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The purpose of this study was to determine the most informative parameters of the brain bioelectrical activity spectral analysis
for the functional outcome of cerebral ischemic supratentorial stroke (CISS) acute period prediction.

Materials and methods. Prospective, cohort and comparative study was conducted among 103 patients in CISS acute period
(61 men and 42 women, mean age was 67.7 + 0.8 years). Electroencephalographic study was conducted on the 2*-3* day of
the disease with the use of 19-channel electroencephalographic scanner. The values of absolute spectral rhythm power of delta
(0.5-4.0 Hz), theta (4-8 Hz), alpha (8—13 Hz), beta (13-35 Hz), theta1 (4—6 Hz), theta2 (6-8 Hz), alpha1 (810 Hz), alpha2 (10-13
Hz), beta1 (13-25 Hz) and beta2 (25-35 Hz) bands in the affected hemisphere (AH) and intact hemisphere (IH) were determined.
The relative spectral rhythm power (RSRP), fronto-occipital rhythm gradient (FORG) and the severity of interhemispheric rhythm
asymmetry (IHRA) were calculated. The functional outcome of the disease acute period was assessed on the 21st day on
the basis of the modified Rankin Scale (mRS), while the value of mRS score >3 was considered as an unfavourable functional
outcome.

Results. Unfavourable functional outcome of the CISS acute period was registered in 46 (44.6 %) patients. In accordance with
the data of multivariate regression analysis it was determined that RSRP of delta band in the IH (OR 95 % CI = 1.31 (1.13-1.52),
P =0.0004), FORG of alpha band in the AH (OR 95 % CI = 29.07 (1.86-455.15), P = 0.0224) and IHRA of alpha band (OR 95 %
Cl =0.01 (0.0001-0.80), P = 0.0402) were independently associated with functional outcome of the CISS acute period. The
RSRP of delta band in the IH > 18.4 % (Se = 87.0 %, Sp =87.7 %, AUC 95 % Cl = 0.94 (0.87-0.98), P < 0.0001), FORG of alpha
band in the AH >-0.066 (Se = 67.4 %, Sp = 70.0 %, AUC 95 % CI = 0.74 (0.65-0.82), P<0.0001) and IHRA alpha band <-0.066
(Se =60.9 %, Sp =70.2 % AUC 95 % CI = 0.66 (0.56-0.75), P < 0,0039) were the optimal cut-off values as for the unfavourable
functional prognosis of CISS acute period.

Conclusions. The RSRP of delta band in the IH, FORG of alpha band in the AH and the IHRA of alpha band are the most
informative parameters of the brain bioelectrical activity spectral analysis for the prediction of the functional outcome of cerebral
ischemic supratentorial stroke acute period.

MporHo3yBaHHA GYHKLiOHAAbLHOTrO BUXOAY FOCTPOro nepioay MO3KOBOrO iliemMiyHOro
cynpaTeHTopPiaAbHOro iHCYAbTY Ha NIACTaBi CNEKTPaAbHOrO aHaAi3y GioereKTpUuHoOI
AKTUBHOCTi FOAOBHOTO MO3KY

A. A. Ky3HeLoB

MeTa po60oTH — BU3Ha4NTV HabiNbLL iHhOpMaTVBHI NapamMeTpy CNeKTpanbHOro aHaniady 6ioenekTpU4HOI akTUBHOCTI FONIOBHOMO
MO3KY A7151 MPOrHO3yBaHHS (PYHKLIIOHANBHOrO BUXOZY rOCTPOro Nepiofy MO3KOBOTO iLLEeMIYHOTO cynpateHTopiansHoro iHcynsty (MICH).

Marepianu Ta meTogu. BukoHanu npocnekTvBHe, KOropTHe, NopiBHsANbHe JocnimkeHHs 103 nauieHTiB y roctpomy nepiogi MICI
(61 qonoBik i 42 xiHku, cepeHin Bik— 67,7 + 0,8 poky). PiBeHb HeBponoriyHoro fediunTy ouiHiosanu 3a National Institute of Health
Stroke Scale. EnektpoeHuedanorpadiyHe AOCTIMKEHHS BUKOHANM Ha 2—3 100y 3axBoptoBaHHs. OKpeMo Ans ypaxeHoi niBkyi
(YN) i HeypaxeHoi niBkyni (HM) BcTaHOBMOBaNM 3Ha4eHHst abCOMOTHOI CNEeKTparbHOT MOTYXHOCTI, BIHOCHOT CNEKTpanbHOI No-
TyxHocTi putmie (BCMP) penera (0,54 'u), Teta (4-8 I'u), anbda (8-13 I'y), 6eta (13-35 'u) pianasonis, Tetal (4-6 'u), Teta2
(6-8Tw), anbbal (8-10Tu), anbha2 (10-13 'u), 6etal (13-25 u) Ta beta2 (25-35 'u) nipaianasoHis, @ TAaKOX NOBHO-MOTUNUYHI
rpagienTn (JNIP) i BUpaxeHicTb MixniBkynbHOI acumeTpii putmis (MITAP). ®yHkuioHaneHuin Buxig roctporo nepiogy MICI oui-
HioBanu Ha 21 foby 3axBoproBaHHS 3a MOAMIKOBaHO LuKanok PeHkiHa (MLUP), npu LboMy HECTIPUATIIMBUM (DyHKLIOHANBHUM
HacnigkoM BBaXkanu 3Ha4yeHHs >3 6anu 3a MLLUP.

Pesynkrati. Hecnpustnveuii dyHKUiOHanbHWA BUXIA 3apeecTpysanu y 46 (44,6 %) nauieHTis. Ha nigctasi MynksT1BapiaHTHOrO
OMCTUYHOTO PErpecinHOro aHanidy BU3Ha4YeHO NapameTpu CrekTpanbHOro aHanidy enekTpoeHuedanorpadivyHoro natepHy, ski
He3anexHo acouiioBaHi 3 pyHKLioHanbHUM Bixogom roctporo nepiogy MICI: BCIP aenkra-gianasony 1M (BLU 95 % Al = 1,31
(1,13-1,52), p = 0,0004), MNP ansa-gianasony Y (B 95 % Al = 29,07 (1,86-455,15), p = 0,0224) Ta MINAP anba-ai-
anasony (BLU 95 % Al = 0,01 (0,0001-0,80), p = 0,0402), npu LOMY ONTUMANBEHUMKM TOYKaMW BIifCIKaHHS 3HAYEHb Ha3BaHNX
nokasHwKiB Ans Bepudikauii (yHkuioHansHoro nporHo3y € BCIMP gensra-gianasony 1M > 18,4 % (Se = 87,0 %, Sp = 87,7 %, AUC
95 % [I = 0,94 (0,87-0,98), p < 0,0001), NMIP anbdha-aianasoHy Y >-0,066 (Se = 67,4 %, Sp = 70,0 %; AUC 95 % [il = 0,74
(0,65-0,82), p < 0,0001) Ta MMAP anbca-gianasony <-0,066 (Se = 60,9 %, Sp = 70,2 %, AUC 95 % [l = 0,66 (0,56-0,75),
p <0,0039).

BucHoBkuM. HaiibinbLw iHhopmMaTMBHAMK NapameTpamm CriekTpanbHOro aHanisy GioenekTpuyHOi akTUBHOCTI FONOBHOTO MO3KY
[NS BU3HAYEHHSs! (DyHKLOHaNbHOro NPOrHo3y 3aBepLueHHs rocTporo nepiogy MICI e BigHOCHa crnekTpanbHa NoTYKHICTb pUTMIB
AenbTa-fianasoHy iHTaKTHOI NiBKyMi, MOBHO-NOTUNWMYHWIA FPaAIEHT PUTMIB anbda-Aiana3oHy ypaxeHoi niBkymi Ta MikMiBKyrbHa
acuMeTpis puTMiB anbga-aianasoHy.
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KatoueBble cAoBa:

nporHo3upOBaHue (byHKI.I.VIOHaI\bHOI'O Ucxoaa oCTporo nepuoaa mMmo3rosoro o
MHbAPKT MO3ra,

ULLeMHUYeCKoro cynpateHTopuaAbHOro MHCyAbtTa Ha OCHOBaHUU CNEKTPaAbHOIo aHaAu3a

. INEKTPOIHLIEPANo-
6M03NEKTPUUECKOM AKTUBHOCTU FOAOBHOIO MO3ra rpadus,
MPOrHo3.
A. A. Ky3HeuoB
Llenk pabotbl — onpeaenuTb Hanbonee MHopMaTUBHbIE NAapaMETPbI CIEKTPaNbHOTO aHann3a G1I03NEKTPUHECKO aKTUBHOCTU  3anopoxckuii
FONOBHOMO MO3ra Ans MPOrHO3MPOBaHKA (hyHKLMOHABHOTO CX0AA OCTPOrO NEepuofa MO3roBOrO WLLIEMUYECKOTO CynpaTeHTopK- MeA"“""“g’(‘)’is
)KypHan. - L -
anbHoro uHcynsta (MUCH). T. 20, Ne 3(108). -
C.324-329

Matepuansi u metofbl. [poBeaeHo NpoCNeKTUBHOe, KOTOPTHOE, CpaBHUTENbHOE 1ccnenoBaHne 103 nauueHToB B OCTPOM
nepuoge MUCK (61 myxunHa 1 42 xeHLWHbI, CpepHuii BospacT — 67,7 + 0,8 roga). YpoBeHb HeBpororudeckoro aeduumura
oueHvBanu no National Institute of Health Stroke Scale. OnekTposHuedanorpaduyeckoe nccnegoBaHe NPOBOAMM Ha 2-3
CcyTkn 3abonesaHus. OTaensHO Ans nopaxeHHoro nonywapws (M) u HenopaxerHoro nonywwapus (HIM) onpenensnm sHave-
HWSt aBCOMIOTHOI CMEKTPanbHOM MOLLHOCTW, OTHOCUTENBHOW cnekTpansHoi MowHoctu putMoB (OCMP) penbta (0,5-4 Tw),
TeTa (4-8 I'y), anbda (8-13 I'u), bera (13-35 I'u) amanasoHos, Tetal (4-6 'u), Teta2 (6-8 I'u), anbdpal (8-10 My), anbca2
(10-13 T'w), Getal (13-25 I'y) n 6eTa2 (25-35 L) NoaAMaNa3oHoB, a Takke NOBHO-3aTbINouHbIe rpaguneHTsl (JI3TP) 1 BblpaxeH-
HOCTb MeXnonyLuapHoii acummeTpumn putMos (MIMAP). ®yHkuUMoHanbHbIA nexon octporo nepuoaa MUCK ouennBanm Ha 21 cyTku
3abonesaHusi No MoaMGULMPOBaHHON Lkane PaHkuHa (MLLP), npy 3ToM B kadecTe HeBNaronpusiTHOro goyHKLMOHabHOro nexopa
paccmartpveani 3HaqeHue >3 6anna no MLUP.

Pesynbratbl. OTHOCUTENBHO HEGNaronpuATHLIN (OYHKLMOHANbBHBIA UCXOA 3aperncTpuposaH y 46 (44,6 %) naumeHToB. Ha
OCHOBaHUW MyIETUBAPUAHTHOMO NMOMUCTUYECKOTO PErPECCHOHHOMO aHanuaa onpeaenunu napameTpbl ClekTparbHOro aHanuaa
O3r-natTepHa, KOTOPbIE HE3ABMCYMO aCCOLMMPOBAHBI C DYHKLIMOHABHBIM 1exogom ocTporo neproga MUCK: OCMP penkra-au-
anasoHa MM (OLW 95 % AW = 1,31 (1,13-1.52), p = 0,0004), N3P anbcha-ananasona M (OLL 95 % AW = 29,07 (1,86-455,15),
p = 0,0224) n MMNAP anba-ananasona (OLL 95 % AW = 0,01 (0,0001-0,80), p = 0,0402), npu 3ToM oNTUMarbHLIMK TOYKaMU
OTCEYEHMS 3HAYEHNI YKa3aHHBIX Noka3saTene 4n1s BepudukaLmmn dyHKLMOHanbLHoro nporHoaa Beictynator OCMP pensra-guana-
30Ha MM >18,4% (Se = 87,0 %, Sp =87,7 %, AUC 95 % V1 = 0,94 (0,87-0,98), p < 0,0001), N3P anbcha-ananasona N >-0,066
(Se =67,4 %, Sp = 70,0 %; AUC 95 % OV = 0,74 (0,65-0,82), p < 0,0001) n MIMAP anbcha-gnanasoHa <-0,066 (Se = 60,9 %,
Sp =70,2 % AUC 95 % i = 0,66 (0,56-0,75), p < 0,0039).

BbiBoabI. Hanbonee nHdopmaTtnBHbIe NapaMeTpbl CekTpasibHOro aHanuaa 61MoaneKTpuYecko akTMBHOCTM FONIOBHOTO MO3ra

A71s onpefeneHust hyHKUMOHaNBLHOTo NporHo3a nexoga octporo nepuoga MUCHK: oTHocuTenbHas cnekTparbHasi MOLLHOCTb
PUTMOB O-AManasoHa VHTaKTHOrO NomyLUapust, OGHO-3aTbINOYHbINA IPaANEHT PUTMOB O-AyanasoHa NopPaXeHHOro NonyLlapust

1 MexnonyLlapHaa aCUMMETpUA pUTMOB a-Ananas3oHa.

Introduction

Cerebral ischemic supratentorial stroke (CISS) as the most
common form of cerebrovascular pathology is a global
problem of modern times. Its special medical and social
significance is due to the leading positions in the structure
of death and disability causes in most countries of the world
[1-3]. One of the most appropriate means to improve
the effectiveness of treatment activities in patients with CISS
is a differentiated approach development for the optimal
tactics selection on the basis of an individual prognosis
[4-5].

All of the mentioned above justifies the necessity
of brain damage severity objectification at the onset of
CISS. Electroencephalography (EEG) is one of the most
informative methods to study the brain functional state. This
method is highly sensitive to changes in brain bioelectrical
activity that are induced by acute focal ischemia [6-8].
In combination with a millisecond time resolution, that
is impossible to be used in diffusion-mediated magnetic
resonance imaging and positron emission tomography [9],
it explains the fact that EEG has been used for more than
40 years for cerebral ischemia detection during carotid
surgery [10]. Additional advantages of the method are: non-
invasiveness and absence of contraindications. Quantitative
(spectral) analysis of EEG pattern allows increasing
the diagnostic informative value of the method [11-14]. At
the same time, the unified criteria for the determination of
the short-term functional prognosis of CISS acute period
outcome, which take into consideration the results of
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spectral analysis of the brain spontaneous bioelectrical
activity, are currently absent, and the purpose of this study
was to determine the most informative parameters of
spectral analysis of the electroencephalographic pattern for
the functional outcome of cerebral ischemic supratentorial
stroke acute period prediction.

Materials and methods

Prospective, cohort and comparative study was conducted
among 103 patients in CISS acute period (61 men and
42 women, mean age was 67.7 + 0.8 years), who were
hospitalized within the first 24 hours from the onset of
the disease and who did not undergo thrombolytic therapy.

CISS pathogenic subtype was determined in accordance
with the Trial of Org 10172 in Acute Stroke Treatment
(TOAST) criteria [15]. Clinical and neurological study
included the neurological deficit level assessment using
National Institute of Health Stroke Scale (NIHSS) in acute
period dynamics. The visualization of cerebral structures
was made with the help of CT scanner “Siemens Somatom
Spirit” (Germany). The lesion size and the displacement of
brain median structures were assessed.

The study excluded patients with acute cerebral
circulation disorders, craniocerebral injury and epileptic
seizures in the anamnesis, combined with the cerebral
hemorrhage, hemorrhagic transformation of brain infarction,
oncologic and/or decompensated somatic pathology.

Electroencephalographic study was conducted on
the 27-3 day of the disease with the use of 19-channel
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Table 1. Relative spectral rhythm power, fronto-occipital rhythm gradient
and interhemispheric asymmetry values in patients with CISS on the 27-3" day

of the disease, Me (IQR)

Indexes

RSRP of delta band, %
RSRP of theta1 band, %
RSRP of theta2 band, %
RSRP of theta band, %
RSRP of alpha1 band, %
RSRP of alpha2 band, %
RSRP of alpha band, %
RSRP of beta1 band, %
RSRP of beta2 band, %
RSRP of beta band, %

Affected hemisphere

18.0(10.1; 34.9)
10.7 (7.2; 14.4)
12.6 (8.2;17.5)
24.4 (18.1; 30.6)
16.8(9.9; 25.2)
8.3(5.4;132)
27.2 (17.0;41.6)
14,5 (8.8; 22.1)
35(19;6.3)
18.6 (10.9; 29.0)

Intact hemisphere

17.3(102; 26.3)
9.7 (6:6;12.7)
116 (8.0;19.2)
21.9(16.9; 32.3)
18.1 (125, 28.0)
9.5(6.3; 15.6)
317 (225,43.2)
14.8(9.1; 22.8)
32(1.7;54)
18.6 (11.8; 28.6)

FORG of delta band 0.053 (-0.152; 0.192) 0.047 (-0.091; 0.171)
FORG of theta1 band 0.135 (-0.055; 0.296) 0.112 (-0.022; 0.228)
FORG of theta2 band 0.040 (-0.122; 0.258) 0.064 (-0.125; 0.205)
FORG of theta band 0.054 (-0.085; 0.240) 0.061 (-0.057; 0.187)
FORG of alpha1 band -0.092 (-0.328; 0.147) -0.163 (-0.366; 0.010)
FORG of alpha2 band -0.038 (-0.229; 0.130) -0.201 (-0.359; 0.020)
FORG of alpha band -0.099 (-0.283; 0.097) -0.203 (-0.396; -0.024)
FORG of beta1 band 0.103 (0.001; 0.283) 0.072 (-0.031; 0.175)
FORG of beta2 band 0.247 (0.066; 0.440) 0.170 (-0.021; 0.371)
FORG of beta band 0.144 (0.037; 0.314) 0.103 (-0.014; 0.217)
IHRA of delta band 0.084 (-0.056; 0.219)

IHRA of theta1 band 0.092 (-0.043; 0.209)

IHRA of theta2 band 0.055 (-0.090; 0.196)

IHRA of theta band 0.065 (-0.041; 0.189)

IHRA of alpha1 band -0.026 (-0.164; 0.123)

IHRA of alpha2 band -0.033 (-0.184; 0.081)

IHRA of alpha band -0.040 (-0.171; 0.102)

IHRA of beta1 band 0.001 (-0.069; 0.106)

IHRA of beta2 band 0.050 (-0.048; 0.206)

IHRA of beta band 0.032 (-0.070; 0.109)

Table 2. The analysis of EEG pattern rhythm structure (%) in patients
with CISS on the 2"-3 day of the disease versus the acute period outcome

of the disease, Me (IQR)

Indexes

RSRP of delta band AH
RSRP of theta1 band AH
RSRP of theta2 band AH
RSRP of theta band AH
RSRP of alpha1 band AH
RSRP of alpha2 band AH
RSRP of alpha band AH
RSRP of beta1 band AH
RSRP of beta2 band AH
RSRP of beta band AH
RSRP of delta band IH
RSRP of theta1 band IH
RSRP of theta2 band IH
RSRP of theta band IH
RSRP of alpha1 band IH
RSRP of alpha2 band IH
RSRP of alpha band IH
RSRP of beta1 band IH
RSRP of beta2 band IH
RSRP of beta band IH

Unfavourable
functional outcome
(n =46)

37.9(30.3;43.4)
114 (8.7; 16.3)
135 (8.7;17.6)
24.9 (22.4;34.1)
10.3 (8.2; 15.5)
57 (4.58.7)
17.3(12.4; 24.3)
11.0 (6.4; 16.6)
23(1.1;5.7)
13.6 (7.7; 22.4)
284 (22.1;39.8)
10.0 (6.8; 13.9)
135 (9.7; 20.0)
25.1 (19.4; 36.2)
14.7 (10.1;21.2)
8.0 (5.7;12.7)
24.9 (17.3;32.0)
10.9 (7.6; 15.6)
20(1.3;3.7)
13.7 (8.9; 18.5)

Favourable
functional outcome
(n=57)

10.1(7.5;14.7)
8.9 (6.4; 13.8)
1.2 (74;14.2)
21.9 (15.1; 26.7)
22.3(17.2;31.6)
13.6 (8.3; 18.0)
40.8 (29.9;47.4)
20.8 (14.4; 26.8)
39(2.2;83)
255 (17.9; 33.8)
9.5(7.1;13.1)
8.5 (6.1; 11.6)
10.1(7.7;14.2)
19.3 (15.8; 24.0)
215 (16.4; 31.0)
14.9 (9.4; 23.0)
40.3 (31.9; 52.5)
19.2 (13.8; 27.1)
42(2.5;6.4)
242 (17.2;32.8)

<0.0001
0.0226
0.2706
0.0196
<0.0001
<0.0001
<0.0001
<0.0001
0.0068
<0.0001
<0.0001
0.1201
0.0727
0.0203
0.0029
0.0005
<0.0001
<0.0001
0.0002
<0.0001
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electroencephalographic scanner “NeuroCom Standard”
(XAl-Medica, Ukraine). Electrodes were placed in
accordance with the international system “10-20". The
oculographic, rheographic and electrocardiographic
artifacts were rejected with the use of software tools
and the Independent Component Analysis (Blind Sourse
Separation Technology) procedure. The 60-second epochs
after artifact rejection were selected for the spectral analysis.
The spectral analysis was carried out with the help of fast
Fourier transform method. The values of absolute spectral
rhythm power of delta (0.5-4 Hz), theta (4—8 Hz), alpha (8—
13 Hz), beta (13-35 Hz), theta1 (4—6 Hz), theta2 (6-8 Hz),
alpha1 (8-10 Hz), alpha2 (10-13 Hz), beta1 (13-25 Hz) and
beta2 (25-35 Hz) bands in the affected hemisphere (AH)
and intact hemisphere (IH) were determined. The relative
spectral rhythm power (RSRP) values of the specified
frequency bands (%) were calculated. To quantify the zonal
differences of the rhythm distribution within AH and IH,
the values of the fronto-occipital rhythm gradient (FORG)
were calculated using the following formula: FORG = (ASRP
in the frontal region —ASRP in the occipital region) / (ASRP
in the frontal region + ASRP in the occipital region). The
severity of interhemispheric rhythm asymmetry (IHRA)
was determined on the basis of the following formula:
IHRA = (ASRP in the AH — ASRP in the IH) / (ASRP in
the AH + ASRP in the IH).

All patients received standard therapy in accordance
with the Unified Clinical Protocol for medical care “Ischemic
stroke (urgent, primary and secondary (specialized) me-
dical care, medical rehabilitation), approved by the order
of the Ministry of Health of Ukraine Ne604 of August 03,
2012. The functional outcome of the disease acute period
was assessed on the 21st day on the basis of the modified
Rankin Scale (mRS), while the value of mRS score > 3 was
considered as an unfavourable functional outcome, whereas
mRS score <3 was considered as a favourable one.

Statistical analysis of the results was carried out using
the software Statistica 6.0 (StatSoft Inc., USA, series
number AXXR712D833214FAN5) and MedCalc (version
16.4). The distribution normality of the studied traits was
estimated in accordance with the Shapiro-Wilk criterion.
Descriptive statistics are presented in the form of M + m for
values with normal distribution and in the form of median
(Me) and interquartile range (IQR) for parameters with non-
normal distribution. To determine the intergroup differences
in the studied characteristics, the Mann-Whitney criterion
was used. Factors that had significant predictive value in
the univariate logistic regression analysis were step by step
included in the multivariate model in order to determine
independent predictors. The cut-off points for independent
predictors with the optimum sensitivity (Se) and specificity
(Sp) were determined on the basis of the ROC analysis.
Statistical significance of results was defined as a P value
<0.05.

Results of the study

Patients with brain infraction in the left hemisphere domi-
nated in the studied cohort (62.1 %). Cerebral ischemic
supratentorial stroke etiologic factors structure in accordance
with TOAST classification was presented as follows: large-
artery atherosclerosis (47.6 %), cardioembolism (18.4 %),
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small-vessel occlusion (20.4 %) and stroke of undetermined
etiology (13.8 %).

The total value in accordance with NIHSS score and
infarct volume on admission constituted 9.0 (7.0; 14.0)

Table 3. Analysis of zonal differences in the EEG-pattern of affected and intact
hemispheres in patients with CISS on the 2"-3 day of the disease versus
the functional outcome of the disease acute period, Me (IQR)

and 20.6 (6.0; 59.2) mL, respectively, septum pellucidum indexes 33{2‘:,?,“9’?,? I: I:?Ctlonal ﬂ‘[’.‘{c":,feb:f, 2‘2?,‘ fonal P
displacement and pineal gland displacement were detected FORG of delta band AH 0.119 (-0.135; 0.315) 0.003 (-0.155; 0.145) 0.0403
in 8 (7.8 %) patients. FORG of theta bandAH ~ 0.171 (-0.044; 0.333) 0.068 (-0.062; 0.225) 0.1124
The results of EEG pattern spectral analysis in patients FORG of theta2 band AH 0.102 (-0.089; 0.354) 0.016 (-0.134; 0.223) 0.1217
with CISS on the 2%-3 day of the disease are shown in FORG of theta band AH 0.187 (-0.040; 0.307) 0.023 (-0.091; 0.214) 0.0545
Table 1 and Table 2. FORG of alpha1 band AH 0.048 (-0.161; 0.215) -0.197 (-0.481; 0.024) 0.0002
Unfavourable functional outcome (mRS score >3 on FORG of alpha2 band AH 0.074 (-0.140; 0.223) -0.126 (-0.301; 0.003) 0.0001
the 21 day of the disease) was detected in 46 (44.6 %) FORG of alpha band AH 0.030 (-0.122; 0.199) -0.168 (-0.415; -0.027) <0.0001
patients. Patients with an unfavourable functional CISS FORG of beta1 band AH 0.212 (0.062; 0.365) 0.052 (-0.033; 0.177) 0.0040
acute period outcome at onset of the disease has a higher FORG of beta2 band AH 0.287 (0.102; 0.494) 0.217 (0.060; 0.424) 0.3393
severity of neurologic deficit in accordance with the NIHSS FORG of beta band AH 0.233(0.075; 0.375) 0.071(0.021; 0.220) 0.0096
(14,5 (10,3; 16,0) versus 7,0 (6,0; 9,0), P < 0.0001) and a FORG of delta band IH 0.045 (-0.078; 0.195) 0.048 (-0.128; 0.148) 0.6320
larger infarct volume (45‘4 (15‘7; 93‘0) mL versus 11,4 (4‘0; FORG of theta1 band IH 0.074 (-0.019; 0.202) 0.148 (-0.024; 0.238) 0.7891
37,1) mL, P = 0.0006). FORG of theta2 band IH 0.039 (-0.093; 0.162) 0.099 (-0.141; 0.275) 0.3228
The analysis of EEG pattern rhythm structure (%) was FORG of theta band IH 0.052 (-0.047; 0.163) 0.068 (-0.064; 0.229) 04733
made in patients with CISS on the 23 day of the disease FORG of alpha? band IH -0.143 (-0.338; 0.017) -0.192 (-0.400; 0.003) 0.6414
versus the acute period outcome of the disease (Table 2). FORG of alpha2 band IH -0.080 (-0.344; 0.106) -0.249 (-0.396; -0.057) 0.0397
The presented data shows that patients with an FORG of alpha band IH -0.117 (-0.385; 0.030) -0.234 (-0.401; -0.095) 0.1170
unfavourable functional outcome of CISS acute period had FORG of beta1 band IH 0.079 (-0.006; 0.201) 0.047 (-0.050; 0.159) 0.2073
higher RSRP of delta band on the 2-3¢ day of the disease FORG of beta2 band IH 0.157 (-0.029; 0.392) 0.179 (-0.010; 0.355) 0.9185
FORG of beta band IH 0.122 (-0.011; 0.250) 0.073 (-0.026; 0.170) 0.3810

(37.9 (30.3; 43.4) % versus 10.1 (7.5; 14.7) % in the AH;
28.4 (22.1; 39.8) % versus 9.5 (7.1; 13.1) % in the IH,
P<0.0001 for both values) and RSRP of theta band (24.9
(22.4; 34.1) % versus 21.9 (15.1; 26.7) % in the AH; 25.1
(19.4; 36.2) % versus 19.3 (15.8; 24.0) % in the IH, P < 0.05

Table 4. Intergroup analysis of IHRA differences versus acute period outcome of

the disease, Me (IQR)

or botnh values) along with lower or alpha ban Indexes Unfavourable functional | Favourable functional P

for both values) along with | RSRP of alpha band

17.3 (12.4; 24.3) % versus 40.8 (29.9; 47.4) % in the AH; S Sl W

(24.9 ((17'3- 32'0)) OAJO versus 40.3 ((31'9- 52.5)) 0/(; in the IH IHRA of delta band 0.108 (-0.093; 0.233) 0.079 (-0.054; 0.186) 0.3529
P< 00001‘ for both VaerS) and RSRP‘ of beta band (13é IHRA of theta1 band 0.124 (-0.016; 0.212) 0.082 (-0.043; 0.205) 0.2706
(7.7: 22.4) % versus 25.5 (17.9; 33.8) % in the AH; 13.7 IHRA of theta2 band 0.014 (-0.092; 0.205) 0.067 (-0.060; 0.191) 05721
(8:9: 18..5) Versus 24.2 (1'7.2. 3'2.‘8) % inthe IH. P < 0.0001 IHRA of theta band 0.059(-0.0420203)  0.065(0.0320175) 08975
for t;oth values). The revealéd changes in RS’RP of alpha IHRA of alpha1 band -0.106 (-0.215; 0.059) 0.032 (-0.114; 0.142) 0.0133
and delta ban dé dominated in the AH, whereas changes IHRA of alpha2 band -0.086 (-0.219;-0.001)  0.015(-0.085; 0.112) 0.0141
in RSRP of beta and theta bands had bilateral character. ::xz:zz: EZ:: g;gg ngsﬁ 3?13‘1)) gg;z Eggzz 8(1);1; ggg:;
Rhythms ,Of alpha and.delta bands dom'n,ated inthe EEG- IHRA of beta2 band 0.090 (-0.034; 0.224) 0.038 (-0.059; 0.175) 0.2537
structure in patients with favourable functional outcome of IHRA of beta band 0,016 (-0.095; 0.121) 0,038 (-0.039; 0.105) 05676
CISS acute period on the 2"-3" days of the disease. IHRA total 0.036 (-0.050; 0.158) 0.052 (-0.075; 0.112) 0.5454

The inversion of negative FORG of alpha, alpha1 and
alpha2 bands in the AH was representative of patients with
unfavourable functional outcome of CISS acute period,
as well as a positive tendency of FORG of delta, beta,
beta1 bands on the 2M-3¢ day of the disease, whereas
the reduction of negative FORG of alpha2 band was
detected in the intact hemisphere (Table 3).

Patients with CISS and unfavourable functional
outcome on the 2™ and 3 day of the disease had IHRA
of alpha, alpha1 and alpha2 bands, which was proved by
negative values of corresponding indexes (Table 4).

Parameters of EEG pattern spectral analysis were
determined on the basis of the univariate logistic regression
analysis. They were associated with the functional outcome
of CISS acute period. Independent interrelation was
determined only for 3 of them: RSRP of delta band in the IH
(OR 95 % CI = 1.31 (1.13-1.52), P = 0.0004), FORG of
alpha band in the AH (OR 95 % CI = 29.07 (1.86-455.15),
P =0.0224) and IHRA of alpha band (OR 95 % CI = 0.01
(0.0001-0.80), P = 0.0402) (Table 5).

Cut-off points for these indexes with optimal sensitivity
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and specificity interrelation were determined on the basis
of the ROC-analysis for functional outcome of the disease
acute period prognosis: RSRP of delta band in IH >18.4 %
(Se=87.0%, Sp=287.7 %;AUC 95 % Cl =0.94 (0.87-0.98),
P < 0.0001), FORG of alpha band in the AH > -0.066
(Se=67.4%, Sp=70.0 %;AUC 95 % CI=0.74 (0.65-0.82),
P <0.0001) and IHRA of alpha band <-0.066 (Se = 60.9 %,
Sp=70.2%;AUC 95 % Cl=0.66 (0.56-0.75), P < 0.0039).

The frequency distribution of unfavourable functional
outcome of the CISS acute period in terms of RSRP of delta
band in the IH, FORG of alpha band in the AH and IHRA of
alpha band is shown in Table 6.

As aresult, the RSRP of delta band in the IH >18.4 %,
FORG of alpha band in the AH >-0.066 and IHRA of alpha
band (Se = 60.9 %, Sp = 70.2 % AUC 95 % CI = 0.66
(0.56-0.75), P < 0.0039) were associated with increased
risk of the unfavourable outcome of CISS acute period 7.0 -
fold (95 % CI 3.7-17.1, P < 0.0001), 2.4 (95 % CI 1.5-3.8,
P =0.0004) and 2.0 —fold (95 % CI 1.3-3.1, P = 0.0022),

respectively.
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Table 5. Dependent and independent predictors of CISS acute period unfavourable
functional outcome (univariate and multivariate models)

Indexes

Admission NIHSS score

Infarct volume

RSRP of delta band AH
RSRP of theta1 band AH
RSRP of alpha1 band AH
RSRP of alpha2 band AH
RSRP of alpha band AH
RSRP of beta1 band AH
RSRP of beta2 band AH
RSRP of beta band AH
RSRP of delta band IH
RSRP of alpha1 band IH
RSRP of alpha2 band IH
RSRP of alpha band IH
RSRP of beta1 band IH
RSRP of beta2 band IH
RSRP of beta band IH
FORG of alpha1 band AH
FORG of alpha2 band AH
FORG of alpha band AH
FORG of beta1 band AH
FORG of alpha2 band IH
IHRA of alpha1 band
IHRA of alpha2 band
IHRA of alpha band

Univariate logistic regression | Multivariate logistic
model regression model

OR (95 % CI) _ OR (95 % CI) _

1.65 (1.37-1.98) <0.0001 1.61(1.15-2.24) 0.0050
1.02 (1.00-1.03) 0.0056

1.20 (1.13-1.28) <0.0001

1.08 (1.00-1.15) 0.0231

0.89 (0.84-0.94) <0.0001

0.78 (0.70-0.88) <0.0001

0.89 (0.85-0.93) <0.0001

0.90 (0.85-0.95) 0.0002

0.87 (0.77-0.99) 0.0337

0.93 (0.89-0.97) 0.0001

1.35(1.21-152) <0.0001 1.31(1.13-152) 0.0004
0.95 (0.92-0.99) 0.0091

0.89 (0.83-0.96) 0.0011

0.93 (0.91-0.97) 0.0001

0.90 (0.85-0.95) 0.0002

0.7 (0.67-0.91) 0.0026

0.93 (0.88-0.96) 0.0002

15.36 (3.39-69.56)  0.0004

34.52 (4.86-245.31)  0.0004

34.91(5.81-209.92) 0.0001  29.07 (1.86-455.15) 0.0224
9.23(1.46-58.17)  0.0180

513(1.08-24.42)  0.0355

0.08 (0.01-0.54) 0.0100

0.09 (0.01-0.81) 0.0319

0.05(0.01-0.43) 0.0067  0.01(0.0001-0.80)  0.0402

Table 6. Frequency distribution of unfavourable functional outcome
of the CISS acute period in terms of RSRP of delta band in the IH, FORG
of alpha band in the AH and IHRA of alpha band

Parameters

RSRP of delta band in IH, %

FORG of alpha-range in AH

IHRA of alpha band

Number Unfavourable functional outcome
of patients | of the CISS acute period (%)

>18.4 47 85.1
<184 56 10.7
>-0.066 48 64.6
<-0.066 55 272
<-0.066 45 62.2
>-0.066 58 31.0

Value
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Discussion

Thus, on the basis of the EEG patterns spectral analysis
comparative analysis it was determined that patients with
the unfavourable outcome of CISS acute period on the 2M—
31 day of the disease had a higher severity of bioelectric
brain activity impairment in affected and intact hemispheres.
This cohort of patients had higher values of RSRP of delta
and theta bands and lower levels of RSRP of alpha and
beta bands, whereas the increase in demonstrated changes
severity was in the affected hemisphere. In addition, patients
with the unfavourable outcome of CISS acute period on
the 2-3" day of the disease had ipsilateral reduction of
zonal rhythm differences of alpha, alpha1 and alpha2 bands,
which was due to a more severe depression of the absolute
spectral power of the specified rhythms in caudal parts
of the affected hemisphere. It was accompanied by
the generation of interhemispheric asymmetry of absolute

spectral rhythm power of alpha band and complied with
the results of other studies.

Thus, in accordance with S. P. Finnigan et al. (2007)
sub-acute delta/alpha power ratio (R = 0.91, P < 0.001) and
relative alpha power (R =-0.82, P < 0.01) were significantly
correlated with 30-day NIHSS score [16]. The study of
R. V. Sheorajpanday et al. (2011) determined that the EEG
pairwise derived Brain Symmetry Index (pdBSI) was
significantly correlated with the modified Rankin Scale (mRS)
score at month 6 (R = 0.46, P < 0.0005) [17]. In accordance
with the data of X. Xin et al. (2017) poor functional outcomes
were associated with higher BSI [18]. Our research studied
the prognostic value of interhemispheric different frequency
bands asymmetry indexes, while independent association
with the functional outcome of CISS acute period was only
determined for IHRA of alpha band. The prognostic value of
FORG of alpha band in the AH on the 23" day of CISS
was proved, which confirms the advisability to define not only
IHRA of alpha band, but also alpha-rhythm zonal differences
in order to prognosticate the functional outcome of the disease
acute period.

It should be noted, that the results of our study revealed
the presence of RSRP delta-range of IH in the spectral
of independent predictors of the unfavourable functional
outcome of CISS acute period. It was also determined
that this index has a higher informative value than IHRA
of alpha band and the FORG of alpha band in the AH for
the determination of a short-term functional prognosis. The
obtained data complies with the results of other studies.
Thus, in the study of G. Assenza et al. (2013), an increase
in contralesional delta band power was mediated by
interhemispheric disconnection providing negative prognosis
in acute stroke [19]. In accordance with M. E. Wolf et al.
(2017), generalized (but not focal) slowing were associated
with clinical deterioration [20]. Thus, the intact hemisphere
dysfunctional severity is also associated with the functional
outcome of CISS acute period.

We determined the following cut-off points for
the values of these indexes with the optimal sensitivity and
specificity level for the functional outcome of CISS acute
period prognosis: RSRP of delta band in the IH > 18.4 %
(Se = 87.0 %, Sp = 87.7 %), FORG of alpha band in
the AH > -0.066 (Se = 67.4 %, Sp = 70.0 %) and IHRA
of alpha band < -0.066 (Se = 60.9 %, Sp = 70.2 %). It is
advisable to use the obtained criteria for the determination
of a short-term functional prognosis as the basis for
the optimization of therapy measures applied to patients
with CISS.

Conclusions

1. The following are the parameters which had the highest
informative value as for EEG pattern spectral analysis on
the 27-3¢ day of CISS and which have an independent
association with the functional outcome of the disease acute
period: RSRP of delta band in the IH (OR 95 % CI = 1.31
(1.13-1.52), P=0.0004), FORG of alpha band in the AH (OR
95 % Cl = 29.07 (1.86-455.15), P = 0.0224) and IHRA of
alphaband (OR 95 % CI=0.01(0.0001-0.80), P =0.0402).

2. Predictors of the unfavourable functional outcome
of CISS acute period were the RSRP of delta band in
the IH > 18.4 % (Se = 87.0 %, Sp = 87.7 %; AUC 95 %
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Cl=0.94(0.87-0.98), P <0.0001; RR (95 % Cl)=7.0 (3.7—
17.1), P <0.0001), FORG of alpha band in the AH > -0.066
(Se=67.4%, Sp=70.0 %; AUC 95 % CI =0.74 (0.65-0.82),
P <0.0001; RR (95 % Cl) = 2.4 (1.5-3.8), P = 0.0004) and
IHRA of alpha band < -0.066 (Se = 60.9 %, Sp = 70.2 %;
AUC 95 % CI = 0.66 (0.56-0.75), P < 0.0039; RR (95 %
Cl) = 2.0 (1.3-3.1), P = 0.0022) on the 2M-3" day
of the disease.

The perspective for the further scientific research
is the criteria of the unfavourable vital outcome of CISS
acute period elaboration on the basis of EEG pattern
spectral analysis.
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