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The main purpose of the study was to verify the diagnostic informative value of the integral evaluation of
the electroencephalographic pattern in patients with spontaneous supratentorial intracerebral hemorrhage (SSICH) on the basis
of the comparison of brain activity changes with clinical and neuroimaging data.

Material and methods. Prospective cohort study of 46 patients in acute period of SSICH was conducted. It included complex
clinical (using Glasgow Coma Scale, Full Outline of UnResponsiveness (FOUR) score, National Institute of Health Stroke
Scale, Intracerebral hemorrhage score) and neuroimaging estimation of cerebral injury severity in the onset of the disease.
Investigation of brain bioelectrical activity was made during first 24—48 hours from the onset with determination of average
absolute spectral rhythm power (AASRP), relative spectral rhythm power (RSRP), fronto-occipital rhythm gradient (FORG) in
the affected hemisphere (AH) and intact hemisphere (IH), interhemispheric rhythm asymmetry values.

Results. On the basis of cluster analysis 2 types of the brain bioelectric activity changes were identified in patients with SSICH.
Type | of EEG pattern was registered in 56.5 % patients, it was characterized by ipsilateral increase of RSRP of d-range
with the dominance of 6-range rhythms in slow-wave activity structure in combination with smoothing of zonal differences of
a-range rhythms in AH, whereas type Il was characterized by bilateral domination of the RSRP &-range with an accentin IH in
combination with FORG inversion of a-range due to elevation of the a2-subrange in the anterior areas of IH. The patients with
type Il of EEG pattern were characterized by ipsilateral increase of RSRP of d-range with the dominance of 6-range rhythms
in slow-wave activity structure in combination with smoothing of zonal differences of a-range rhythms in AH. The patients with
type Il of EEG pattern were characterized by more severe brain impairment (ICH score 3 (2; 4) versus 0 (0; 1), P < 0.0001).
Type Il of EEG pattern was revealed in 94.7 % of patients with medium/severe dysfunction of subtentorial structures (FOUR
score £14), type | —in 92.6 % of patients with low dysfunction or without any dysfunction (FOUR score >14).

Conclusions. Complex analysis of bioelectric activity of the brain in patients with SSICH allows to identify the integral types of
EEG pattern, which represent the functional state of cerebral structures and are associated with the clinical and neuroimaging
criteria of midline shift severity.

AiarHoCcTMUYHe 3HaUYEeHHA iHTerpanbHoi ouiHku EEl-natepHy
B NaLi€HTIB Y rocTPOMY nepioAi CNOHTAHHOrO0 CynpaTeHTOpiaAbHOro
BHYTPiLLHLOMO3KOBOIr0 KPOBOBUAUBY

A. A. Ky3Heuos

MeTa po60TH — BU3HA4NTK iarHOCTUYHY iHDOPMATMBHICTb iIHTErpanbHOI OLiHKW enekTpoeHLedanorpadivHoro (EENN) natepHy
B MaLEHTIB 3i CMOHTAHHUM CynpaTeHTopianbHUM BHYTPILLIHBOMO3KOBUM kpoBoBunBoM (CCBMK) Ha niacTtasi 3icTaBneHHs
NOKa3HWKIB Bi0eNeKTPUYHOT aKTUBHOCTi FONIOBHOTO MO3KY 3 KMiHIKO-HEpOBi3yanisaLiiHiMmn JaHUMK.

Matepianu Ta Mmetoau. 34iNCHUNM NPOCMEKTUBHE, KOTOPHE JOCTiMKeHHs 46 nauieHTiB y roctpomy nepiogi CCBMK, wo
BKMt0OYaB KOMMNeKCHe KniHivHe (3 BukopucTtaHHsam Glasgow Coma Scale, Full Outline of UnResponsiveness (FOUR) score,
National Institute of Health Stroke Scale, Intracerebral hemorrhage (ICH) score) Ta HelpoBidyanisauifiHe OLiHIOBaHHS
TSKKOCTI YpaxeHHs LepebpanbHux cTpykTyp y AebtoTi 3axBoptoBaHHs. [ocnimikeHHs CNOHTaHHOI BioeneKkTpruyHoOi akTuB-
HOCTi FONIOBHOMO MO3KY BMKOHanmu B nepli 24—48 roguH Big aebtoty CCBMK i3 B3Ha4YeHHsIM abCOMOTHOI CnekTpanbHoi
noTyxHocTi putmiB (ACIP), BigHOCHOI cnekTpanbHoi noTyxHocTi puTtmis (BCIP), NoBGHO-NOTUANYHUX rpadieHTiB puTMIB
(NNrP) pisHnx pianasoHis EEM-natepHy B ypaxeHin niskyni (YIM) Ta iHTakTHi niskyni (1), a Takox NOKasHUKIB MixXMiBKY-
NbOBOI aCUMETPIi pUTMIB.

Pesynbrati. Ha nigcrasi knactepHoro aHanisy BUAINMnm 2 Tuniu 3miH 6ioenekTpuyHoi akTUBHOCTi FONOBHOTO MO3KY B NaLlieHTiB
i3 CCBMK. | Tun EEl-natepHy, 3apeectpoBaHuin B 56,5 % BuNaakie, NpeacTaBneHuin nepesaxHo incunatepansHuM nigsu-
LeHHsiM BCTP d-giana3oHy 3 LOMiHYBaHHSIM Y CTPYKTYPi NOBINbHOXBUBOBOT aKTUBHOCTI pUTMIB B-fiana3oHy B kKoMGiHaLii 3i
36epexeHHsIM 30HanbHUX BigMIHHOCTEN pUTMIB a-AianasoHy B YT, a Il Tun xapakTtepuaysaBcs binatepanbHuM JOMIHYBaHHSAM
BCIP d-pianasoHy 3 akueHToM B I B kOMGiHaLii 3 iHBepcieto JINTP a-gianasoHy wnsxom enesauii ACIMP a2-niggianasoHy
B nepepHix Bigainax IM. MavieHTy 3 Il Tunom EEM-natepHy BigpisHANMCS TSHKYMM NOLIKOZKEHHAM LiepebpanbHUX CTPYKTYp
(ICH score 3 (2; 4) npotn 0 (0; 1), p < 0,0001). Y 94,7 % nauieHTiB i3 KNiHi4HUMM 03HaKaMW CepefHbOI TSKKOCTI AMCHYHKLUT
cybTeHTopiansHux cTpykTyp (FOUR score <14) susisunu |l Tun EEM-natepHy, y 92,6 % nauieHTiB i3 KniHiYHMMK 03HaKamMu
nerkoi ancyHkLii abo 6e3 Takoi (FOUR score >14) — | tun.

BucHoBku. KomnnekcHuin aHania nokasHukie 6ioenekTpuyHoi akTMBHOCTI roIoBHOTO Mo3Ky B navieHTis 3i CCBMK pae 3amory
ineHT1dhikyBaTy iHTerpanbHi Tunu EEM-natepHy, siki nokasyoTb yHKLIOHaNbHWUIA CTaH LepebpanbHuX CTPYKTYp Ta acoLiioBaHi
3 BUPAXEHICTIO ANCNOKALIHOTO CUHAPOMY.
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AnarHocTMueckoe 3HaueHue UHTerparbHou oueHku AA-naTrepHa
Y NaLUeHTOB B OCTPOM NEepUoAe CMOHTAHHOIO CynpaTeHTOpUaAbHOro
BHYTPUMO3rOBOro KpOBOM3AMAHUA

A. A. Ky3HeuoB

Lienb paboTbl — yCTaHOBUTL AMArHOCTUYECKY0 MHPOPMATUBHOCTb MHTErparibHOM OLEHKM 3MeKTpoaHLedanorpaduyeckoro
(33r) naTTepHa y naLMeHTOB CO CMOHTaHHBLIM CynpaTeHTopuarbHbIM BHYTPYMO3roBbiM kpoousnuaHuem (CCBMK) Ha ocHo-
BaHWMW COMOCTaBMEHMS nokasaTener B1oaneKTpu4eckor akTMBHOCTY FONOBHOTO MO3ra C KITMHWKO-HENPOBU3yani3aLmOHHbIM
[aHHbIMM.

Matepuanb! u meTogbl. [poBeaeHo NPOCNeKTUBHOE, KOTOPTHOE MccneaoBaHve 46 nauneHToB B ocTpoM nepuoae CCBMK,
KOTOPOE BKIKO4aso KOMMIEKCHYH0 KIIMHUYECKYHO (C ucnonb3oBaHem Glasgow Coma Scale, Full Outline of UnResponsiveness
(FOUR) score, National Institute of Health Stroke Scale, Intracerebral hemorrhage (ICH) score) u HelipoBu3yanusauyoHHyto
OLIEHKY TSDKECTM NOBPEXAEHUs LepebparbHbix CTPYKTYp B AebioTe 3abonesaHus. iccnenoBaHune CnoHTaHHOM 61oanekTpu-
YECKOW aKTMBHOCTY rOMOBHOMO MO3ra NpoBeAeHo B nepBble 2448 yacos ot febrota CCBMK ¢ onpeaenexviem abcontoTHo
crekTpansHon MoLwHocTh putMoB (ACMP), oTHOCHTENBHOM CriekTpasnbHON MoLwHocTM putMoB (OCMP), o6HO-3aTbINOYHbIX
rpagueHToB putmoB ([13MP) pasnuuHbix ananasoHoB A3 -nattepHa B nopaxeHHom nonytwapim (M) u uHTakTHOM nonyLuapum
(M), a Take nokasaTenen MexnonyLuapHoO aCUMMETPUM PUTMOB.

Pe3ynkrathl. Ha 0CHOBaHMM KnacTepHOro aHan1aa Bblaenvnm 2 Tuna uaMeHeHun 61oanekTpruyeckorn akTMBHOCTM FONOBHOMO
moara y naumeHtos ¢ CCBMK. | Tun 33I-nattepHa, 3aperncTpupoBaHHbii B 56,5 % cnyyaes, npeacTtasneH npenMyLLecTBeHHO
uncunartepanbHbiM yeennyeHnem OCMP 8-guanasoHa ¢ AOMUHMPOBAHUEM B CTPYKTYPE MELNEHHOBOMHOBOM aKTUBHOCTY
puTMOB 6-AMana3oHa B COMETAHWMM C COXPaAHEHWEM 30HarbHbIX pasnuunii puTMOB a-AuanasoHa B M1, a Il Tun xapakTe-
pusoBarncs bunatepanbHbiM JomuHupoBaHnem OCMP d-guanasoHa ¢ akueHtom B UM B codeTaHum ¢ uHeepcuen J1I3MP
o-gmanasoHa 3a cyet anesaum ACMP a2-nogamana3oHa B nepenHux otaenax WM. MaumenTsl co Il Tunom 330-nattepHa
oTnnyanuck bonee TsxenbiM NoBpexaeHneM LiepebpanbHeix cTpykTyp (ICH score 3 (2; 4) npotus 0 (0; 1), p < 0,0001). Y
94,7 % naumeHToB C KIIMHUYECKUMU NPU3HaKaMM YMEPEHHOW/TSHKeNon AMCAYHKUMM cybTenTopranbHbix cTpykTyp (FOUR
score £14) ycraHosneH Il Tun 33M-nattepHa, y 92,6 % nauneHToB C KIMMHUMYECKMU NPU3HAKaMm1 NErkon AMCQyHKLUMW nm
6e3 TakoBor (FOUR score >14) — | tvn.

BbiBoabl. KoMnnekcHbI aHanus nokasarenei GroanekTpuyeckon akTMBHOCTY FOMOBHOIO Mo3ra y nauueHTos co CCBMK
No3BONSET UAEHTUDULMPOBATL MHTErpanbHble TUMNbl ABM-NaTTepHa, KOTopbIe OTPaXKatoT (PyHKLUMOHAINBLHOE COCTOSIHME Lie-

pe6paanblx CTPYKTYpP 1 acCoLMMPOBaHbI C BbIPAXXEHHOCTbLIO ANCIOKaLUMOHHOIO CUHAPOMA.

Despite significant progress of fundamental sciences and
clinical neurology, acute cerebrovascular pathology is still
one of the most difficult and, unfortunately, unresolved
problems of modern medicine. The most destructive form
of cerebrovascular diseases is cerebral hemorrhagic
stroke, which is the leading cause of death and disability
of the adult population in most countries of the world [8,11].

One of the most effective ways to increase the ef-
fectiveness of therapeutic measures in patients with
supratentorial spontaneous intracerebral hemorrhages
(SSICH) is the differentiated choice of optimal treatment
tactics, taking into consideration the individual prognosis
of the acute period outcome of the disease [15]. The
aforesaid justifies the relevance of the research which is
aimed at the identification of parameters associated with
the lethal outcome risk.

Numerous studies have confirmed a high diagnostic
and prognostic value of spectral analysis parameters of
the bioelectric activity of the brain in case of acute brain
injuries which predominantly have ischemic and trau-
matic genesis [9,16]. The expediency of the detection of
these indicators in clinical practice as neurophysiological
criteria for the assessment of patients’ state severity and
markers of the effectiveness of the therapy was justified
[1,5,13,14,20]. At the same time, very few papers were
devoted to the study of these aspects in patients with
SSICH [6,12].

Moreover, the overwhelming majority of scientific
research related to the study of the functional state of
cerebral structures within brain injuries of various origins
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with the use of spectral analysis of bioelectric activity
of the brain was aimed at the determination of isolated
parameters that are associated with clinical and neuro-
imaging data and the outcome of the disease [4,7,10,17].
Besides, itis necessary to mention that this monoparamet-
ric approach has restrictions, since the functional state of
the brain in patients with brain damage in supratentorial
localization is a very complex and extremely variable
set of relied changes of absolute power, structure, zonal
distribution of rhythms of different ranges in affected and
intact hemispheres, as well as interhemispheric rhythm
asymmetry [2]. The aforementioned justifies the expedien-
cy of the identification of integral electroencephalographic
patterns as they take into consideration a complete set
of spectral analysis parameters of bioelectric activity of
the brain.

The aim

Therefore the aim of this study was to verify the diagnostic
informative value of the integral evaluation of the electro-
encephalographic pattern in patients with spontaneous
supratentorial intracerebral hemorrhage on the basis of
the comparison of brain activity changes with clinical and
neuroimaging data.

Materials and methods

In order to achieve this goal a prospective, cohort study
was conducted in 46 patients (27 men and 19 women,
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median age 67 (61-75) years) in the acute period of
spontaneous hemorrhage in the left (58.7 %) and the right
brain hemispheres (41.3 %). The study included patients
with SSICH confirmed by clinical and neuroimaging exa-
mination who were hospitalized within the first 24 hours
from the onset of the disease. The following are criteria
for the exclusion from the study:

1) anamnestic data about presence of acute brain
circulation disorders, traumatic brain injuries, epileptic
seizures;

2) more than 2 lesions;

3) subtentorial lesion localization;

4) decompensated somatic pathology;

5) oncological pathology.

Neuroimaging study was conducted upon admis-
sion to hospital, which was performed with the use of
a computed tomography scanner “Siemens Somatom
Spirit” (Germany). The intracerebral hemorrhage volume
(ICHV) was determined with the help of the ellipsoid
formula: ICHV (ml) = (a-b-c)/ 2, where a, b, c are linear
lesion sizes (cm). The degree of septum pellucidum
displacement and the pineal gland displacement were
considered as neuroimaging criteria for the severity of
midline shift.

Clinical and neurological examination included
the assessment of subtentorial structures dysfunction in
accordance with the Glasgow Coma Scale (GCS) score
and Full Outline of UnResponsiveness (FOUR) score.
The National Institute of Health Stroke Scale (NIHSS)
was used in order to determine the level of neurological
deficit. Integral neurological and neuroimaging assess-
ment of SSICH severity was performed in accordance
with the ICH scale.

During the first 24-48 hours after SSICH onset
all patients underwent electroencephalographic ex-
amination held with the use of 21-channel computer
electroencephalograph (EEG) “NeuroCom Standard”
(XAl-Medica, Ukraine). Electrodes were applied on
the basis of the international system “10-20”". Artifact
removal was carried out using the Independent Com-
ponent Analysis decomposition procedure (Blind
Sourse Separation technology). Spectral analysis of
spontaneous bioelectrical activity of the brain was
carried out to get the artifact-free epoch using the fast
Fourier transform method, while values of average
absolute spectral rhythm power (AASRP) were defined
separately for the affected hemisphere (AH) and intact
hemisphere (IH), and separately for the frontal region
(FR) and occipital region (OR) of AH and IH: 8- (0.5-4.0
Hz), 6- (4-8 Hz), o- (8-13 Hz), B- (13-35 Hz) ranges,
81- (4-6 Hz), 62- (6-8 Hz), a1- (8-10 Hz), a2 — (10-13
Hz), B1- (13-25 Hz) and B2- (25-35 Hz) subranges
(uV?). Relative spectral rhythm power (RSRP) values
within the specified ranges (%) and integral coefficients,
which demonstrate the AASRP of various ranges and
subranges ratio of the EEG pattern were also calculated:
DTABR = (3+8)/(6+8), DTR = &/, T1T2R = 61/62,
DAR = d6/a, TAR = 6/a, ABR = a/f, A1A2R = a1/a2,
B1B2R = 31/82.The values of fronto-occipital rhythm
gradient (FORG) were used for a quantitative assess-
ment of zonal differences in the distribution of rhythms
in AH and IH, which were calculated with the following
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formula: FORG=(AASRP in FR—AASRP in OR)/(AASRP
in FR + AASRP in OR). The severity of interhemispheric
rhythm asymmetry (IHRA) was determined in accor-
dance with the following formula: IHRA = (AASRP in
AH - AASRP in IH) / (AASRP in AH + AASRP in IH).

Statistical analysis of the results was held with
the help of Statistica 13.0 software (StatSoft Inc., USA,
series number JPZ8041382130ARCN10-J) and MedCalc
(version 16.4). Since most of the studied parameters
according to the Shapiro-Wilk criterion had a distribution
that differed from the normal, descriptive statistics are
presented in the form of a median and interquartile range.
The integral types of EEG pattern were determined on
the basis of a cluster analysis. Within this analysis ag-
glomerative-hierarchical algorithms (construction of ver-
tical dendrograms using the Ward method) and iterative
algorithms (k-means method in McKean'’s variation) were
used. In order to determine the intergroup differences of
the studied traits, the Mann-Whitney test was used. The
relations between qualitative (discrete) signs were as-
sessed on the basis of the analysis of contingency tables
using Pearson’s chi-squared test. The values P < 0.05
were considered as statistically significant results.

Results

Upon admission to hospital focal neurological deficit
of various severity was registered in all patients, while
the NIHSS score value in the studied cohort was 14 (7;
21). Clinical signs of dislocation syndrome in the onset
of SSICH were revealed in 23 (50.0 %) patients. In
the clinical structure of subtentorial structures dysfunction
in this subcohort of patients variable combinations of
consciousness reduction (100.0 %) with heterogeneous
ophthalmoplegic syndrome (91.3 %), brain stem reflexes
disorders (65.2 %), muscular dystonic syndrome (56.5 %)
and respiratory pattern disorders (47.8 %), while the dys-
function severity of subtentorial structures corresponded
to the following gradation: low (FOUR score 15)in 17.4 %
of cases, medium (FOUR score 13-14) — to 26.1 %,
severe (FOUR score £12) — 50.0 %. The FOUR score
value in the general cohort constituted 15 (11; 16), GCS
score — 14 (8; 15).

In accordance with the neuroimaging study, lateral
displacement of median brain structures was revealed in
34 (73.9 %) patients. The values of the septum pellucidum
displacement and pineal gland displacement constituted 3
(1; 5) mm (for both indexes), ICHV — 13.8 (5.2; 65.0) ml.

The selection of integral types of electroencepha-
lographic pattern in the studied patients was made at 2
stages. At the first stage, the hierarchical-agglomeration
algorithm of cluster analysis was used in order to classify
observations, whereas the results of spectral analysis of
spontaneous bioelectrical affected and unaffected hemi-
spheres (AASRP, RSRP, FORG, IHAR) used as signs
for classification. Since the Euclidean metric was used to
estimate the intercluster distance, the studied parameters
were previously normalized. The Ward method was used
in order to merge observations into clusters.

The analysis of the vertical dendrogram suggests that
electroencephalographic patterns in studied patients with
SSICH were divided into 2 groups (Fig. 1).
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Fig. 1. The results of hierarchical clustering of observations on the basis of a set of parameters of the spectral analysis of spontaneous bioelectrical
activity of the brain (vertical dendrogram with the assessment of intercluster distance in the Euclidean metric, Ward method).

At the second stage, two types of EEG pattern
were selected using iterative cluster analysis algorithm
(k-means method in McKean’s variation).

Depending on the type of EEG pattern, patients were
divided into 2 groups — 26 (56.5 %) and 20 (43.5 %)
patients, respectively. Comparative analysis of RSRP of
OH and IH in patients with different types of EEG pattern
is presented in Table 1.

It was determined that patients of the second
group had more severe violations of the bioelectrical
activity of the affected and intact hemispheres. Type
Il of the EEG pattern was characterized by bilateral
dominance (with an accent in IH) of slow-wave activity,
predominantly of the d-range, combined with depression
of a- and B-ranges. RSRP values of 5-range constituted
57.7 (46.0; 70.9) % in AH and 60.8 (49.1; 70.8) % in IH,
which exceeded by 3.2 and 4.1 times respectively the val-
ues of these indexes in patients with type | of the EEG
pattern (P < 0.0001 for both parameters). No statistically
significant intergroup differences in the RSRP B-range
of the AH and IH were found. The elevation of the RSRP
61-subrange characterized type Il of EEG pattern (16.5
(12.6; 24.1) % versus 10.8 (8.5; 13.9) %, P = 0.0125),
while the RSRP values of a- and B-ranges were respec-
tively 6.9 (P < 0.0001) and 3.7 (P < 0.0001) times lower
inthe AH, in 6.7 (P < 0.0001) and 3.1 (P < 0.0001) times
lower in the IH. Type | of the EEG pattern was characte-
rized by more pronounced disorder of bioelectric activity
in the affected hemisphere (RSRP level of 6-range in AH
was 18.1(10.9; 30.1) % versus 14.7 (9.0; 20.3) % in IH;

Pathologia. Volume 15. No. 3, September — December 2018

RSRP level of a-range constituted respectively 27.7 (19.1;
41.7) % and against 35.7 (26.3; 44.5) %).

On the basis of a comparative analysis of the values
of integral coefficients, the structure of changes in bio-
electrical activity of the brain in the studied subcohorts of
patients was detalized (Table 2).

It was determined that bilateral elevation of slow-wave
activity in patients with type Il of EEG pattern dominated
in IH (DTABR value constituted 9.5 (6.0; 13.6) in IH ver-
sus 7.9 (4.6; 17.2) in AH). The center of gravity shift of
the slow-wave activity to d-range area was also distinctive
(the DTR value constituted 2.3 (1.3; 4.7)and 2.6 (1.7; 3.5)
in the AH and IH respectively), whereas type | was charac-
terized by the center of gravity shift of the slow-wave ac-
tivity to 8-range area (the DTR value constituted 0.6 (0.5;
1.0) and 0.5 (0.3; 0.9) in AH and IH respectively). Type
Il of EEG pattern was characterized by the dominance
of 81-subband oscillations in 8-range rhythms structure
(T1T2R value constituted 1.8 (1.5;2.7)and 2.5 (1.9; 3.8) in
AH and IH respectively). 62-subranges dominated in type
| of EEG pattern (T1T2R value constituted 0.7 (0.5; 1.1)
and 0.7 (0.4; 1.0) in AH and IH respectively). In the group
of patients with type Il of EEG pattern, DAR and TAR levels
in AH and IH were significantly higher, while the ABR and
A1AZR levels in IH were lower than in patients with type
| of EEG pattern. Thus, more pronounced disorders of
bioelectrical activity of the brain in patients with type | of
EEG pattern were registered in the AH, and in the IH — in
patients with type Il. The latter was also confirmed by in-
tergroup differences between IHRA values of the &-range
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Table 1. Comparative analysis of RSRP (%) of OH and IH in patients with different (0.074 (-0.015; 0.178) versus -0.120 (-0.275; 0.088),
types of EEG pattern. P =0.0095) (Table 3).
It was determined that type Il of EEG pattern was
m- characterized by more pronounced disorders of zonal dif-
RSRP 5 AH 18.1(10.9; 30.1) 57.7 (46.0; 70.9) <0.0001 ferences of a-range rhythms (0.069 (-0.084; 0.306) versus
RSRP 81 AH 11.3 (7.4; 15.8) 15.0 (9.6; 22.1) 0.2757 -0.122 (-0304, 0041) in AH, P= 00125, 0.103 ('0108,
RSRP 62 AH 13.9 (10.9; 23.1) 6.4 (4.5, 11.0) 0.0013 0.195) versus -0.198 (-0.359; 0.004) in IH, P = 0.0008)
RSRP 6 AH 27.7 (21.8; 39.7) 247 (14.9; 37.5) 0.3973 due to a2-subrange (0.106 (-0.125; 0.276) versus -0.104
RSRP a1 AH 18.7 (10.6; 25.2) 32(17;72) <0.0001 (-0.297; 0.061) in AH, P = 0.0395; 0.027 (-0.109; 0.306)
RSRP a2 AH 11.2 (5.5; 15.7) 0(1.3;3.6) <0.0001 versus -0.157 (-0.442; 0.018), P = 0.0017) (Table 4).
RSRP a AH 27.7 (19.1; 41.7) 4.8 (3.4;11.5) <0.0001 The obtained data certify the elevation of AASRP of
RSRP B1AH 14.3 (9.1; 19.3) 8(1.9;7.8) <0.0001 a2-subrange in frontal areas of IH in patients with type Il
RSRP B2 AH 1.5(1.2;2.9) 9(0.2;1.9) 0.0142 of EEG pattern, which was confirmed by corresponding
RSRP B AH 15.7 (10.9; 25.4) 43(2.7;9.6) <0.0001 IHRAvalues (-0.147 (-0.403; 0.069) versus 0.073 (-0.072;
RSRP 5 IH 14.7 (9.0; 20.3) 60.8 (49.1; 70.8) <0.0001 0.217), P = 0.0395) (Table 5).
RSRP 61 IH 10.8 (8.5; 13.9) 16.5 (12.6; 24.1) 0.0125 In the group of patients with type | of EEG pattern
RSRP 62 IH 14.6 (12.1; 22.9) 4.9 (4.0;9.5) <0.0001 the dysfunction of subtentorial structures was not revealed
RSRP 6 IH 28.9(20.8; 37.6) 24.0 (17.1;32.9) 0.1819 in 88.5% of cases, low dysfunction (FOUR score 15) was
RSRP a1 IH 26.0 (16.7; 31.9) 31(1.7;5.0) <0.0001 verified in 7.7 %, medium (FOUR score 13-14) — only in
RSRP02 IH 8.3(5.7;162) 0/(1:531) <0.0001 3.8 %, whereas in patients with type Il severe dysfunction
RSRP a IH 35.7 (26.3; 44.5) 3(3.4;8.0) <0.0001 of subtentorial structures (FOUR score <12) dominated
RSRP p1 IH 12.2(9.9;17.3) 3.1(18:56) <L (65.0 %), medium dysfunction was verified in 25.0 % of
RSRP p2 I 15(1.0,26) 5(02:1.7) 0.0067 patients, low dysfunction — only in 10.0%. On the basis
RSRP B IH 141 (1.0, 194) 520,75) <0.0001 of the analysis of frequency distribution of grades as-
sessment of FOUR score in patients with different types
Table 2. Comparative analysis of integral coefficients in AH and IH in patients of EEG patterns it was determined that the integral type
with different types of EEG pattern of EEG pattern was associated with functional state of

subtentorial structures (Chi-squared = 38.5, P < 0.0001)

(" 26) {n =20 of patients with medium/severe dysfunction of subten-

DTABR AH 0(05:17) 7.9(46:17.2) <0.0001 torial structures, type | —in 92.6 % of patients with low
DTR AH 6 (0.5; 1.0) 2.3(1.3;4.7) <0.0001 . ; !

T1T2R AH 7005 14) 18(15 27) 0.0002 dysfunctlop or W|tlhout any dysfunctlorlu. Thus, .pattern
DAR AH 7(03:13) 115 (46:19.8) <0.0001 type Il of bioelectrical gctlvllty of the braln' is the mtegral
TAR AH 0(05:1.9) 4120:57) <0.0001 electroencephalf)graphlc dlagnqstlc criterion qf medllum/
ABR AH 0(13:28) 4(08: 20) 01893 severe dysfunction of subtentorial structures in patients
A1AZR AH 7(1.2:27) 8(1.2: 26) 0.9563 with SSICH (sensivity = 94.7 %, specificity = 92.6 %). On
B1B2R AH 4(48:10.0) 6.1(33:7.2) 0.0819 the basis of comparative analysis of clinical data it was
DTABR IH 9(0.6,1.3) 5 (6.0; 13.6) <0.0001 determined that patients with type Il of EEG pattern had
DTR IH 5(0.3;0.9) 6 (1.7; 3.5) <0.0001 Statistica”y hlgher values of NIHSS score (21 (15, 30)
T1T2R IH 0.7 (0.4; 1.0) 2.5(1.9;3.8) <0.0001 versus 7 (5, 11), pP< 00001) in combination with low-
DARIH 0.5(0.2;0.7) 116 (6.4; 19.9) <0.0001 er values of GCS score (8 (4; 11) versus 15 (14; 15),
TAR IH 0.8 (0.5; 1.1) 5.0 (2.5;6.9) <0.0001 P <0.0001)and FOUR score (12 (5; 15) versus 16 (16; 16),
ABR IH 7(1.7;3.7) 6(0.9;2.3) 0.0067 P <0.0001).

A1A2R IH 2.6 (1.5,4.1) 1.5(1.1;2.3) 0.0172 In 50.0 % patients with type | of EEG pattern the mid-
B1B2R IH 8.4 (4.8; 10.0) 1(3.3;7.2) 0.0819 line shift was not detected. Septum pellucidum displace-

ment 1-3 mm was registered in 38.5 % cases, 4-5 mm

, ) . ] o and >5mm—in 11.5 % (in equal shares), whereas midline
Table 3. Comparative analysis of IHRA values in patients with different types shift was diagnosed in all the patients with type Il of EEG

O EEG pattern pattern. Septum pellucidum displacement 4-5 mm and

Parameters | type of EEG pattern Il type of EEG pattern >5mm W8$I regiStered in 80.0 % c_:ases (in equal _shares),
(n=26) (n=20) 1-3 mm —in 20.0 %. On the basis of the analysis of fre-

IHRA S 0.074 (-0.015; 0.178) -0.120 (-0.275; 0.088) 0.0095 quency distribution of grades assessment of septum pellu-
IHRA 81 -0.049 (-0.228; 0.248) -0.129 (-0.398; 0.068) 0.0707 cidum displacement in patients with different types of EEG
IHRA 62 -0.041(-0.229; 0.215) -0.105 (-0.232; 0.076) 0.4616 patterns it was determined that the integral type of EEG
IHRA© -0.044 (-0.133; 0.103) -0.144 (-0.316; 0.031) 0.1819 pattern was associated with midline shift severity (Chi-
IHRA a1 -0.145 (-0.385;-0.012)  -0.179 (-0.429; 0.146) 0.8693 squared = 21.4, P = 0.0001). The patients with type Il of
IHRA a2 -0.023(-0.200;0.181)  -0.141(-0.282;-0.030)  0.2048 EEG pattern had statistically higher values of ICHV (67.9
IHRA a -0.139 (-0.310; -0.043) -0.116 (-0.375; 0.051) 0.9040 (24.0; 98.1) mL versus 5.3 (2.8-8.9) mL, P < 0.0001),
IHRA B1 -0.006 (-0.154; 0.043) -0.095 (-0.258; 0.044) 0.4616 septum pellucidum displacement (5 (4: 9) mm versus
IHRA B2 -0.001 (-0.066; 0.140) 0.056 (-0.117; 0.176) 0.9040 1 (0; 3) mm, P < 0.0001), pineal gland displacement
IHRA B 0.010 (-0.145; 0.057) -0.082 (-0.226; 0.055) 0.5170 (5 (4 7)mm versus 1 (0; 3) mm, P <0.0001) and ICH score
IHRA total -0.059 (-0.188; 0.073) -0.060 (-0.151; 0.040) 0.9738 (3 (2 4) versus 0 (0; 1), P < 0.0001).
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Table 4. Comparative analysis of fronto-occipital rhythm gradients in AH and IH
in patients with different types of EEG pattern

Discussion

Thus, the step-by-step use of hierarchical, agglomerative
and iterative algorithms for cluster analysis along with
the further detection of intergroup differences allowed

Parameters | type of EEG pattern Il type of EEG pattern
(n=26) (n=20)

to identify 2 types of electroencephalographic pattern Eggg :f:H gfz 000:972 003;:5 g:g 00001(12 0042;;6 81222
in patients with SSICH and to verify their diagnostic FORG 62 AH 0'146 E-O.102i 0'322; 0'015§_6 207’. 6247)) 0'6847
criteria. Thus, type | of EEG pattern was characterized FORG 6 AH 0'087 (_0.07& 0'244) 0.223 (o 674-10 ;116) 0.1893
by the predominance of violations in the AH. In the struc- FORG af AH 0 097 (_6 317'. 0 123) 0'204 (_6 144. 0 319) 0'0607
ture of slow-wave activity, 6-range rhythms dominated e _0'104 (_0'297f 0'061) 0'106 (_0'125f 0'276) 0'0395
in the AH (DTR median constituted 0.6). The values of FORG o AH _0'122 (_0'304f 0'041) 0'069 (_0'084f 0'306) 0'0125
IHRA median of the &-range (0.074) indicated the pre- e 0.051(0044:0134)  0.001(0121:0141) 04889
dominance of ipsilateral nature of slow-wave elevation FORG B2 AH 0087 (-0.074i 0.343) 0046 (_0_19é_ 0094) 00946
in this group of patients. Zonal differences remained in FORG BAH e (_0_070; 0.134) G (_0_130; 0.113) rE
the rhythms of a-range in the AH, which was confirmed oo 5 0.116 (:0.116;0.251)  0.086 (0.014; 0.466) 0.4483
by the corresponding values of FORG (-0.122 (-0.304; FORG 61 IH 0.145 (-0.049; 0.307) 0.071 (-0.061; 0.177) 0.3385
0.041) for the a-band and -0.104 (-0.297; 0.061) for  popG ey 0.070 (-0.076;0.270)  -0.161(-0.274;-0.023)  0.0281
the a2 subband). The results of the analysis of clinical FORG 6 H 0.146 (-0.089; 0.263) -0.017 (-0.113; 0.175) 0.2128
neuroimaging data in this subcohort of patients serve  rorg g1 1 0142(-0376;0018) 0010 (0.191:0276)  0.0547
as a basis to consider type | of EEG pattern as an  gorg g2 11 0157 (0442;0.018) 0,027 (-0.109; 0.306)  0.0017
integral neurophysiological marker of ipSilateral focal FORG a IH -0.198 (-0.359; 0.004) 0.103 (-0.108; 0.195) 0.0008
lesion of specific systems of supratentorial localization FORG B1 IH -0.004 (-0.111; 0.171) 0.010 (-0.208; 0.306) 0.9738
in combination with low dysfunction of synchronizing FORG B2 IH 0.208 (-0.066; 0.395) 0.073 (-0.071; 0.277) 0.5313
systems of diencephalic level due to slightly pronounced FORG B H 0.043 (-0.096; 0.182) 0.007 (-0.182; 0.301) 0.7504

displacement of median brain structures.

Type Il of EEG pattern was characterized by more
pronounced dysfunction of the bioelectric activity of AH
and IH. Bilateral elevation of slow-wave activity was
distinctive. 6-range rhythms dominated in its structure,
which was confirmed by corresponding RSRP levels

Table 5. Comparative analysis of IHRA values in frontal and caudal areas of brain
hemispheres in patients with different types of EEG pattern.

Parameters | type of EEG pattern | Il type of EEG pattern
(n =26) (n=20)

of the 6-range (57_7 (46.0; 70.9) % in AH, 60.8 (49.1; IHRA S FR 0.117 (-0.006; 0.261) -0.118 (-0.308; 0.071)  0.0018
70.8) % in IH), RSRP of a-range (4.8 (3.4; 11.5) % in IHRA 61 FR 0.078 (-0.128; 0.199)  0.100 (-0.147; 0.210)  0.9040
AH, 5.3 (3.4; 8.0) % in IH), DTABR (7.9 (4.6; 17.2) in IHRA 62 FR -0.051 (-0.231;0.087)  0.187 (-0.115;0.236) ~ 0.0315
AH, 9.5 (6.0; 13.6) in IH), DTR (2.3 (1.3; 4.7) in AH, 2.6 IHRA 8 FR -0.051 (-0.175;0.110)  0.067 (-0.113; 0.224)  0.2048
(1.7: 3.5 in H), DAR (1.5 (4.6; 19.8) in AH, 11.6 (6.4; IHRA a1 FR -0.145 (-0.199; 0.055)  -0.050 (-0.258; 0.176)  0.5906
19 9’) in IH) TA,R (41(20:5 7)‘in AH. 5.0 (’2 5 6.9) ir; IHRA a2 FR 0.073 (-0.072; 0.217)  -0.147 (-0.403; 0.069)  0.0395
IH). We shéul d noté thé r,Jre. dominanyce.of s.lo;/v-\;vave IHRA o FR -0.055 (-0.166; 0.067)  -0.148 (-0.296; 0.058)  0.5459

L oo . L IHRA B1 FR 0.000 (-0.068; 0.099)  -0.118 (-0.185; 0.000)  0.0707
activity elevation in the IH, which was indicated by IHRA B2 FR 0047 (0.173,0171)  0.143 (:0.243,0088) 03275
the value of IHRA median c.)f 0-range (:0'118 (-0.308; IHRAB FR -0.003 (-0.057; 0.096)  -0.084 (-0.196; 0.015)  0.0466
0.071) versus 0.117 ('.0'006’ .0'.261)’ P= 0'001.8)' The IHRA total FR 0.011 (-0.049; 0.115)  -0.026 (-0.194; 0.084)  0.2856
results of the analysis of clinical and neuroimaging e 0.044 (0191:0177) 0,008 (0.248; 0450) 05906
criteria for the assessment of the severity of damage IHRA 61 OR 0,049 (:0.228: 0.248)  0.129 (-0.398; 0.068) 00707
and dysfunction of cerebral structures in the studied IHRA 82 OR 0.041(:0229;0215)  -0.105 (-0.232: 0.076) 0.4616
subcohort of patients (FOUR score constituted 8 (3; 13), IHRA 6 OR 0,044 (:0133;0103) -0144 (-0316:0.031)  0.1819
septum pellucidum displacement -5 (4; 9), pineal gland IHRA a1 OR -0.145 (:0.385; -0.012) -0.179 (:0.429; 0.146)  0.8693
displacement — 5 (4; 9)) allow to represent the complex IHRA a2 OR -0.023 (-0.200;0.181)  -0.141 (-0.282; -0.030) 0.2048
of these changes in the bioelectrical activity of the brain IHRA G OR 0139 (-0.310; -0.043) -0.116 (-0.375; 0.051)  0.9040
as an integral electroencephalographic marker of deep IHRA B1 OR -0.006 (-0.154; 0.043)  -0.095 (-0.258; 0.044) 04616
depression of synchronizing systems of the diencephalic IHRA B2 OR -0.001 (-0.066; 0.140)  0.056 (-0.117; 0.176)  0.9040
level with the development of functional interhemispheric IHRA B OR 0.010 (-0.145; 0.057)  -0.082 (-0.226; 0.055)  0.5170
diaschisis as a result of the severe dislocation of sub- IHRA total OR -0.059 (-0.188; 0.073)  -0.060 (:0.151: 0.040)  0.9738

tentorial structures. The obtained data are consistent
with the results of other studies. Thus, in the study of
M. Purandare et al. (2018) it was determined that RSRP
levels of 8-, a-ranges, DTABR, DAR in patients with
SSICH were associated with Glasgow coma scale score
and ICHV [12]. In the study by P. Xu et al. (2008) it was
revealed that intracranial hypertension and the develop-
ment of dislocation syndrome in patients with intracere-
bral hemorrhage are accompanied by the elevation of
the absolute spectral power of slow-wave activity with
an accented range within 0.5-3.0 Hz [18]. The study by
G. Assenza et al. (2013) demonstrated the diagnostic

Pathologia. Volume 15. No. 3, September — December 2018

significance of the contralateral elevation of the absolute
spectral rhythm power as a neurophysiological marker
of hemispheric diaschisis in patients in the acute peri-
od of severe supratentorial stroke [3]. In the study of
M. E. Wolf et al. (2017), it was found that generalized
(bilateral) changes of the bioelectric activity of the brain
reflect the severity of supratentorial structures damage in
patients with cerebral ischemic hemispheric stroke, not
the focal ones [19]. The numerous studies demonstrate
a high diagnostic informative value of the integral EEG
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pattern coefficients, which reflect the severity of slow-
wave activity within the assessment of the severity of
acute brain damage of ischemic and traumatic genesis
[2,4,5,17].

The conducted study allowed us to obtain data on
reciprocal changes in the anterior and posterior gradient of
EEG pattern rhythms in patients with SSICH. Thus, type |
of the EEG pattern was characterized by the maintenance
of the negative FORG a-band in both hemispheres, which
indicated the integrity of the interhemispheric organization
of corresponding rhythms, whereas type Il of the EEG
pattern had a bilateral inversion of FORG a-band 0.069
(-0.084;0.306)in AH, 0.103 (-0.108; 0.195) in the IH) due
to a2-subrange (0.106 (-0.125; 0.276) in the AH, 0.027
(-0.109; 0.306) in the IH). The revealed changes in AH
reflected the severity of focal lesions of supratentorial
structures, whereas the genesis of contralateral inversion
of these indicators was due to the decrease of AASRP of
a2-subrange in caudal areas of Pl (as a marker of the de-
pression of pacemaker activity of thalamic structures) in
combination with the elevation of AASRP a2-subrange
in anterior areas of IH (as a marker of the irritation of
non-specific systems of diencephalic level under condi-
tions of pronounced lateral displacement of median brain
structures), which was further confirmed by negative
values of IHRA a2-subrange in the frontal area (-0.147
(-0.403; 0.069) versus 0.073 (-0.072; 0.217), P=0.0395).
The results of clinical neuroimaging data analysis in
the group of patients with type Il of EEG pattern make
it possible to interpret the indicated changes of FORG
a2-subrange in IH combined with the formation of nega-
tive IHRS of a2-subrange in anterior areas of the brain
as a neurophysiological criterion for the assessment of
the dysfunction severity of the midbrain structures due to
their lateral dislocation.

Thus, the study identified EEG pattern types in
patients with SSICH, which reflect the main consistency
of the reorganization of bioelectric activity of the brain in
the acute period of the disease. It was defined that the in-
tegral assessment of the bioelectrical activity of the brain
with the use of the spectral analysis is characterized by
a high sensitivity (over 90%) to changes of the functional
state of cerebral structures in the onset of SSICH, which
explains the expediency of the determination of EEG
pattern type (in accordance with the developed neu-
rophysiological diagnostic criteria) in order to improve
the integrated assessment of damage severity of brain
structures in this group of patients. It is also necessary to
conduct further prospective studies as for the correspond-
ing statistical power for the verification of the prognostic
informative value of the integral assessment of the EEG
pattern in patients with SSICH.

Conclusions

1. Integral EEG patterns were identified in patients
with cerebral hemorrhagic hemispheric stroke, which
take into consideration the totality of spectral analysis
parameters of spontaneous bioelectric activity of both
hemispheres (relative spectral power, intra-hemispheric
zone differences, interhemispheric rhythm asymmetry).
These types of EEG pattern are associated with the func-
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tional state of subtentorial structures (Chi-squared = 38.5,
P < 0.0001) and the neuroimaging criteria of midline shift
severity (Chi-squared = 21.4, P = 0.0001).

2. Bilateral domination of the RSRP &-range with an
accentin IH in combination with FORG inversion of a-range
due to elevation of the a2-subrange in the anterior areas
of IH in patients with SSICH is an informative integral
electroencephalographic diagnostic criterion for medium/
severe dysfunction of subtentorial structures (sensitivity —
94.7 %, specificity — 92.6 %), whereas ipsilateral increase of
RSRP of &-range with the dominance of 6-range rhythms in
slow-wave activity structure in combination with smoothing
of zonal differences of a-range rhythms in AH in patients
with SSICH the reflects focal lesion of the hemisphere in
combination along with the low dysfunction of subtentorial
structures or with the absence of the latter.

The perspective for the further scientific research
is the research is the elaboration of EEG criteria for
the prediction of SSICH acute period outcome.
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