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Cytokine status’ pattern in acute period of ischemic stroke subtypes

S. I. Shkrobot, N. R. Sokhor, L. S. Milevska-Vovchuk, L. V. Shkrobot

State Institution of Higher Education “I. Horbachevskyy Ternopil State Medical University”, Ukraine

Purpose. The aim of this study was to assess a different pattern of inflammatory mediators in relation of ischemic stroke
subtypes in acute period.

Materials and Methods. The study involved 482 patients with different ischemic stroke (IS) subtypes. We studied the content
of inflammatory interleukins (IL-1B, IL-2, IL-6, IL-8, CRP, TNF-a) and anti-inflammatory interleukin IL-10 in blood serum.

Results. The study revealed increasing content of pro-inflammatory cytokines in acute period of IS subtypes, especially at
Large Artery Atherosclerosis (LAAS) and Cardioembolic Infarct (CEl). In patients with LAAS the level of IL-2, IL-6 and CRP
was significantly higher compared to other IS subtypes. The content of IL-10 was significantly lower compared to patients with
Undetermined Etiology (UDE) stroke and LACunar (LAC) stroke. We established the relationship between the concentration
of IL-1B and IL-6 with the severity of LAAS, CEIl and UDE on the 1% day of stroke. On the 7" day the concentration of IL-18
and IL-8 was significantly decreased at LAC, IL-2 — at LAC and LAAS, IL-6 and TNF-a at LAC and UDE. At LAAS the content
of inflammatory mediators depended on the degree of arteries stenosis, the presence of unstable atherosclerotic plaques, the
intima-media thickness. We found a direct relationship between the severity of LAAS and CEl on the 14™ day with the CRP
concentration on the 1% day (at LAAS — (r=0.73, p=0.003), at CEI - (r=0.71, p=0.002), indicating predictive value of CRP-content
on the course of acute period of IS subtypes. We established the dependence between cardiac morphometric parameters with
the level of pro-inflammatory interleukins in acute period of UDE. We found the relation between the content of IL-1p, IL-6 with
left ventricular myocardial mass index at UDE.

Conclusions. The content of inflammatory mediators in acute period of ischemic stroke depends on the pathogenic subtype
of stroke.

3MiHM LUTOKIHOBOrO CTaTyCcy NpU Pi3HUX MiATUNAX iLLEMiUHOro iIHCYALTY B FOCTPOMY NepioAi

C. |. lkpobort, H. P. Coxop, A. C. MineBcbka-BoBuyk, A. B. LLikpo6oT

MeTa po60T1 — OLHUTM 0COBNMBOCTI 3MiH MeaiaTopiB 3ananeHHs B rocTpoMy Nepioai pisHMX NigTunis ilemiyHoro iHeynety (I1).

Matepianu Ta metogu. Obctexwunmn 482 ocobu, ski xBopi Ha pisHi nigtunu Il (125 — i3 kapgioem6oniyhum (KEI), 119 — 3
arepotpomboTuyHum (ATI), 116 — 3 iHcynbTOM HeBu3HadeHoi eTionorii (IHE) Ta 122 — 3 nakyHapHum (J11)). XBopum 3giicHunm
KniHiKO-HEBPOMoriyHe 0BCTEXEHHS, BUBYEHA AMHAMiKa BMICTY npo3ananbHux LmTokiHie (IL-16, IL-2, IL-6, IL-8, CPI1, ®HIM-q)
Ta npoTu3ananbHoro unTokiHy IL-10 y cupoBarLi KpoBi.

PesynbraTu. BctaHosunu, Wwo B roctpomy nepiogi Beix nigrunis | Ha 1 go6y 3poctae BMICT Npo3anarbHiX LMTOKIHIB, 30Kkpema
HanbinbLwoto mipoto npu ATl Ta KEI. Y xBopux 3 ATl piBeHb IJ1-2, 1]1-6 i CPIT 6yB BiporigHO BUALLMM, HixX npy iHWmX nigtunax Il,
a BwmicT I/1-10 — BiporigHo Hx41m nopisHsHO 3 IHE Ta J1I. BcTaHoBNEHMI 38’330k Mix KOHLUEHTpaLieto IL-13 Ta IL-6 i3 TspkkicTio
ATI, KEl Ta IHE Ha 1 noBy 3axBoptoBaHHs. Ha 7 0oby koHueHTpauis IL-18 Ta IL-8 BiporiaHo 3HuxyBanacs npu 1, IL-2 — npw N1
Ta AT, IL-6 i ®HM-a — npm J1I Ta IHE. KoHueHTpauis IL-10 Ha 7 goby KEI Ta ATI 3HmKyBanach, Lo CBIAYMIO NPO yTPUMaHHS
ancbanaHcy Mix npo3anarnbH1MM Ta NpoTM3ananbHUMK LMTokiHamMK Npu umnx nigtunax |, Mpu ATI Ha BMICT MegiaTopiB 3ananeHHs
BMMMBanM CTyNiHb CTEHO3Y apTepilt, HAsBHICTb HECTabINbHNMX aTePOCKIEPOTUYHMX BRSILLOK, TOBLLVHA KOMMNMEKCY iHTUMa-megia.
BuseneHa npsima sanexHictb Mix TsbkkicTio AT i KEI Ha 14 oy 3 koHueHTpauieto CPIM Ha 1 goby (npu ATl —(r=0,73, p=0,003),
npu KEI — (r=0,71, p=0,002), wo Bka3yBano Ha NporHocTuyHe 3HaveHHst BMicTy CPI ans nepebiry roctporo nepiogy Lmx
nigTvnis |l. BcTaHoBneHa 3anexHicTb Mk MOPGOMETPUYHMMU NOKa3HWKaMK Cepus 3 piBHEM Npo3ananbHuX IHTEPReiKiHIiB y
roctpomy nepiogi IHE. BusiBneHun 38’s3ok mixk BmicTom IL-1p, IL-6 Ta iHOeKkcom macu mMiokapaa niBoro wwyHouka npu IHE.

BucHoBKM. Y rocTpomy nepiogj iLleMiYHOro iHCyIbTy BMICT MejaTopis 3ananeHHs 3anexuTb Bif NaToreHeTUYHOrO NIATUMY iHCYNLTY.

U3meHeHUA LUTOKUHOBOTO cTaTyca npu pa3HbiX NOATUNAX ULLEMUYEeCKOro UHCYAbTa
B OCTPOM nepuoae

C. U. Wkpobor, H. P. Coxop, A. C. MuneBckas-Bosuyk, A. B. LLikpo6ot

Llenb paboTbl — OLEHNTb OCOGEHHOCTU M3MEHEHUIN MEAMATOPOB BOCMArNeHUst B OCTPOM Mepuoae pasnuyHbiX NOATUMNOB
nwemmndeckoro uHeynera (MN).

Marepuansi u meToabl. O6cnenoBaHo 482 6onbHbIX ¢ pasHbiMu nogTunamv U (125 — ¢ kapamoambonuyeckum (KOW), 119 -c
arepotpombotuydeckum (ATU), 116 — ¢ nHCynsTOM HeycTaHoBReHHo aTnonorm (MHI) n 122 — ¢ nakyHapHbIM (1TA)). BonbHbIM
NMPOBEAEHO KMMHWKO-HEBpOIIOrMyeckoe obcnenoBaHme, n3yveHa ayHamuka YpoBHSsl NpoBocnanuTenbHbIX LnTokuHoB (IL-18,
IL-2, IL-6, IL-8, CPI1, ®HM-a) n npoTMBOBOCNANMTENBHOIO LToKMHA IL-10 B CHIBOPOTKE KPOBY.

Pe3ynbrathbl. YCTaHOBMEHO, YTO B OCTPOM neproge Beex noatvnos MW Ha 1 cyTki Bo3pacTaeT coaepaHue NpoBoCranuTenbHbIX
LIMTOKWMHOB, B YaCTHOCTM, B HanbonbLueii ctenenmn npu AT n KA. Y 6onbHbix ¢ ATU yposets IL-2, IL-6, CPIM 6bin gocToBepHO
BblLLE, YeM npyu gpyrvx nogTtunax W, a ypoeeHsb IL-10 — goctoBepHo Huxe no cpasHeHuto ¢ IHO v JIN. YctaHoBneHa cBsisb
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OpurMHanbHble UCCAEAOBaAHUA

mexay koHueHTpaumel IL-1B u IL-6 n TspkecTbio ATU, KO n MHOG Ha 1 cyTkn 3aboneBanus. Ha 7 cyTku koHueHTpauws IL-1(
u IL-8 pocToBepHo cHkanacs npw JIA, IL-2 — npu 11 n ATW, IL-6 n ®HM-a — npu [T n UHS. YpoBeHs IL-10 Ha 7 cyTku KON
n ATU cHuxancs, YTo cBuaeTensCTBOBano ob yaepxaHun aucbanaHca Mexay npoBocnanuTenbHbIMU U NPOTUBOBOCMANK-
TenbHbIMW LTOKMHaMu npw aTux noatunax UW. Mpu ATU Ha conepxaHne MeanatopoB BOCNarneHus BIUSAN CTeNeHb CTeHo3a
apTepuiA, Hanuumne HecTabunbHbIX aTEPOCKNEPOTUYECKNX BNSALLEK, TONLLMHA KoMMNeKca MHTUMa-Meaua. OBHapyxeHa npsiMas
3aBMCUMOCTb MEXIY TSXKECTbI0 aTepoTPOMBOTUYECKOrO U KapAroaMBOnNNYeCcKoro MHCYNLTOB Ha 14 CyTKM U KOHLEeHTpaLmen
CPTI1 Ha 1 cyTku (cootBetcTBEHHO npu ATU — (r=0,73, p=0,003), npu KON — (r=0,71, p=0,002), 4to cBUAETENLCTBYET O
NPOTHOCTMYECKOM 3HaveHun copepxarnst CPI Ha TedeHue ocTporo nepuoga atux nogtunos AW, YctaHoBneHa 3aBUCMMOCTb
mexay MopoMeTpuYecKMm nokasaTensMv cepaLia M ypoBHEM NpoBOCNaNUTENbHbIX MHTEPIENKHOB B 0CTpoM nepuoge NHO.
BrisiBneHa cBsisb cogepxanms IL-1pB, IL-6 ¢ nHgekcom mMacchl Mvokapaa NeBoro xenyaoyka npu MHS.

BbiBoabl. B OCTpOM nepunoae niemmn4eckoro MHCynbra cogepxaHme MeanaTopos BocnaneHnsa 3aBUCUT OT NaToreHeTUu4eCckoro

noaTuna uHcynera.

Introduction

Stroke is a frequent cause of long-term disability and death
worldwide. Ischemic stroke is more commonly encountered
compared to hemorrhagic stroke, and leads to tissue death
by ischemia due to occlusion of a cerebral artery [1]. Recent
work has shown that post stroke inflammation contributes
significantly to the development of ischemic pathology [2].
The immune response to acute cerebral ischemia is a major
factor in stroke pathobiology and outcome. While the immune
response starts locally in occluded and hypoperfused vessels
and the ischemic brain parenchyma, inflammatory mediators
generated in situ propagate through the organism as awhole
[3]. Works over the past few decades indicate that aspects
of this inflammatory response may in fact be detrimental to
stroke outcome. However, it is difficult to elucidate the pre-
cise mechanisms of the inflammatory responses following
ischemic stroke because inflammation is a complex series
of interactions between inflammatory cells and molecules,
all of which could be either detrimental or beneficial.

The concept of ischemic stroke pathogenetic hetero-
geneity provides a variety of causes and mechanisms of
acute focal brain damage. In this case, common stage at
all ischemic stroke subtypes is only the final one of the
destructive process, while their pathogenesis is different.
Based on pathophysiologic differences of each stroke
subtype it is possible to hypothesize a different pattern
of immune inflammatory activation in relation of ischemic
stroke subtype [4].

Variable cytokine status at ischemic stroke subtypes was
studied in several works. In particular, low immuno-inflam-
matory profile of acute lacunar infarct (LAC) and the high
immuno-inflammatory profile of Large Artery Atherosclerosis
(LAAS) and particularly of cardioembolic infarct (CEI) were
demonstrated [5]. Although other studies have shown that
among recent LAC patients, IL-6 and TNF receptor concen-
trations predict risk of recurrent vascular events, and they
are associated with the effect of antiplatelet therapies [6].
However, despite the large number of studies devoted to

Table 1. The distribution of ischemic strokes subtypes according to the severity
of neurological deficit, abs., %

Stroke subtypes

Stroke severity

Minor Moderate Moderate\ Severe
Severe
CEIl (n=125) 26 (20.8 %) 52 (41.6%) 38 (30.4 %) 9(7.2%)
LAAS (n=119) 27 (22.7%) 53 (44.5%) 35(29.4 %) 4(3.4%)
UDE (n=116) 40 (34.5%) 59 (50.9 %) 13 (11.2%) 4(3.4%)
LAC (n=122) 45 (36.9%) 70 (57.4 %) 7(5.7%) -
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this issue, the role of different factors affecting the pattern of
cytokine status in acute period of ischemic stroke subtypes
is not completely clarified.

Purpose

The aim of this study was to assess a different pattern of
immuno-inflammatory activation in relation of ischemic stroke
subtypes in acute period.

Material and Methods

Subjects for the present analysis (four hundreds and eighty
two patients) were selected from an ongoing prospectively
collected cohort of patients with ischemic stroke subtypes,
admitted to the neurological departments in Ternopil Regional
Communal Clinical Psychoneurological Hospital. Among
them there were (279 (57.9 %) male and 203 (42.1 %) female
patients. Diagnosis of ischemic stroke subtype was based
on the mechanism of its development according to TOAST
criteria (2015). Totally there were 125 patients with CEl (an
average age (69.6+1.4) years old), 119 patients — with LAAS
(an average age (65.7+1.5) years old), 116 patients with
Stroke of Undetermined Etiology (UDE) (an average age
(60.7£0.8) years old) and 122 patients with LAC (57.4+1.6)
years old).

Patients were included if they presented with verified di-
agnosis of ischemic stroke based on non-contrast computed
tomographic scan (NCCT) or magneto-resonance imaging
(MRI). The patients were followed up in acute period after
hospitalization on the 1, 7" and 14" day of the disease. Ex-
clusion criteria were as follows: (1) the presence of repeated
ischemic strokes and impaired consciousness deeper than
sopor (according to Glasgow scale less than 9-10 points), (2)
chronic heart failure 11 B — 11l stages, IIl or higher functional
class by New York Heart Association (NYHA), (3) chronic
kidney disease (filtration rate <60 mL/min).

Two age categories of patients were studied. The first
one included 216 patients at the age 45-59 years old (the
first age group). The second one consisted of 266 patients
at the age 60-74 years old (the second age group). All the
patients were performed general clinical and clinical neuro-
logical examination (with determination of the neurological
deficit degree according to the National Institutes of Health
Stroke Scale (NIHSS) (Odderson I. R., 1999). Based on
NIHSS all strokes were divided into: minor (score 1-4)— 138
(28.6 %), moderate (score 5-15) — 234 (48.5 %), moderate\
severe (score 15-20)—93 (19.3 %) and severe stroke (score
21-42) — 17 (3.5%) patients. The distribution of ischemic
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strokes subtypes according to severity of neurological deficit
is represented in Table 1.

All patients underwent either CT scan (Astelon 4, Toshi-
ba) or MRI (Simens, MagnetomAvanto, 1.5 Tl) in order to
confirm the diagnosis of stroke and determine infarct’s local-
ization and volume. According to the results all the patients
were divided into 3 groups: small infarct (up to 10 sm®)—161
(33.4 %), medium infarct (10-100 sm?®) — 235 (48.8 %), large
infarct (>100 sm?®) — 86 (17.4 %) patients.

Early neurological deterioration (END) was observed in
15.2% of patients with CEI (mainly due to the hemorrhagic
transformation), in 22.7 % of patients with LAAS (due to
infarct zone formation, cerebral edema and recurrent cere-
bro-vascular events), in 11 (9.6 %) patients with UDE and
10 (8.2 %) patients with LAC.

Ultrasound scanning of extra cranial and intracranial
vessels by means of Philips Human Development Index
(HDI) and Echo Doppler cardiography by means of «Bio-
medica» (Japan) were performed. The type of left ventricle
(LV) geometry was determined in accordance with the recom-
mendations of the European Society of Hypertension (2007).

Systemic inflammatory response was evaluated accord-
ing to the level of pro-inflammatory interleukins (IL-1B, IL-2,
IL-6, IL-8, C-reactive protein (CRP), tumor necrosis factor
(TNF-a)) and anti-inflammatory interleukin IL-10 in serum by
means of enzyme-linked immune sorbent assay (ELISA) —
method («Vector-Best», Russia). The control group (CG)
consisted of 42 people, representative by age and sex in
relation to the patients with brain infarction: 23 male and 19
female at the age of 45 up to 71 years old. The average age
of patients in CG was (60.7+2.1) years. Statistical analysis
of the results was made by means of IBM SPSS Statistics
using Wilcoxon-Mann-Whitney U-criterion (for independent
samples), Wilcoxon t-test (for dependent samples) and factor
of pair linear correlation (r) by Spearman.

Results and Discussion

Analysis of cytokine status in patients with ischemic stroke
subtypes showed the growth of inflammatory interleukins’
level at LAAS, which was probably due to the age and degree
of neurological deficit in patients of this cohort (Table 2).

Original research

It could be also due to the fact that chronic systemic inflam-
matory conditions, such as atherosclerosis, diabetes and
obesity are associated with increased risk of stroke, which
suggests that systemic inflammation may contribute to the
development of stroke in humans. The level of IL-2, IL-6
and CRP among these patients was significantly higher
compared with ischemic stroke other subtypes.

The level of IL-1B, IL-2, IL-6, IL-8 at UDE stroke was
significantly lower compared to other ischemic stroke sub-
types. The relationship between the concentration of IL-18
and IL-6 with the severity of ischemic stroke subtypes was
established. At LAAS the relationship between stroke seve-
rity and concentration of IL-18 was (r=0.63, p=0.005), with
IL-6 - (r=0.71, p=0.002); at CEI — (r=0.58, p=0.006) and
(r=0,63, p=0.003); at UDE stroke — (r=0.53, p=0.005) and
(r=0.59, p=0.009), respectively. At LAC strong correlation
was found only with IL-1B (r=0.69, p=0.002). The level of
anti-inflammatory cytokine IL-10 at LAAS was significantly
lower compared to UDE and LAC. Probably the high level
of IL-10 plays a protective role in inflammation limiting at
LAC and UDE. Despite the lack of correlation between the
level of IL-6, TNF-a and severity of LAC, the study proved
that its high level contributes to END. At the same time,
a protective effect of IL-10 in the functional prognosis at
LAC and its association with END was found. There was a
significant moderate correlation between the level of IL-10
and END at LAC, which coincided with the results of other
studies, that established the increased infarct’s volume on
MRI and worsening of neurological symptoms in patients
with subcortical and LAC strokes at lower levels of IL-10.

The level of TNF-& was significantly higher in patients
with CEI compared to LAC, but not significantly different
from the values of patients with LAAS and UDE. There was
a significant difference in the levels of TNF-d in patients
with LAC compared with patients with LAAS and UDE. The
level of CRP at LAC was significantly lower compared with
patients with other ischemic stroke subtypes. The level of
CRPincreased greatly at LAAS. It was established that small
LAAS stroke (up to 10 cm?®) was associated with significantly
higher level of CRP (p<0.05) compared with LAC (despite
the almost identical stroke volumes): (27.61+0.52) mg/l.
These data indicate less impact of CRP on the pathogen-

Table 2. Cytokine status at ischemic stroke subtypes on the 1t and 7™ day (M m)

Index Control group Day Ischemic stroke subtypes
UDE, (n=82) LAAS (n=61) CEl (n=72) LAC (n=59)
IL-1B, ng/I 2.31+0.40 1-rst 14.62+0.52* 20.90£0.97 17.64+0.45 19.02+0.54
7-th 12.24+0.43 19.40£0.85 18.02+0.52 12.1540.61
IL-2, ng/l 2.84+0.22 1-rst 10.81+0.53* 19.22+0.81* 16.17£0.73 14.92+0.75
7-th 8.95+0.68* 17.61+0.75 16.07+0.65 14.92+0.75
IL-6, ngll 2.75£0.30 1-rst 4532+1.03* 103.24+2.88* 75.87+1.70* 64.00+1.15*
7-th 40.05+3.85 94.87+6.69* 67.24+6.11* 45.29+3.28
IL-8, ngll 3.12+£0.41 1-rst 13.15+0.67* 48.10+1.29 45.54+0.83 30.72+0.96*
7-th 13.15+1.67* 43.07+5.11 41.65+4.29 21.34+1.83*
IL-10, ng/l 5.91+0.20 1-rst 6.33+0.20 5.70+0.15* 5.91+0.18 6.24+0.22
7-th 6.05£0.15 5.42+0.12 5.54+0.18 6.08+0.24
CRP, mg/l 1.45+0.02 1-rst 18.80+0.63* 4354+1.45* 38.4310.92 12.33+0.74*
7-th 14.17+0.59* 37.18+1.26 35.4911.32 10.42+0.68*
TNF-&, ng/l 2.26+0.13 1-rst 25.70+1.24 2521+1.23 28.23+1.12 22.80+1.41*
7-th 22.14+1.13 23.67+1.58 26.95+1.46* 20.55+1.37

* reliable performance in relation to the values of patients with other stroke subtypes (p<0.05); the underlined figures are significantly different compared with those on the 15 day
(p<0.05).
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esis of LAC compared with other cytokines, including IL-6
and IL-10.

Clinical-immune biochemical comparing study of cyto-
kines variable level on the 7" day of stroke was performed.
As it is considered that inflammatory responses play an
important role in infarct formation, it can take several days.
Therefore, it was important to assess not only the initial
level of pro-inflammatory mediators that may be caused by
genetic activity of the immune system, but also their further
changes within 7 days when inflammatory reactions reach
the maximum of their development.

Significant decrease (p<0.05) of IL-1B, IL-2, IL-6, IL-8,
TNF-4 levels and unremarkable decrease of IL-10 was es-
tablished compared to the first day. The level of CRP did not
differ significantly in relation to baseline values. Increased
level of CRP and decreased level of anti-inflammatory
cytokine IL-10 during the acute period of ischemic stroke
proved activation of inflammatory response acute phase
on the background of anti-inflammatory cytokine regulation
factors suppression.

Significant decrease (p<0.05) of all studied inflam-
matory parameters in two age groups on the 7" day of
ischemic stroke was established. There was no significant
correlation between the concentration of IL-1p, IL-2, TNF-&
and patients’ age. The level of IL-6, IL-8 and CRP was sig-
nificantly (p<0.05) higher in elderly patients compared with
middle-aged patients. On the 7" day of stroke the level of
IL-10 in middle-aged patients was significantly higher com-
pared with elderly patients. This indicates strong imbalance
between pro-inflammatory and anti-inflammatory cytokines
during the first days of ischemic stroke acute period in elderly
patients that can lead to increased inflammation in infarct
zone and damage of brain tissue.

The cytokine status correlated with the degree of ischemic
stroke severity. On the 7" day compared to the first one sig-
nificantly reduced level of IL-1B, IL-2, IL-6, IL-8, CRP, TNF-a
(p<0.05) was observed in patients with minor ischemic stroke,
that may indicate a favorable disease course. At moderate
ischemic stroke significantly decreased the level of IL-1( and
TNF-&. At moderate/severe ischemic stroke inflammatory
changes in the infarct zone continued to abstain. The average
level of cytokine IL-10 in patients with minor ischemic stroke
significantly did not differ from that one in control group. At
severe ischemic stroke the level of IL-10 remained significantly
(p<0.01) lower compared with that one at minor stroke and
in control group. There was a significant decrease of IL-1,
IL-2, IL-6 and IL-8 in patients with minor stroke (p<0.05). At
large strokes, there was no significant positive dynamics in
level of pro-inflammatory cytokines.

Significant reduction of the level of IL-1B, IL-2, IL-6,
IL-8, CRP and TNF-& was found in patients without END.
The concentration of IL-10 on the 7" day of stroke was sig-
nificantly higher in patients without END. The contribution of
cytokines, including IL-6 and TNF-q, into END at ischemic
stroke can be realized by improving the adhesion of white
blood cells, causing microvascular obstruction, increasing
infarction and deepening brain tissue damage. In addition,
during the acute period of ischemic stroke progression of
secondary damage zone with subcritical perfusion (ischemic
penumbra), high risk of cerebral infarction on the background
of insufficient production of protective factors, including the
level of pro-inflammatory cytokine IL-10, is possible. This is

one of the main factors that lead to the activation of inflam-
matory reaction and creates background for early negative
dynamics in neurological status [7].

Depending on ischemic stroke subtype, it has been
found that the concentration of IL-1f and IL-8 was signifi-
cantly decreased only at LAC. IL-2 significantly reduced
in dynamics at LAC and LAAS. Especially high level of
IL-2 was observed at CEl, accompanied by hemorrhagic
transformation. We found unremarkable decreasing of IL-6
level in patients with CEl and UDE. The study revealed
significantly lower concentrations of IL-6 in dynamics on
the 7" day of stroke at UDE. However, the level of IL-6
was significantly decreased only in patients with minor or
medium infarction. There were no significant differences
between the content of IL-6 on the 1% and 7™ day at large
volume UDE. Significantly lower rates of IL-6 were ob-
served at LAC. The level of IL-10 on the 7" day of CEl and
UDE declined and was significantly lower compared with
the patients of control group. The variable level of IL-10
at LAC and UDE did not significantly change and did not
differ from the values of control group patients. Our study
reaffirms the idea of an imbalance between pro-inflam-
matory and anti-inflammatory cytokines, which may occur
in some ischemic stroke subtypes. The content of TNF-&
significantly reduced at LAC and UDE. The level of CRP at
all ischemic stroke subtypes remained significantly higher
than in patients of control group.

Significant decline of the level of CRP was observed at
UDE, LAAS and LAC. The concentration of CRP was sig-
nificantly higher at LAAS and CEI compared with LAC and
UDE. This fact points to the important role of inflammation
in the acute period of CEl and LAAS. The severity of state
on the 14" day of stroke correlated with the concentration
of CRP on the 1%t day at LAAS (r=0.73, p=0.003) and CEI
(r=0.71, p=0.002). We also found the correlation between
the severity of LAAS on the 7 day and the level of CRP on
the 1%t day (r=0.58, p=0.011). The result of studies showed
that the high content of CRP may be a marker of unfavorable
course of acute period at LAAS and CEI. CRP is one of the
important factors that play role in all stages of atherosclero-
sis with atherosclerotic plaque formation in occurrence and
progression of acute ischemic stroke [8].

The literature provides various data on the prognostic
value of CRP for ischemic stroke subtypes. It has been
shown that elevated levels of high sensitivity (hs) CRP
associated significantly with all stroke subtypes classified
according to Trial of ORG 10172 in Acute Stroke Treatment
classification except for lacunar stroke and stroke of other
determined etiology. Hs-CRP is an independent prognostic
factor of poor outcome within 3 months. Although other
studies have shown that hs-CRP levels predict the risk of
recurrent strokes and other vascular events did not predict
the response to dual antiplatelets [9] and can be independent
predictor of poor prognosis in younger patients [10].

In the acute period of LAAS we found correlation
between the degree of atherosclerotic lesion of cerebral
magistral arteries (CMA) and the severity of inflammatory
changes, including the content of CRP. The level of CRP
at LAAS correlated with artery stenosis degree r=0.33
(p<0.05), the presence of unstable atherosclerotic plaque
r=0.6 (p<0.05). In patients with one atherosclerotic plaque
the level of CRP on the 1% day of stroke was significantly
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Table 3. Cytokine status on the 1 day of undetermined stroke according to the type of left ventricular remodeling (M+m)

Parameter Type of heart remodeling
Normal left ventricular geometry, Concentric hypertrophy, Eccentric hypertrophy, Concentric remodeling,
(n=14) (n=25) (n=23) (n=20)

IL-1B, pg\l 10,31+0,49* 14,95+0,56 14,35+0,67 12,53+0,48

IL-2, pg\l 8,56+0,68 9,89+0,70 9,94+0,54 9,06+0,82

IL-6, pg\l 37,25+2,31 46,1812,44* 41,16+2,00 38,12+1,85

IL-8, pg\l 12,95+0,90 14,08+1,13 13,65+1,86 12,22+1,05

IL-10, pg\l 6,41+0,12 5,93+0,14 6,09+0,15 6,32+0,17

CRP, mg/l 14,65+0,34 19,22+0,41* 15,33+0,36 15,08+0,42

TNF-4, pg\l 24,39+0,78 26,45£1,21 25,88+1,17 24,66+0,85

*: reliable performance in relation to other types of remodeling (p<0.05).

lower than in patients with multiple atherosclerotic plaques:
(18.06+1.20) mg/l (22.71+1.52) mgl/l, respectively.

An important criterion for severity of atherosclerotic
process is the thickness of complex intima media (CIM).
We made the analysis of the correlation between the
thickness of CIM and the level of CRP. On the 1% day of
ischemic stroke we found a weak correlation between
these indexes (r=0.24, p=0.040). On the 7" day of stroke
we found marked strengthening of correlation (r=0.38,
p=0.025). The highest correlation between the thickness
of CIM and level of CRP was observed on the 7" day of
LAAS (r=0.42, p=0.015).

In the acute period of ischemic stroke we found cor-
relation between the level of CRP and the presence of
unstable atherosclerotic plaques. In patients with stable
atherosclerotic plaques the level of CRP was (40.12+0.94),
with unstable — (46.35+0.89) mg/l. This fact indicates the
role of CRP in formation of unstable atherosclerotic plaques.

The level of pro-inflammatory cytokines IL-18, IL-6 and
CRP in acute period of UDE correlated with left ventricle
geometry. The highest content of these cytokines was ob-
served in patients with concentric left ventricular hypertrophy
(Table 3).

Significant correlations between left-ventricular myocar-
dial mass index (MMI) and the level of IL-18 on the 15 and
7" day of UDE ((r=0.30, p=0.025) and (r=0.40, p=0.012)
respectively) and the level of IL-6 on 1%t day — (r=0.50,
p=0.020). The results of study indicate that pathological
cardiac remodeling (particularly concentric hypertrophy) as
a result of hypertension may occur as a result of increased
synthesis of IL-6 due to pathological changes in myocardium.
Although, in general, the levels of IL-10 in patients with UDE
were not significantly different from the values of patients in
control group, we found correlation of this type of cytokine
with the type of left ventricular remodeling. On the 15 day of
UDE the content of IL-10 was significantly lower in patients
with concentric left ventricular hypertrophy compared with
patients with normal geometry and concentric left ventricular
remodeling (p<0.05). We found correlation between the level
of IL-10 on the 1%t day of ischemic stroke with left ventricular
MMI (r=-0.43, p=0.009).

Conclusions

1. The level of pro-inflammatory cytokines increases in
the acute period of ischemic stroke subtypes. These changes
are the most remarkable at LAAS and CEI.

2. At LAAS, the level of inflammatory mediators cor-
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related with the degree of artery stenosis and presence of
unstable atherosclerotic plaques. We found a direct rela-
tionship between the severity of LAAS and CEl on the 14"
day of stroke and the level of CRP on the 1% day of stroke
(at LAAS - (r=0.73, p=0.003), at CEl - (r=0.71, p=0.002).
The results of the study revealed the prognostic value of
the level of CRP on the course of acute period of ischemic
stroke subtypes.

3. We found the dependence between cardiac morpho-
metric parameters (according to the results of echo Doppler
cardiography) and the level of pro-inflammatory interleukins
in acute period of UDE. We established the strong correla-
tion between the content of IL-1f, IL-6 and left ventricular
myocardial mass index at UDE.

The perspectives of further scientific research in-
clude design of new methods for cytokine status correction
depending on the brain infarction subtype.
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