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Abstract

and the mean CSF S100B level can predict the risk of CVS.

Background: Aneurysmal subarachnoid hemorrhage (@SAH) is an acute neurosurgical emergency with a significant
fatality rate. In addition to acute brain injury, a considerable part of patients suffering from aSAH develops secondary
brain damage such as cerebral vasospasm (CVS). CVS exacerbates the mortality. Therefore, it is urgently needed to find a
biomarker, which could predict secondary brain and lead to operation by physicians more promptly. S100B, produced
and released by astrocytes, has proven to be an important biomarker for brain injury.

Methods: In this present study, 51 patients with aSAH were included. Five CSF samples from each patient
were obtained via lumbar puncture and were detected using electrochemiluminescence immunoassay (ECLIA).

Results: It indicated that S100B had a higher concentration in CSF of patients treated by surgical clipping after aSAH
than that treated with endovascular coiling. In addition, the mean CSF S100B level in patients without CVS was much
lower compared with patients with CVS. And, the expression of S100B increased along with the Fisher Grade at the

same day after aSAH attacked and decreased as time went on. Moreover, the CSF S100B level of different time points

Conclusions: These data suggest that CSF ST00B can be served as a predictor of CVS, which triggers an immediate
management by clinicians to prevent secondary exacerbation.
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Background

Subarachnoidhemorrhage (SAH) accounts for about 6—
8% of all strokes [1], among which the common cause is
rupture of intracerebral aneurysm. The other causes are
mainly vertebral artery dissection, arteriovenous malfor-
mation bleeding, or due to perimesencephalic SAH and
some undefined causes [2]. The overall incidence rate of
SAH is nearly 9 per 100,000 persons in one year, higher
than that in the Scandinavian countries, which is the
highest in Finland with 19.7 per 100,000 in one year [3].
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Among those patients, there are more than 50% who are
suffering from aneurysmal SAH (aSAH). However, less
than 25% would reach proper medical attention [4].

The aSAH is an acute neurosurgical emergency with a
significant fatality rate. How to manage ruptured intra-
cranial aneurysms is a common challenge for neurosur-
geons. More and more investigations focus on how to
decrease its morbidity and mortality. In addition, one
third of the patients with aSAH would develop second-
ary brain damage, including cerebral vasospasm (CVS)
[5]. CVS exacerbates the mortality, and to find out a
predictor of CVS in patients with severe SAH could re-
duce secondary brain damage [6].

S100B, a calcium-binding protein, is produced and re-
leased by astrocytes [7]. Increased S100B probably explains
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for either astrocytes’ reactions to brain injury or glial dam-
age, as beneficial or detrimental physiological purposes [8,
9]. It is well known that S100B has previously been evalu-
ated as a potential prognostic tool in acute ischemic stroke
as well subarachnoid hemorrhage [10-12]. The level of
S100B is found to be helpful to predict clinical outcome
after SAH [13]. Therefore, S100B may serve as a marker to
predict the secondary brain injury reliably and initiate
therapeutic operation by physicians in a timelier way [14].

In the past few decades, the concentration of S100B is
reported to be positively correlated with cerebral injury
level after aSAH [15, 16]. Treatment modalities of aSAH
is closely related to cerebral injury levels, but the differ-
ence of CSF S100B of patients with treatment modalities
is not very clear. We tried to measure concentrations of
CSF S100B of patients with different treatment modal-
ities after aSAH and investigate that whether the S100B
could serve as a potential predictor of CVS in patients
after aSAH.

Methods

Patients

The experiment was approved by our local ethics com-
mittee (Ethics Committee of The 2nd Affiliated Hospital
of HMU, China) and was conducted according to the
principles of the Helsinki Declaration and Good Clinical
Practice. Informed consent was obtained from each pa-
tient or patient’s next-of-kin.

Eligible patients between January 2010 and October 2013
were admitted. SAH was confirmed by CT. Only patients
who were age 18 years or more and who suffered from a
first aSAH were included. The following patients with ex-
clusion criteria were excluded: primary central nervous dis-
orders; died before the last lumbar puncture; external
ventricular drainage (EVD) or ventricular peritoneal shunt
more than 3 days of ictus; a decision not to perform clip-
ping or coiling; a severe complication during the treatment
such as intracranial infection, rebreeding, status epilepticus
and massive brain infarction; pregnancy or nursing state;
removal of part of brain as internal decompression.

Patients were enrolled into two groups according to
the treatment modalities, ones treated with surgical clip-
ping (n = 27) and the others treated with endovascular
coiling (n = 24). At admission, Glasgow Coma Scale
(GCS) score [17] and WENS grading scale [18] were
used to assess the clinical severity. Routinely, an electro-
cardiogram and troponin Ic assay (Stratus Analyzer by
Dade, M Ay, France) were obtained.

Keep Systolic arterial blood pressure from 140 to
160 mmHg. Seizures were routinely prevented by depa-
kine 500 mg doses every 8 h for 30 days.

Confirmatory findings of CVS included arterial narrow-
ing >50% detected on digital subtraction angiography
(DSA) or computed tomographic angiography (CTA);
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anterior circulation peak mean velocity (PMV) > 160 cm/
s, Lindegaard Ratio > 3, or PMV >90 cm/s for the basilar
artery detected on daily transcranial Doppler (TCD) son-
ography. We proceeded to CTA immediately once SAH
was established on a non-contrast CT scan. In addition,
patients who were in relatively good condition would be
asked to have DSA examination routinely. Delayed cere-
bral ischemia (DCI) caused by CVS was assessed by
follow-up CT scans more than 24 h after treatment; deter-
mined as hypointensive changes reflecting partial or total
involvement of the territory of a cerebral artery on CT
scans and not attributable to an operative complication or
spreading tissue ischemia.

Nimodipine administration (6 x 60 mg) was started
once the patients were admitted into the ICU and was
routinely used after operation. But oral nimodipine was
discontinued during episodes of profound arterial
hypotension requiring high-dose catecholamine support.
Those patients, who weighed more than 70 kg, were

Table 1 Characteristics of patients with CVS compared to
patients without

Characteristic Cerebral No cerebral P Value
vasospasm vasospasm
(n=19) (n=32)
Age(mean + SD) 56.8 £ 104 580+ 119 0721°
Gender
Male 9 18 0.705"
Female 10 14
GCS at admission 7.16 £1.95 6.34 = 147 0.098°
(mean + SD)
WENS grade
\ 0 6 0257
[ 2 8
I 5 12
\% 8 5
\% 4 1
Treatment
Surgical clipping 12 15 0.202°
Endovascular coiling 7 17
CSF S1008 level (ug/L) (mean + SD)
Day 2-4 165 + 497 122 + 363 711 x 107%
Day 6 1958 £11.59 1023 £317  742x 107
Day 8 19.28 £ 13.94 849 £ 278 90 x 107°
Day 10 16.99 + 14.07 645 + 248 129 x 10
Day 12 1476 £1394 434+ 219 123 x 10
Mean 1743 £ 1134 833 £ 281 7.04 x 1072

Abbreviations: CVS cerebral vasospasm, WFNS World federation of neurological
societies grading scale, GCS Glasgow coma scale, CSF cerebrospinal fluid, SD
standard deviation

Student’s t test

bFisher’s exact test



Li et al. Chinese Neurosurgical Journal (2017) 3:24

demanded to take the medicine twice a day, and once
per day for those who weighed less than 70 kg.

Samples

A total of five CSF samples from each patient were ob-
tained. Day 1 was defined from the day of burst. The Base-
line sample (first CSF sample) was obtained between day 2
and 4. It depends on when the patient had received treat-
ments and had received an EVD. The CSF sample was col-
lected 6 h after removal of the head drainage tube. On day
6, 8, 10 and 12 after ictus, the each sample was obtained.
Prior to sampling, 2 ml of CSF was discarded, because of a
dilution effect or precaution to contamination. About
7 ml of each sample was harvested into a 15 ml centrifuge
tube, placed in ice immediately, and centrifuged at RCF.
2000 for 20 min at 4 °C. The supernatant was immediately
used for assays or stored at —80 °C. Electrochemilumines-
cence immunoassay (ECLIA) was used to analyse the sam-
ples. The equipment used was Elecsys 2010, Roche
Diagnostics (Mannheim, Germany) and Modular Analyt-
ics E170. The detection range was from 0.005 to 39 pg/L.
Samples were analyzed in duplicates.

Statistical analysis
Statistics were performed using Microsoft Excel 2013 or
the SPSS Graduate Pack, version 11.0, statistical software
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(SPSS). S100B levels between patients with and without
CVS and the two operating methods were compared by
Student #-test. Fisher Exact Test, Standard Deviation (SD),
Student’s t test were used for the analysis of the data in
Table 1. Descriptive statistics, including 2-way analysis of
variance, mean and SD were used to determine statistically
significant differences. P < 0.05 was considered to be statis-
tically significant.

Results
A total of 51 patients with aneurysm, treated with endo-
vascular coiling (24 patients) or surgical clipping (27 pa-
tients) within 48 h of aSAH ictus, were included. Their
mean age was 57 years (from 31 to 87 years). There were
24 females and 27 males. The mean score of the WENS
grading scale was 3.5, while the mean GCS score on ad-
mission was 7, and the mean Fisher grade was 3.6.
Treatment methods depended on the expertise of the ad-
mitting neurosurgeon, aneurysm location and morphology.
After the first lumbar puncture on day 2—4, CSF samples
were obtained once every other day at the 6th, 8th, 10th
and 12th day respectively following ictus. The S100B in
CSF was measured by ECLIA. We compared the S100B in
the two groups of patients under the same disease severity
and these data indicated that the expression of S100B in-
creased significantly along with the Fisher grading of
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patients at the same day after aSAH attacked, despite of
treating modalities or whether having vasospasm or not
(Fig. 1a). However, as time goes on, it decreased obviously
and significantly in Grade 1 and 2 (Fig. 1b). Although the
concentration of S100B reduced over time in Grade 3, 4
and 5, it was not statistically significantly (Fig. 1b).
Although there was a tendency that the amount of
S100B of patients treated with surgical clipping was some-
how higher than that treated with endovascular coiling at
each day, it was not statistically significant (Fig. 1c).
Compare to patients who developed CVS, there come
out no differences significantly in gender, age, GCS
score, Fisher grade or WFNS grade, even the treatment
modalities (Table 1). However, CSF S100B level in pa-
tients who developed CVS was much higher than those
who did not at each day (Table 1). In addition, we ana-
lyzed the variation of CSF S100B between patients with
and without CVS in surgical clipping group (Fig. 2a) or
the endovascular coiling group (Fig. 2b). And the ana-
lysis showed consistent tendency. Moreover, the CSF
S100B level of different time points (day 2—4, day 6, day
8, day10 and day 12) and the mean CSF S100B level can
predict the risk of CVS using univariate analysis. The
receiver-operating characteristic (ROC) curves was ob-
tained for the S100B level of different time points and
the risk of CVS (Fig. 2c). For example, area under the
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ROC curve of day 2—4 CSF S100B level was 0.767. By
multivariate analysis, the CSF S100B level of different
time points as well as the mean CSF S100B level could
not predict the risk of CVS (Additional file 1: Table S1).
These data suggest that CSF S100B can be a predictor of
CVS, but cannot predict the risk of CVS independently.

Discussion

There are two treatment modalities of aSAH to com-
pletely, immediately, permanently, and safely occlude the
dome of aneurysm and preserve the parent artery. The
debates and researches of their merits and faults have
been always existing since the advent of two ways. It has
been reported by both the Barrow Ruptured Aneurysm
Trial (BRAT) [19] and the International Subarachnoid
Aneurysm Trial (ISAT) [20, 21] that there come out bet-
ter early clinical condition by endovascular coiling after
aneurysms rupture than that by clipping. Recently, a
meta-analysis also draw the same conclusion [22]. In
addition, some investigations show that surgical clipping
is more prone to hydrocephalus [23], cerebral vasospasm
[22, 24] and epilepsy [21]. In this study, there was a dif-
ference of mean CSF S100B between high grade and low
grade, which demonstrated that the brain injury degree
of high grade was significantly higher than that of low
grade. Although the mean CSF S100B in patients who

>

Surgical Clipping

B Cerebral Vasospasm
[ non-Cerebral Vasospasm

Concentration of CSF S100B (pg/L)

~N

Endovascular Coiling

@
3

W Cerebral Vasospasm
3 non-Cerebral Vasospasm

N
S

Concentration of CSF S100B (ug/L)
3

"
0:
2 Day 2/4 6
C Day 2-4 Day 6 Day 8
- 7 T 7 ’ - 7
. J . p
2 . s . . B
. . .
. . .
© 7 © © 7
B . 2 . B .
LA 3 L7 3 L7
e T 7 7
7 3 - s .’
[ AUC=0767 L7 AUC=0.802 7 AUC=0.791
0.0 02 04 06 0‘8 10 00 02 04 086 D‘S 1‘0 ﬂ‘ﬂ Q‘Z 0‘4 D‘ﬁ O‘E |‘0
FPR FPR
Day 12 Mean
. - - e
.
2 2 B 2
.
.
© © o 4
o " eI -
= = e, L7
B z : /
.
o ol . .
s . _ 8 g .
E AUC=0.775 T AUC=0.797 \ - AUC=0.801
00 02 ﬂ‘d D‘B D‘B 10 00 02 D‘d 06 Q‘E |‘D D‘D 02 ﬂ‘l D‘E D‘E 1‘0
FPR FPR FPR

Fig. 2 The CSF S100B level in patients with and without CVS. The CSF S100B in patients with CVS was higher than that without CVS in surgical
clipping group (a), or the endovascular coiling group (b). ¢ The area under the receiver-operating characteristic curve of Day 2-4 was 0.767, and 0.802,
0.791, 0.775, 0.797, 0801 on Day 6, 8, 10, 12 or mean value, respectively. *P < 0.05, **P < 0.01. CSF, cerebrospinal fluid. CVS, cerebral vasospasm




Li et al. Chinese Neurosurgical Journal (2017) 3:24

received endovascular coiling seemed to be lower com-
pared with that of patients who received surgical clip-
ping, it was not statistically significant.

Within the study period, the concentration of mean
CSF S100B decreased tardily over time after rupture and
be higher in the high grade group than that in the low
grade group, which is consistent with some previous
studies [15, 25, 26]. Brain damage, which causes high
S100B level, may be highly related to the CVS. Post-
traumatic vasospasm usually develops within 3 days of
brain injury, while aneurysmal CVS may develop in
4 days after the hemorrhage [27].

CVS exacerbates the mortality. It may be a major
target of intervention after the surgery of aSAH. To
find out a specific biomarker for predicting CVS is
very important, since earlier identification and there-
fore earlier treatment of CVS would decrease the
mortality and morbidity of patients. In our study, we
found that the mean CSF S100B or S100B level at
different time points in patients without CVS were
much lower than that in patients with CVS, which
suggested the potential role of S1I00B as an important
prognostic factor of C VS.

In this study, 7 of 27 patients in clipping group had
decompressive craniectomy. And it indicated that pa-
tients with decompressive craniectomy came out a
higher CSF S100B level at every time points, compared
to patients without (Additional file 2: Table S2). Gener-
ally, patients with poor grade tend to need decom-
pressive craniectomy, which may be the reasonable
explanation for the higher S100B.

In addition, we adopted strict selection criteria, some
interference factors such as intracranial infection,
rebreeding or removal of part of brain as internal de-
compression were excluded. While the above factors in-
crease the accuracy of this investigation, there are also
several limitations in this study. Fewer cases were in-
cluded in this study. However we can conclude that,
CSF S100B can be used as a predicttor of CVS. And
combination with other biochemical markers such as
glial fibrillary acidic protein (GFAP), neuron-specific
enolase (NSE) and malondialdehyde (MDA) [16] might
be of greater utility.

Conclusion

S100B in CSF increased along with the Fisher grading of
patients and decreased as time went on after aSAH
attacked (Grade 1-2), despite treating modalities or
whether having vasospasm or not. Mean CSF S100B
level in patients without CVS was much lower than that
in patients with CVS. The CSF S100B level of different
time points and the mean CSF S100B level can predict
the risk of CVS using univariate analysis.
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These data suggest that CSF S100B can be served as a
predictor of CVS, but cannot predict the risk of CVS
independently.

Additional files

Additional file 1: Table S1. Multivariate analysis for the prediction of
CVS. (DOCX 21 kb)

Additional file 2: Table S2. CSF S100B levels (ug/L) in patients with
decompressive craniectomy compared to patients without. (DOCX 19 kb)
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