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Results. The content of ST00B during the initial determination on average for the group significantly exceeded
the level determined in the control by 3.22 times (p=0.025). There was a direct dependence of the content of ST00B
on the size of the stroke. A moderate increase in the indicator on the 3rd day relative to the determined one on the
1st day and a decrease on the 7th day after the development of the stroke were revealed. There was no significant
dependence of S100B content on the presence of comorbidities. The influence of the studied parameter on the
degree of neurological deficit was determined only in patients with a large stroke size.

NMwemuanbik uHcynbTTeri S100B NpoTeunHiHiH, Kypambl XXaHe
MHBA3MBTI apanacynapfa ywblpaFaH HayKacTapgarbl

OHbIH, 60/mKaMAbIK, MaHi

Xar anbicaTbiH aBTOP:

Bbay6ekoB A.A."2 Tapxubaes T.K.2, Muep6ekos E.M.3, Erem6epamnes T.XK.", 7. .u6aes Tk - gopirep-
H 4 3 4 aHrnoxupypr, XMO «Private Clinic
Bepikynbi 1.4, Caratos |.E.°, Omapos H.b. o e
e-mail: dr.tajibayev@gmail.com

1C. K. ActheHamnapoB aTbiHAaFbl Kasak, ¥YATTbik, MegnumnHanbik,

YHuBepcuteTi, AnMaTbl, KasakcTaH, f\"gfj,’,‘j,’;‘;”;‘;’g:,f;"b’:
ZXanblkapanblk, MeguumHanbik, Optanblk, «Private Clinic Almaty», o el XOKTE T
Anmartbl K., KasakcTaH,

SA.H. Cbi3FraHOB aTblHAaFbl YNTTbIK, FbIIbIMU XUPYPIrust OpTasbifbl, Tyiiingi cosnep:

AJ'IMaTbI K.-u Ka3aK,CTaH, gglj-le)'l\:xﬂbllﬁMHcyﬂbT,'aKybl.?S'IOOB,'

‘Cemen meguumHanblk, yHuBepcuteTi, Cemen K., KasakcTaH

AHpatna

3epTTeyaiH, MaKcatbl - NLLIEMUASBIK UHCY/IbTIIEH aybipaTbiH HaykacTapga S100B npoTenHiHiH AeHrediH
aHbIKTay )XX9He OHbIH MW TIHIHIH 3akbiMAaHy aviMarblHblH ©JLLUEMIMEH, UHCYbTTIH aybIp/iblFbIMEH XoHe
KIMHUKaIbIK HATUXeepiMeH 6alinaHbICbiH 6aranay.

Marepunangap MeH Tacingep. 3eptreyre xeaen neMussbiK MHCY/IbTIEH ayblpaTbiH, OHbIH 6acTa/lybiHaH
KeWiHri GipiHLLi Tay/iKTe aypyXaHara XXaTKbI3blsiFaH XaHe MHBa3UBTI emre yiubiparaH 113 nayneHT KaMTblabl.
NIHSS wkanacbl 6osbiHLwa 107 ep xaHe 12 avien Tekcepingi, oHbiH ilwiHae 50-60 xacTa - 32, 61-70 acTa - 64,

BULLETIN OF SURGERY IN KAZAKHSTAN N@93-2023



S7100B PROTEIN CONTENT IN ISCHEMIC STROKE AND ITS PROGNOSTIC
VALUE IN PATIENTS SUBJECTED TO INVASIVE INTERVENTIONS

ABTOp A/151 KOPPECTOHAEHLMH:
Tagxu6aes TK. - Bpay-aHrmoxmpypr,
MML «Private Clinic Almaty»,

r. Anmarbl, KazaxcTaH,

e-mail: dr.tajibayev@gmail.com

KoH@ANKT uHTepecoB:
ABTOpbI 3asIB/ISIOT 06 OTCYTCTBUN
KOH(ANKTa HTepecoB

KnroveBble coBa:
ULLIEMUYECKNI MHCYNBT,
6es1ok S100B; nporHo3

71-80 xacTa - 17. [lapameTpepi MeH GyHKLMOHaNAbIK aybITKY AoPEXECI.

Hatuxenep. Ton 6GovbiHWa 6acTankbl aHblKTay kesiHge S100B mMa3MyHbl opTa ecernneH 6akbliayga
aHbIKTasFaH feHrevigeH 3,22 ece (p=0,025) aiitapsibikTai ackin TycTi. ST100B Ma3MyHbIHbIH UHCYJIbT eLleMiHe
Tikenei Tayenginiri 60n4pbl. 1-LUi KyHi aHbIKTa/iFaHFa KaTbICTbl 3-Li KYHi KOPCETKILUTIH OpTallua YKofapbliaybl
)KOHE MHCY/bT JaMblfaHHaH KeuiH 7-Li KyHi ToMeHAeyi aHbiKTangbl. ST00B Ma3MyHbIHbIH Katap XYypeTiH
aypynapgblH 60nyblHa arTapsbIKTa Tayenpiniri 6onraH oK. 3epTTeneTiH napameTpAid HeBPOIOrUsIbIK,
Tarbl/ibIK AoPEXECiHe acepi TeK MHCY/IbT MOJILLIEDI Y/IKEH HayKacTapAa aHbIKTan/bl.
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AHHOTayums

Llenb pa6oTel - onpeaeneHue ypoBHeli 6eska ST100B y naymeHToB ¢ ULLIEMUYECKMM UHCYILTOM U OLEHKa
€ro CBs131 C paaMepoM 06/1aCTy MOPaXKEHNSI MO3rOBOV TKaHM, TAXKECTbHO UHCY/IbTa U KIIMHUYECKUMU UCXOBaMMU.

Martepuasbi u MeToAbI. B uccnenoBaHue BkoYeHb! 113 naymeHToB ¢ 0CTPbIM NLLEMUYECKMM UHCY/TbTOM,
rOCMUTanN3nPOBaHHbIX B TEYEHME MEPBbIX CYTOK 0C/1e ero Havyasaa 1 MogBeprHyTbiX MUHBa3UBHOMY JIEYEHUIO.
06cnegoBaH 107 MyxunHa 1 12 KeHLmH, n3 HuX B BospacTte 50-60 net — 32, 61-70 net — 64, 71-80 net - 17.
Ocywectnsinn onpegeneHne 6enka S100B Ha 1, 3 u 7 cyTKu, a Takxe KOMIIeKca KAMHUKO-/1abopaTopHbIX
rapameTpoB U CTeneHn QyHKLMOHaAbHbIX OTKIOHeHM o Lukasne NIHSS.

Pesynbratbl. Cogepxanne S100B rpy nepBMYHOM OMpesesieHnn B CPeAHeM o rpynrne 3HayMmo
MPEeBbICUIIO YPOBEHb, ONPEAENEeHHbINi B KOHTpose, B 3,22 pa3a (p=0,025). MMenacb npsimasi 3aBMCUMOCTb
cogepxauna S100B oT pasmepa MHCy/bTa. BbiBIEHO yMepeHHOe MOBbILLIEHNE oKasaTesid Ha 3 CyTku
OTHOCUTENIbHO OMPeAeNeHHOro Ha 1 CyTKU M CHUXKEHWe Ha 7 CYTKM rocsie pa3BuUTUA MHCYynbTa. He 6blio
BbISIBJIEHO CYLLECTBEHHOW 3aBucumoctu cogepxxaHns ST00B oT Hanumuyms COomyTCTBYHOLUEN MaToornm.
BnvsiHne nccnefoBaHHOro roka3aTtesis Ha CTereHb HEBPOJIOrUYecKoro geuunta onpesesneHo TobKo Y
MaLneHToB C 60/bLIMM Pa3MEPOM UHCY/IbTA.

Introduction

Stroke is one of the leading causes of death
in developed countries and up to now can take the
first place among diseases leading to disability
[1, 2]. The frequency of strokes in the population
increases with age, up to 80% of them are
ischemic [3].

There is a complex of pathogenetic
mechanisms of ischemic stroke, including regular
changes in cerebral hemodynamics and, further,
metabolic disorders of nerve and glial tissues.

Recently, biochemical markers have become
important in the identification of brain damage.
Among the family of Ca2+-modulated proteins,
S100B is mainly produced by astrocytes.
S100B plays an important role in the growth,
differentiation and repair of nerves [4, 5, 6, 7].
At physiological levels of concentration, this

protein causes a protective effect, but elevated
extracellular concentrations lead to cell damage,
which may be associated with the pathophysiology
of neurodegenerative processes [6]. With
brain damage, S100B easily spreads into the
cerebrospinal fluid, as well as into the blood [5, 6].
A number of studies have reported an increase in
S100B levels due to trauma and various ischemic
conditions [8].

Purpose of the study is to determine the levels
of the S100B protein in patients with ischemic
stroke and evaluate its relationship with the size of
brain tissue damage, stroke severity, and clinical
outcomes

Materials and methods

The study included 113 patients with acute
ischemic stroke, hospitalized during the first
day after its start. 101 men and 12 women were
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examined, including 32, 61-70 aged 50-60 years

years - 64, 71-80 years - 17.

The study was conducted in 2019-2022.

The control group consisted of 40 clinically
healthy individuals, comparable in sex and age.

Criteria for inclusion in the study:

- instrumentally verified ischemic stroke;

- the full scope of the examination according
to the Study Protocol;

-invasive intervention in all patients. Exclusion
Criteria:

- hospitalization more than 24 hours after the
onset of a stroke;

- the development of a stroke due to trauma,
tumor, infectious process;

-the presence of a diagnosed brain tumor or a
malignant neoplasm of another localization,

- transient ischemic attack,

- epidural, subdural or
hemorrhage;

- history of head trauma or acute myocardial
infarction within the last 3 months.

The risk assessment criteria for the examined
patients included age, gender, concomitant
cardiovascular risk factors, radiological data,
and results of a neurological examination on the
1st, 3rd, and 7th days from the onset of a stroke.
Neurological examinations were recorded using
the NIHSS scale.

The NIHSS score was divided into main
grades: 0—1: normal, 2-7: mild, 8—14: moderate,
15 and above: severe [9].

On the 1st, 3rd and 7th days from the
development of a stroke, venous blood was taken
(5 ml each). After incubation at room temperature
for about 20 minutes to achieve complete
coagulation, the serum was separated by 10
minutes of centrifugation at 4000 rpm. Serum

subarachnoid

samples were stored in Eppendorf tubes at -80°C
until analysis. Results were reported in ng/mL
after sample analysis according to the kit protocol
using the ELISA method and the Human S100B
ELISA kit (S100B; BioVendor Research and Diag).
Nostic Products, Brno, Czech Republic).

Stroke subtypes were grouped as TACI (total
anterior circulation stroke), PACI (partial anterior
circulation stroke), POCI (posterior circulation
stroke), and LACI (lacunar stroke) according to the
OCSP classification [10].

Magnetic resonance imaging (MRI) was
performed on an MRI tonometer (MAGNETOM
Avanto; Siemens Healthcare, Erlangen, Germany)
with a field strength of 1.5 T.

The volume of the lesion was calculated from
the slice thickness of 5 mm in the axial plane and
the gap between the cross sections of 1.5 mm in
diffusion-weighted images. At discharge from the
hospital, patients were divided into two groups of
functional impairment according to the modified
Rankin scale: normal-mild and moderate-to-severe
[11].

Statistical analysis. The SPSS 20 program
was used. Descriptive statistical methods (mean,
standard deviation), Friedman test for repeated
measures of several groups, Kruskal-Wallis test for
comparison of several groups, Mann-Whitney U-test
for comparison of two groups, correlation were used
to evaluate the data. Spearman'’s test and Pearson’s
exact x2 test for comparing qualitative data.
The boundary level of the presence of statistical
significance was taken p<0,05.

Results

The results were evaluated by the average
values of laboratory and clinical parameters at
various times. They are presented in the charts
(Figure 1, 2, 3) and in the table 1.
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The content of S100B during the initial
determination on average for the group
significantly exceeded the level determined in the
control by 3.22 times (p=0.025).

There were significant differences in the content
of S100B depending on the size of the stroke. Thus, the
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Stroke

average value of the indicator for small strokes exceeded
the control one by 2.07 times, with medium ones by
2.99 times and with large ones by 5.55 times (p=0.043,
p=0.003 and p<0.001, respectively). There were also
significant differences between all groups of patients
with stroke, except for small and medium stroke.

Figure 1.

The level of S100B content
at the initial determination in
comparison with the control
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Figure 2. 0.4
Dynamics of S100B content y
in the general grou
g group 0,35

0,3
0,25
0.2
0,15
0,1
0,05
0

ng/ml

Control Stroke, 1%t day Stroke, 224 day Stroke, 3% day

A certain dynamics of S100B content decreased. However, there were no significant
in the blood was observed. Initially (up to 3 differences between the indicators for this
days), its value increased, and by 7 days it period.

Figure 3.
The level of ST00B in dynamics

depending on the size
of the stroke

O Small size
I Average size

B Large size

15t day 3 day 7t day

In the dynamics, an unambiguous, but a large stroke, an increase in the ST00B protein
insignificant trend towards a decrease in the content was noted within 3 days and a tendency
indicator was revealed in case of a small stroke, to decrease after 7 days from the development
while with an average size of the lesion and with  of a stroke.

Relationships of S100B coEatZLet :n Groups
dynamics, risk factors and sizes Mild stroke, n=47 Average stroke, n=38 Large stroke, n=28

of ischemic stroke 1 day 3 day 7 day 1 day 3 day 7 day 1day 3 day 7 day
Gender male, n=101 0,151 0,163 | 0,149 | 0,229 | 0,237 | 0,235 0,442 | 0,497 | 0,458
Female 0,129 | 0,147 | 0,133 0,201 | 0,218 | 0,199 - - -
Age 0-61y., n=32 0,199 0,185 | 0,176 | 0,255 0,270 | 0,242 0,436 | 0,488 | 0,430
61-90y. 0,106 | 0,130 | 0,115 0,187 0,209 | 0,201 0,470 | 0,519 | 0,467
BP, n=96 0,148 | 0,153 | 0,146 | 0,234 | 0,258 | 0,248 | 0,481 | 0,493 0,470
No BP 0,138 | 0,147 | 0,137 | 0,227 | 0,222 0,195 0,399 | 0,420 | 0,419
Ischemic heart disease, n=27 0,154 0,156 0,155 0,244 0,253 0,251 0,490 0,528 0,500
No 0,132 | 0,140 | 0,129 | 0,215 | 0,218 | 0,197 | 0,421 | 0,455 0,432
DM, n=18 0,169 | 0,172 0,161 | 0,249 | 0,260 | 0,245 | 0,442 0,497 0,458
No DM 0,126 | 0,135 0,124 | 0,208 | 0,212 0,207 - - -

As a result of comparing the content of women. It was also found to be higher in relatively
S100B in dynamics in the presence of various young individuals, with the exception of those
risk factors, it was found that in men this marker ~ who had large ischemic brain damage.
of tissue damage is more pronounced than in The presence of arterial hypertension,
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coronary heart disease and diabetes mellitus did
not significantly affect the values of the studied
indicator. There were only tendencies to excess
in all compared pairs of values in the presence
of aggravating factors, especially coronary artery
disease.

When determining the severity of disorders
on the Rankin scale, it was determined that 94
patients had no clinical symptoms or they were
mild, 19 had moderate or severe symptoms. Its
distribution depending on the content of S100B
during the initial determination is shown in Table 1.

In the structure of functional outcomes,
a certain dependence on the content of the
S100B protein is noticeable. It can be traced in
all selected subgroups and reaches a degree of
significance in large stroke (p=0.043). However,
it should be noted that no significant differences
were found on average across the group.

Discussion

Recently, many studies have been conducted
to determine the frequency of post-stroke injuries
and assess their impact on the prognosis of the
diseas. Neurological examination or repeated
neuroimaging may not be sufficient if cooperation
with the patient cannot be established or if the
patient is in a coma. In these circumstances, the
presence of a marker that can be controlled in
serum may provide convenience. One of the latest
studied neurobiochemicals is S100B, a complex
protein that modulates neuroglia interaction [11].
The correlation between lesion size and serum
levels of this protein, as well as its association
with early clinical and/or functional outcome in
acute post-stroke patients, has been noted in
several studies. Miao Y et al. [12], determined that
serum level of Hyc altered slightly whatever the
type of the heart disease, but it did not change in
cases of minor cases; nevertheless, CRP level is
significantly raised in all types of inflammations
and in AMI.

However, when comparing the percentage
change in S100B values on days three and five
with that on day one, no significant difference
was found between the mild and moderate and
severe groups. Unlike other studies, we found
approximately the same high levels of S100B
duringthefirstand third days and suggest that late
(at the end of the first day) the time of admission
of patients to the hospital or inaccurate timing
may lead to disease progression. inflammation
in the area of necrosis. Measurements of the
highest levels of S100B on the third day may be
associated with the effect of edema occurring
2-3 days after ischemic stroke, in which there
is necrosis of a large number of astrocytes
and the progression of inflammation, causing
deterioration of the blood-brain barrier.

The Middelheim Multidisciplinary Stroke
Study reported that S100B protein levels in
the cerebrospinal fluid of 89 stroke patients

BULLETIN OF SURGERY IN KAZAKHSTAN

(68 ischemic strokes, 21 TIAs) obtained at
admission (mean 8 hours) and 35 healthy
volunteers correlated with the volume of brain
tissue lesion, stroke frequency, outcome severity
(NIHSS) [14]. Kenangil et al showed that S100B
values in 26 patients with acute stroke assessed
on days 1, 3 and 7 reached maximum levels in
patients with strokes associated with closure
of more than 2/3 of the area of the middle
cerebral artery on day 3, and they defined these
results as poor outcome and disability. Elting et
al. compared the relationship of ST00B protein
levels to clinical findings in 21 patients with
ischemic stroke, 18 with TIA, and 10 patients
with traumatic brain injury with that of 28 healthy
controls. A correlation was found between
the highest S100B levels measured on day 3
and NIHS scores on days 1 and 10. In trauma
patients, the highest levels of S100B were found
during the first day, and a correlation was found
with the Glasgow Coma Scale on admission. In a
study by Buttner et al, serum S100B protein levels
were measured at 12 hours, 24 hours, and 2, 3,
4, 5,7, and 10 days in 26 patients with stroke in
the anterior circulation region, as well as with a
clinical condition. The highest levels of S100B
were determined on days 2 and 3 after the onset
of symptoms in patients with more extensive
strokes and more severe neurological deficits
on admission, but no relationship was found
between these higher values and prognosis
[13]. In two separate studies, Wunderlich et al.
found a strong correlation between neurological
conditions and serum S100B concentrations in
patients with ischemic stroke and stated that
it has high predictive value in assessing early
prognosis. In a study by Fassbender K. et al, it
was shown that S100 protein levels correlate
with the size of damage in ischemic stroke, and,
in addition, its concentrations measured after 10,
24, and 72 hours correlate well with the patient’s
neurological status.

Conclusion

In our study, there was a correlation between
lesion size and increased S100B levels, as well
as between stroke severity (according to the
NIHSS scale) and S100B levels. Therefore,
we concluded that stroke severity or clinical
situation is associated not only with the number
of neurons that have undergone necrosis, but
also with critical locations of necrosis. The
identification of a weak correlation between
the functional status in the first month and the
maximum level of ST00B on the 3rd day led us to
think about S100B as an insufficient prognostic
marker. Another conclusion was that gender
and concomitant systemic diseases such as
diabetes, hypertension and HL in patients with
ischemic stroke do not affect the level of ST00B.
This observation may mean that ST100B is a
possible marker of brain injury. Thus, high levels
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of ST100B protein in the peripheral blood after
ischemic stroke were found, which correlated
well with the size of the lesion, but weakly
correlated with disability. Even if the S100B
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