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Abstract

Objective: Despite advances in the treatment of aneurysmal subarachnoid hemorrhage (aSAH)
one-year mortality remains approximately 50%. Making an accurate prognosis at the early phase of
the disease is notoriously difficult. A clinically reliable biomarker that could be used for better
prediction of prognosis and/or as a surrogate for developing complications after aSAH is still lacking.
In this study, we evaluated the prognostic values of three promising biomarkers, i.e. S100B, NSE,

and MMP-9 in aSAH.

Methods: In this prospective population-based study, S100B, NSE, and MMP-9 levels were
measured in 47 aSAH patients for up to five days. Blood samples were taken at 0, 12 and 24 h after
the admission to the intensive care unit (ICU) and daily after that until the patient was transferred
from the ICU. The patients' neurological outcome was evaluated with the modified Rankin Scale

(mRS) at six months after aSAH.

Results: Biomarker-levels measured during the first 24 hours were not associated with
neurological outcome. S100B levels during the first 24 hours were elevated in patients with a non-
severe initial clinical presentation. Otherwise, there was no association between selected clinical
variables and the early biomarker levels. In 22 patients, whose 1CU follow-up lasted for up to five

days, the total release of biomarkers was not associated with the neurological outcome.

Conclusions: None of the measured biomarkers were associated with the neurological outcome
evaluated at six months after aSAH. Elevated levels of S100B in patients with non-severe initial
presentation suggest an adaptive role of this biomarker in aSAH. Based on our findings it is not

advisable to use these biomarkers to guide clinical decision-making in patients with aSAH.



Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) remains a devastating disease with one-year
mortality approximately 50% [1]. Patients suffering aSAH are on average significantly younger than
those suffering from other types of stroke with an incidence peak around 50 years [2-4]. aSAH causes
significant individual and socioeconomic burden since only one-third of patients gain functional
independence and merely 25% of those report complete recovery without psychosocial or

neurological problems [5].

Making an accurate prognosis at the early phase of the disease is notoriously difficult.
Pathophysiology of the early brain injury and the secondary brain injury processes after the primary
insult are still only partly understood, and timing of the evidence-based therapies is still cumbersome
to determine [6-9]. There is a dire need for a clinically reliable biomarker, which could be used for
better prediction of prognosis and/or as a surrogate for developing complications after aSAH. Despite

extensive research on the topic, a reliable biomarker is still lacking [10-14].

The purpose of this study was to evaluate the prognostic potential, mutual interdependence of
biokinetics and association with selected clinical parameters of S100 calcium-binding protein B
(S100B), neuron-specific enolase (NSE) and matrix metalloproteinase-9 (MMP-9). S100B was
chosen for its’ hypothesized ability to reflect glial injury, NSE as a surrogate for neural injury and

MMP-9 as a surrogate for blood-brain-barrier (BBB) injury.

S100B is produced mainly by glial cells and it has paracrine and autocrine effects on neural tissue,
such as regulating the dynamics of cytoskeleton constituents, protein phosphorylation and cell cycle
progression [15][16]. Numerous studies have associated elevated S100B levels and poor outcome in
TBI [17,18]. However, controversy regarding the prognostic potential of S100B exists. Even 100%
mortality has been reported to associate with high initial SI00B levels [19]. Confusingly, only 20%

mortality was observed with similar cut-off values in another study [20].



NSE is a neuron-specific form of glycolytic enzyme, enolase. It is located in the cytoplasm of a
neuron and seems to contribute to the regulation of chloride concentration during neural activity [21].
It is released passively from neurons when they destruct. Despite the high concentrations of NSE
observed in TBI, it has been difficult to show its value in the quantification of brain injury or to
differentiate between primary and secondary brain injury [17]. There is also contradictory evidence

concerning the prognostic potential of NSE after aSAH [10].

MMP-9 is a member of metzincin family of proteases, which function mainly extracellularly.
MMP-9 seems to have a unique role in brain physiology as well as in pathology [22]. In the central
nervous system, MMP-9 can be released from various cells, e.g., neurons, glia and leukocytes [22].
In SAH MMP-9 has been associated with the breakdown of BBB due to degradation of tight junction
proteins responsible for BBB integrity [12]. Breakage of BBB leads to increased cerebral edema and
activation of neuronal and vascular apoptosis [10]. Both blood and cerebrospinal fluid MMP-9 levels

have been associated with poor outcome after SAH [23].

In the present study, our aim was to evaluate the prognostic potentials and associations with

selected clinical variables of S100, NSE, and MMP-9 after aSAH.



Methods

Study design and patients

Following the approval of the institutional ethics committee, we conducted a prospective,
observational, single-center clinical study in Tampere University Hospital (Tampere, Finland). The
hospital is one of the five tertiary referral centers in Finland serving a population of approximately 1
million inhabitants and, thus, providing care for all patients suffering from aSAH in the area. The
clinical data from this patient cohort has been reported in the previously published study [24]. This

study has been registered to ClinicalTrials.gov (NCT02026596).

The study cohort consisted of 61 consecutive aSAH patients admitted to our center from March
2013 to December 2013. Written informed consent was obtained from each patient or from their next
of kin. The time of the onset of symptoms associated with aSAH was registered from the patient
records. We excluded patients with an unknown time of onset of symptoms as well as patients whose
samples for the S100B, NSE, and MMP-9 assays were not collected within the first 24 h after the
onset of symptoms. In total, 47 patients were considered eligible and were, thus, included in the study.

All patients were treated according to standardized in-house guidelines.
Clinical evaluation of the patients

The severity of the initial clinical presentation was evaluated according to the World Federation
of Neurological Surgeons (WFNS) grading scale. The extent of the primary hemorrhage on the CT
scan was graded with Fisher scale. WFNS was dichotomized into non-severe (WFNS 1-3) and severe
(WENS 4-5). The Fisher grade was dichotomized into non-severe (Fisher 1-2) and severe (Fisher 3-

4).

The neurological outcome was evaluated with the modified Rankin Scale (mRS) six months after

aSAH based on a structured interview performed on the telephone or during an outpatient clinic visit.



MRS was dichotomized into favorable (mRS 0-2) and unfavorable outcome (MRS 3-6). Detailed

categorizations of WENS, Fisher, and mRS are presented in a Supplementary Table.

Acute hydrocephalus was defined as the need for ventriculostomy on a clinical basis during the
first 24 hours. Additionally, we assessed the incidence of infection, which was defined as a need for

antimicrobial medication during the follow-up period.

In a subgroup of 22 patients who had up to five days' follow-up, we also checked if the patient was
treated for delayed cerebral ischemia (DCI). Treatment of DCI was initiated based on clinical

evaluation.

Assessment of biomarkers

Plasma concentrations of S100B, NSE and MMP-9 were measured in the samples collected at 0,
12 and 24 h after the admission, and after that at every 24 h for up to five days or until the patient
was transferred from the ICU. Before the statistical analysis, the S100B, NSE, and MMP-9
measurements were divided into consecutive 24h intervals starting from the onset of symptoms. If
S100B, NSE, and MMP-9 were measured more than once per interval, the mean concentration was

used in the analysis.

Blood samples were collected into EDTA-containing tubes from an arterial cannula that had been
routinely inserted for invasive blood pressure monitoring as well as for blood sampling. After
collection, the sample was immediately delivered to the laboratory where it was centrifuged for 10
min at 2000g (room temperature). After centrifugation, the plasma was collected and kept at

-70°C.

S100B, NSE and MMP-9 concentrations in the plasma samples were measured by ELISA with
reagents from Cloud-Clone Corp, Houston, TX, USA (S100B and NSE), and from R&D Systems

Europe Ltd, Abingdon, UK (MMP-9). The detection limits and inter-assay coefficient of variations



were 0.0156 pg/L and 10.2% for S100B, 0.313 ug/L and 8.4% for NSE, and 0.0078 pg/L and 7.0%

for MMP-9, respectively.
Statistical analysis

Statistical analyses were performed with R (version 3.4.1 for Mac OS X). Mann-Whitney U-test
was used for continuous variables. Linear regression was used for the time interval analysis.
Spearman’s correlation was used to estimate whether S100B, NSE and MMP-9 levels had bilateral
correlations. To approximate the total release of a biomarker, area under the curve was estimated by

trapezoidal method.



Results

The basic characteristics of the study cohort are presented in TABLE 1. These chacteristics have

been previously published by our group [24].

Biomarkers levels during the first 24 hours (DAY 1) after aSAH were not associated with the
severity of initial CT findings, development of acute hydrocephalus or infection during follow-up.
Also, none of the measured biomarkers were associated with patients’ neurological outcome
evaluated at six months after aSAH. Interestingly, elevated S100B levels during DAY 1 were strongly
associated with non-severe initial clinical representation measured with the WFENS scale (FIGURE
1). This was not observed with NSE or MMP-9. Biomarker levels at DAY 1 did not differ between
genders and were not affected by age. Statistics for S100B, NSE, and MMP-9 at DAY 1 are listed in

TABLES 2-4, respectively.

DAY 1 levels of S100B and NSE were not correlated. However, they were significantly correlated
at DAY 2 after which there were significant correlations also at DAY 4 and DAY 5. (TABLE 5).
Table 5 also shows the decline of participants during follow-up. MMP-9 was not associated with

S100B or NSE levels at any timepoint during the five day ICU follow-up, data not shown.

The subgroup of patients whose ICU follow-up lasted for up to five days (n=22) was assessed for
biomarker level changes using linear regression. None of the studied biomarkers showed a
statistically significant change in time when analyzed for the whole subgroup or when subgroup was
further divided based on the severity of clinical presentation, initial CT findings or outcome (TABLE
6). The total release of biomarkers during the five-day ICU follow-up in this subgroup was not
associated with the neurological outcome for any of the biomarkers (TABLE 7). Total release of NSE
was marginally higher in patients without DCI (p = 0.049). Otherwise there were no significant
correlations with DCI and biomarker levels (TABLE 7). Also, in this subgroup at the end of five-day
ICU follow-up (DAY 5) biomarker levels were not associated with the neurological outcome
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(TABLE 8). The chosen treatment method was not associated with the biomarker levels at any
timepoint (TABLE 9). In a subgroup of patients with up to five days ICU follow-up the total release
of biomarkers were calculated with an area under the curve by using the trapezoidal method. Total
release of biomarkers was not associated with the selected treatment method (TABLE 10). Two
patients died before the aneurysm was secured. In two patients, treatment of the aneurysm was not
technically feasible during the follow-up. These four patients were excluded from the analysis of

associations between biomarker levels and treatment modality.



Discussion

In our patient cohort S100B, NSE and MMP-9 levels were not associated with the neurological
outcome measured at six months after aSAH by using modified Ranking Scale. On the other hand,
elevated S100B, but not NSE or MMP-9, at DAY 1 was strongly associated with non-severe initial

clinical representation suggesting a possible adaptive role of S100B in aSAH.

Findings regarding the prognostic potential of S100B, NSE and MMP-9 after different types of
brain injury have been inconsistent [10,17]. For S100B and NSE, our findings are in line with
previous observations by Olivecrona et al. [25] who found no significant value of these markers as
predictors of clinical outcome in patients suffering from severe TBI. Also, Piazza et al. [26] observed

in pediatric TBI patients that S100B was elevated but did not correlate with neurological outcome.

Quite the opposite results have been documented recently in aSAH patients. One study reported
100% mortality with S100B values >0.7 pg/L after aSAH [19]. In another study, early S100B and
NSE levels were found to predict the neurological outcome with 100% specificity in poor-grade
aSAH patients [27]. Moritz et al. studied serum and cerebrospinal fluid (CSF) levels of S100B and
NSE in aSAH patients during ICU stay. They found that elevated S100B levels in serum and CSF
and NSE levels in CSF were associated with neurological outcome while NSE levels in serum had
no predictive value [28]. Quintard et al. found that elevated S100B levels in the peripheral blood
during the first week after aSAH were associated with poor neurological outcome. Predictive value
was strongest for S100B levels at DAY 5. They also found that NSE levels from DAY 5 to DAY 7

were associated with poor neurological outcome, while earlier NSE levels were not [29].

Kellerman et al. [19] suggest that S100B levels might be used to guide clinical decision-making.
However, reported cut-off values for 100% mortality and for poor neurological outcome have varied
significantly in the literature [20,28]. Also, there has been uncertainty whether a single time-point
measurement or the total release of S100B during the early phase of the disease should be used in
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prognostication [20]. One recent retrospective study observed an association between elevated NSE
levels and poor functional outcome after aSAH. They used only the first NSE measurement for each
patient in the analysis. Timepoints in which measurements were made varied between patients

making it difficult to conclude the temporal profile of NSE levels [30].

In our patient cohort the early levels of the biomarkers and the their total release during the five-
day ICU follow-up were both unable to predict the neurological outcome. In fact, in our cohort those
presenting less severe initial clinical symptoms had a propensity to significantly higher S100B values
(median 0.741 pg/L), thus, strongly encouraging to caution in prognostication based on S100B. Based
on our findings in patients with aSAH and the previous data showing no prognostic value of S100B
or NSE in TBI patients [25], we are prone to take a cautious stand in clinical decision making based

on S100B and NSE during the first five days after aSAH.

It seems that dualistic view of elevated S100B concentration as “good” or “bad” is not biologically
appropriate [31]. In experimental models of neural cells S1I00B has shown neuroprotective properties,
e.g., after glucose deprivation there was less cell death and mitochondrial dysfunction in cells exposed
to S100B [32]. It has also been well documented that in neural cultures the effects of S100B depend
on the concentration. Concentrations up to nanomolar level seem to be neurotrophic while
micromolar concentrations were shown to be apoptotic and toxic [33,34]. Most assays used for S100B
detect up to 20-25 ug/L which is in the nanomolar scale [31]. It is possible that in these concentrations
elevation in S100B reflects an adaptive response to the neural stress. In our patient cohort we observed
high levels of S100B in patients with a non-severe initial clinical presentation. This suggests that
secretion of S100B from glial cells might be an adaptive response to the brain injury since high S100B
levels were not associated with neurological outcome. Similar conclusions have been drawn about
the observation from electroconvulsive therapy study where patients with elevated S100B levels had

the best response to treatment [35].
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One study has been able to show an association of elevated peripheral blood MMP-9 levels and
vasospasm in aSAH patients [36]. In contrast, Chou et al. found that elevated blood and CSF MMP-
9 levels correlated with poor neurological outcome at three months after aSAH [23] but no association
to vasospasm was detected. In our study MMP-9 levels were not associated with the neurological

outcome nor development of DCI.

In a subgroup of patients (n=22) with five-day ICU follow-up there was no association between
biomarker levels and neurological outcome at DAY 5. In that subgroup those who were not clinically
diagnosed with DCI had statistically higher NSE levels. Due to the small sample size and relatively
weak statistical significance it does not allow definite conclusions to be drawn about the role of NSE

in DCI. Additionally, the selected treatment method was not associated with the biomarker levels.

It is well known that the typically used outcome scales (i.e. mRS and Glasgow Outcome Scale)
after aSAH are not sensitive for more subtle impairments in the executive functions which may cause
a significant reduction in the quality of life after aSAH [37,38]. Based on our findings it is not possible
to evaluate whether elevation in these biomarkers is associated with brain injury causing these more
subtle deficits. More sophisticated methods might be advantageous to detect such impairments
[37,39]. Despite the relatively small sample size, our findings raise a significant doubt against the

clinical utility of S100B, NSE, and MMP-9 as prognostic biomarkers after aSAH.
Conclusions

None of the measured plasmatic biomarkers were associated with the neurological outcome
evaluated at 6 months after aSAH in the present patient population. S100B levels were higher in
patients with non-severe initial clinical presentation suggesting that S100B might have an adaptive
role in the brain injury after aSAH since the elevated levels were not associated with the neurological
outcome. Based on our findings it is not advisable to use these plasmatic biomarkers to guide clinical

decision-making in patients with aSAH.
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Figure and Figure Legend
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Figure 1. S100B levels measured within the first 24 hours after aSAH in relation to the severity of
initial clinical presentation (WFNS). Patients with non-severe clinical presentations had significantly

higher S100B levels (p = 0.007). Outliers not shown.
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