome* 3 months 4.0
55.2 + 12.4°
Zhangetal. (20) R China  2013-2016 532 54.0 £10.5 98/221 Admission Poor outcome*  3-6 months 4.0
/DCI*
Chen and Zhang R China  2015-2019 262 58 (49-65)7 100/162 Admission Poor outcome* 3 months NR
(21) 63 (54-69)°
Xiang (28) R China  2016-2018 235 58.10 £9.97 93/142 NR Poor outcome* 3 months NR
Yietal. (22) R Korea  2012-2020 498 56.9 + 13.42 162/336 Admission Poor outcome* 3 months 5.7
65.2 £ 15.7° /DCI*
Zhang et al. (23) R China  2015-2017 178 57.64 +£10.23 62/116 Admission Poor outcome* 3 months NR
Giede-Jeppe et al. R German 2008-2012 319 51 (43-59) 98/221 Admission Poor outcome* 12 months 7.05
(24) 57 (49-70)°
Wu et al. (25) R China 2015, 1-12 122 55.3 +£10.6 48/74 Admission DCI* Discharge 11.47
Al-Mufti et al. (26) P USA 2006-2015 1,067 >53y (65%) 336/731 Within 24 h Poor outcome* 3 months 5.9
/DCI*
Tao et al. (27) P China  2014-2015 247 559+ 11.9 88/159 Admission Poor outcome* 3 months 14.0
/DCI*

aAge for good outcome patients.
bAge for poor outcome patients.
*Variables are calculated by multivariable analysis.

M, male; F, female; R, retrospective; P, prospective; NR, not reported; DCI, delayed cerebral ischemia.

a third reviewer. When we encountered important data loss, we
attempted to contact the original author to retrieve the data.

We used the Newcastle-Ottawa scale (NOS) to evaluate
the quality of the included studies including the following
domains: selection, comparability, and outcome of interest (19).
Any disagreement encountered in the process was resolved
by discussion or with the third reviewer. The total score
ranged from 0 to 9 with higher scores indicating higher
quality; studies with scores > 6 were regarded as high quality
(Supplementary Table 1).

Statistical Analysis

We finished the data analysis using the Review Manager
(RevMan) software (version 5.4.1, Copenhagen: The Nordic
Cochrane Center, Cochrane Collaboration). Extracted odds ratio
(OR) and corresponding 95% confidence interval (CI) were
pooled and weighted using a generic inverse-variance method
to evaluate the strength of the association of NLR with poor
outcome or the occurrence of DCI. Heterogeneity among the
studies was evaluated by using the I? statistic and Cochrane Q-
statistic test. When I? > 50% or P < 0.10 indicated the presence
of heterogeneity, we chose the random-effect model, and the
fixed-effect model was chosen if I < 50% or P > 0.10. We
also carried out subgroup and sensitivity analyses to identify
and minimize heterogeneity. Publication bias was evaluated by
visually inspecting funnel plots.

RESULTS
Study Selection

We systematically searched total 175 studies in the initial
literature search. After the exclusion of duplicates, 108 studies

remained. By screening the titles and abstracts, 65 studies were
removed and only 43 studies were left. Thirty-two studies were
excluded according to full-text analysis. Finally, we included a
total of 10 studies in the current study. Figure 1 shows the flow
diagram of the study screening process.

Study Characteristics

The characteristics of the included studies are summarized in
Table 1. We included 10 studies consisting of 4,140 patients
in this meta-analysis (10, 20-28). Nine studies investigated
the association between NLR and poor functional outcome
(10, 20-24, 26-28), and six studies investigated the association
between NLR and DCI (20, 22, 25-27). Most of the studies
were retrospective observational studies, and only three studies
were prospective studies. Eight studies were conducted in
Asia (six of them were China, while two of them were
Korea), two in USA, and one in Germany. The number
of patients varied from 178 to 1,067. Among the studies
included, most studies collected blood samples on admission.
The follow-up period was mostly 3 months. The cut-off
values of NLR varied from 4.0 to 14.0, except for three
studies that did not report the cut-off value. All of the
included studies received a NOS score > 6, which represented
high quality.

Association Between NLR and Poor

Functional Outcome

Nine studies involving 4,018 participants investigated the
association between NLR and poor functional outcome in
patients of aSAH. The pooled OR indicated that a higher NLR
was significantly associated with poor functional outcome at
the end up of follow up (OR = 1.32, 95%CI 1.11-1.57; P =
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Odds Ratio Odds Ratio
Study or Subgroup __log[Odds Ratio] SE Weight IV, Random, 95% ClI IV, Random, 95% ClI
Al-Mufti 2019 0.3365 0.1717 11.0% 1.40 [1.00, 1.96] ™
Chen 2020 0.0592 0.1756 10.8% 1.06 [0.75, 1.50] T
Jeppe 2019 0.0139 0.0066 18.5% 1.01[1.00, 1.03] ’
Tao 2017 0.6366 0.1112 14.4% 1.89[1.52, 2.35] -
Xiang 2020 0.1222 0.0473 17.6% 1.13[1.03, 1.24] =
Yi 2020 0.6523 0.1539 11.9% 1.92[1.42, 2.60] i
Yun 2021 0.5481 0.3278 5.3% 1.73[0.91, 3.29] T
Zhang 2020 -0.1439 0.2298 8.3% 0.87 [0.55, 1.36] B
Zhang 2021 1.1909 0.5731 2.1% 3.29[1.07,10.12]
Total (95% CI) 100.0% 1.32 [1.11, 1.57] ’

Heterogeneity: Tau? = 0.04; Chi? = 63.88, df = 8 (P < 0.00001); I> = 87%

0.01 0.1

10

e _ 1 100

Test for overall effect: Z = 3.14 (P = 0.002) Favours [experimental] Favours [control]
FIGURE 2 | Meta-analysis of the association between NLR and poor outcome.
Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% ClI 1V, Random, 95% ClI
Al-Mufti 2019 0.5306 0.2221 19.2% 1.70 [1.10, 2.63] =
Tao 2017 0.7793 0.1874 21.1% 2.18 [1.51, 3.15] -
Wu 2019 0.1484 0.0508 27.3% 1.16 [1.05, 1.28] -
Yi 2020 0.6098 0.1542 22.9% 1.84 [1.36, 2.49] i
Zhang 2021 1.0116 0.4583 9.5% 2.75[1.12,6.75] -
Total (95% CI) 100.0% 1.72 [1.22, 2.41] <&
Heterogeneity: Tau? = 0.11; Chi? = 21.78, df = 4 (P = 0.0002); I = 82% ’0 o 0‘ ” q 1‘0 ” oo’

Test for overall effect: Z = 3.13 (P = 0.002)

FIGURE 3 | Meta-analysis of the association between NLR and the occurrence of DCI.

Favours [experimental] Favours [control]

0.002), with significant heterogeneity (I*> = 87%, P < 0.00001)
(Figure 2).

Association Between NLR and the
Occurrence of DCI
Six studies involving 2,466 participants investigated the

association between NLR and the occurrence of DCI in
patients of aSAH. The pooled OR indicated that a high

NLR was significantly associated with the occurrence
of DCI (OR = 1.72, 95%CI 1.22-2.41; P = 0.002),
with significant heterogeneity (I> = 82%, P = 0.0002)
(Figure 3).

Subgroup Analysis of Poor Outcome

We performed a series of subgroup analyses based on study
design, ethnicity, pre-defined sample size (size > 400 and size
< 400) and NLR cutoff value to investigate other factors that
could affect poor functional outcomes of NLR in aSAH patients
(Table 2). In the subgroup analysis according to study design,
higher NLR was significantly associated with poor outcome in
the retrospective study (OR = 1.19, 95%CI 1.02-1.40; P =

0.03) and prospective group (OR = 1.67, 95%CI 1.25-2.23;
P = 0.0005). The same analysis conducted on the basis of
ethnicity showed that high NLR was significantly associated
with poor outcome in Asian (OR = 1.42, 95%CI 1.08-1.87;
P = 0.01), but not non-Asian samples (OR = 1.14, 95%CI
0.84-1.54; P = 0.40). According to sample size, high NLR was
significantly associated with poor outcomes in large sample sizes
(OR = 1.72, 95%CI 1.37-2.14; P < 0.00001); however, high
NLR was not associated with poor outcomes in small sample
sizes (OR = 1.17, 95%CI 0.84-1.54; P = 0.40). According to
different NLR cutoff value, high NLR was significantly associated
with poor outcomes in lower NLR cutoff value subgroup (OR
= 1.72, 95%CI 1.37-2.14; P < 0.00001), with no significant
heterogeneity (I*> = 7%, P = 0.36); however, high NLR was
not associated with poor outcomes in higher NLR cutoff value
subgroup (OR = 1.37, 95%CI 0.74-2.52; P = 0.31), with
significant heterogeneity (I> = 97%, P < 0.00001). In our
subgroup analysis, no significant heterogeneity was observed in
the lower NLR cutoff value subgroup (I = 7%, P = 0.36). It
suggests that NLR cutoff value may be the potential sources
of heterogeneity.
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TABLE 2 | Subgroup analysis of the association of NLR with poor outcome and DCI.

Subgroup No. of studies ? P-value Model OR (95%Cl) P-value
NLR and poor outcome

Total 9 87% <0.00001 Random 1.32 (1.11-1.57) 0.002
Ethnicity

Asian 7 82% <0.00001 Random 1.42 (1.08-1.87) 0.01
Non-Asian 2 72% 0.06 Random 1.14 (0.84-1.54) 0.40
Sample size

>400 4 7% 0.36 Random 1.72 (1.37-2.14) <0.00001
<400 5 89% <0.00001 Random 1.17 (0.98-1.40) 0.08
Study design

Retrospective 7 80% <0.0001 Random 1.19 (1.02-1.40) 0.03
Prospective 2 54% 0.14 Random 1.67 (1.25-2.23) 0.0005
Cut-off value

<6.8 4 7% 0.36 Random 1.72 (1.37-2.14) <0.00001
>6.8 2 97% <0.00001 Random 1.37 (0.74-2.52) 0.31
NLR and DCI

Total 5 82% 0.0002 Random 1.72 (1.22-2.41) 0.002
Ethnicity

Asian 4 85% 0.0002 Random 1.74 (1.16-2.61) 0.008
Non-Asian 1 - - Random 1.70 (1.10-2.63) 0.02
Sample size

>400 3 0% 0.64 Random 1.85 (1.46-2.35) <0.00001
<400 2 91% 0.001 Random 1.55 (0.84-2.87) 0.16
Study design

Retrospective 3 82% 0.004 Random 1.569 (1.02-2.48) 0.04
Prospective 2 0% <0.00001 Random 1.97 (1.48-2.60) <0.00001

OR, odds ratio; Cl, confidence interval; NLR, neutrophil-to-lymphocyte ratio; DCI, delayed cerebral ischemia.

Sensitivity Analysis and Publication Bias
We conducted a sensitivity analysis to test for heterogeneity using
the leave-one-out approach. The results of these analyses were
showed in Supplementary Table 2. For the association between
NLR and poor outcome, the results of the sensitivity analysis
were consistent with the overall results, and heterogeneity
was not obviously altered by removing any studies. For the
association between NLR and DCI, one study (Wu et al.)
is the major source of the heterogeneity. Heterogeneity was
substantially decreased after removing this study (I*> = 0,
P = 0.70), but removing this study did not change the
overall pattern of results (OR = 1.94, 95%CI 1.59-2.37;
P < 0.00001).

We produced a funnel plot for the poor outcome to assess
the publication bias, and observed no obvious publication bias
(Figure 4).

DISCUSSION

In this systematic review and meta-analysis, we primarily
evaluated the prognostic value of NLR in the poor functional

outcome and the occurrence of the DCI in aSAH patients.
We included 10 studies consisting of 4,989 patients and
found that nine studies assessed the association of NLR
and poor functional outcome, while five assessed the
association of NLR and the occurrence of DCI. The
pooled results suggested that higher NLR is significantly
associated with poor functional outcomes and the occurrence
of DCL

SAH has been identified as a devastating subtype of
hemorrhagic stroke with high mortality and disability (29).
Despite advancements in the treatment and management
of SAH patients, the prognosis is still extremely poor (30).
It is therefore urgent to develop a valuable prognostic
indicator for evaluation of the prognosis in patients with
aSAH. Although many biomarkers have been reported
as predictors to predict prognosis, most of them are not
applicable for clinical use. Laboratory biomarkers have
attracted considerable attention owing to their practicality
and sensitivity; however, most biomarkers require special
laboratory equipment or complex sample collection of which
may increase additional risk of complications and limit the
application (31).
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FIGURE 4 | Funnel plot of publication bias of NLR with poor outcome.

In recent years, the relationship between inflammatory
response and subarachnoid hemorrhage has been widely
studied. Systemic inflammation is considered an important
pathophysiological mechanism in aSAH. A substantial
number of inflammatory pathways have been shown to be
activated in the disease, although the specific mechanisms
are not fully understood (32). The introduction of blood into
the subarachnoid space leads to a systemic inflammatory
response syndrome that results in increased neutrophils
and decreased lymphocytes, and both correlate with the
severity of the tissue inflammation and hemorrhagic irritation
since they are related to the abrupt release of large amount
of endogenous catecholamines, corticosteroids, or other
cytokines (33).

Studies have suggested that neutrophils can stimulate
and inflammatory responses, while lymphocytes play an
important role in anti-inflammatory and endothelial protective
functions (34). NLR represents the balance between innate

immunity (neutrophil) and adaptive immunity (lymphocyte)
(35). Therefore, elevated NLR indicates worse prognosis in
aSAH patients. NLR is an emerging field of study especially
in aSAH research; however, its utility as a predictor for
functional outcome and DCI remains controversial. Many
studies support the idea that NLR can predict poor outcomes
and the occurrence of DCI; however, some have failed to show
such an association (10, 21, 23), necessitating an objective meta-
analytic approach.

This is the first meta-analysis that focuses on the association
between NLR and poor outcomes and DCI. All of the
included studies were considered high quality and were
adjusted with potential confounding factors. The results
of sensitivity analysis and subgroup analysis by study
design, ethnicity, pre-defined sample size and NLR cutoff
value were generally consistent with the overall analysis.
However, we observed substantial heterogeneity in the
current study. For the poor outcome, subgroup analysis
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based on cut-off value indicated that NLR cutoff value might
be the source of heterogeneity. For DCI, we determined
that Wu’s study was the source of this heterogeneity. After
excluding the study, the overall result did not significantly
change. Therefore, we have reason to believe that our
data are reliable and that the findings can be valuable for
clinical application.

Although NLR was significantly associated with poor function
outcome in our study, we found no significant association
between NLR and functional outcome in non-Asian groups,
small sample sizes and high NLR cutoff value group. Several
reasons may exist for these findings. First, only two studies
were included in the non-Asian group, which can reduce the
statistical power and lead to unreliable results. Second, some
studies observed positive correlations between NLR levels and
ethnicity in healthy populations; it may therefore be the case
that NLR has various predictive abilities for poor functional
outcome across ethnicity (36). Moreover, it is likely that small
sample sizes limit the detection power of significant effects, and
it is necessary for future studies to consider larger sample sizes.
Interestingly, we found a greater magnitude of effect on poor
outcome in lower NLR cutoff value group. It suggested that the
prognostic predictive ability of the NLR might be affected by
cutoff values.

For the patients with aSAH, it is necessary to identify
potentially severe patients early, in order to facilitate transfer to
intensive care and effective time management (37). Currently, the
most commonly used clinical predictive models for identifying
aSAH patients with unfavorable prognoses are mainly the Hunt-
Hess scale and WENS (38). However, these prognostic models
are solely based on clinical information and ignore the predictive
value of biological elements. Our findings address this gap in
the field and guide future research regarding the prognostic
value of NLR. DCI is a major cause of poor outcome and
even death, but the strongest predictors are severity of SAH
as detected by CT scans and poor neurological grades (1, 6).
Our results indicated that patients with high admission NLR
value may have a higher risk of DCI and poor prognosis.
Clinicians should therefore be vigilant about these patients and
treat them the earliest opportunity. While our study assessed
NLR on admission, this measure only represents admission
status, and more studies are needed which combine established
risk factors and prognostic markers to establish a schema for
clinical guidance.

There were also some limitations to this study. First, only
10 studies were eligible for inclusion, and the number of
studies included for individual outcome was smaller. Second,
the majority of included studies were small samples, single
center, and retrospective, which inevitably affected the reliability
of the results. Third, there was significant heterogeneity in
each outcome measure. Fourth, despite adjusting for potential
confounding factors, there are still some potential factors

such as the initial severity of ictus, that we did not assess
but may nevertheless influence the results. In the future, we
need to design more prospective, multicenter, large-sample
clinical trials to investigate the prognostic value of NLR
in aSAH.

CONCLUSION

The NLR 1is a valuable indicator of inflammation to
independently predict poor outcome and occurrence of
DCI after aSAH, where a higher NLR is significantly associated
with poor outcomes and occurrence of DCIL These findings
suggest that the NLR may help clinicians evaluate the prognosis
and identify potentially severe patients early, which may
contribute to better management and improve poor prognosis of
aSAH patients.
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