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The main purpose of the study was to develop multivariate models for the verification of short-term vital and functional
prognosis in patients with hemorrhagic hemispheric stroke in the onset of the disease.

Materials and methods. A prospective, cohort, comparative study was conducted in 203 patients with spontaneous supra-
tentorial intracerebral hemorrhage (SSICH) (121 men and 82 women, mean age 65.1 + 0.8 years), who were hospitalized
within the first 12 hours since the onset of the disease and received conservative therapy. National Institute of Health Stroke
Scale (NIHSS) score, Glasgow Coma Scale score, Full Outline of UnResponsiveness Scale score, intracerebral hemorrhage
volume, displacement of the septum pellucidum and pineal gland, white blood cell count (WBCC), neutrophil count, lymphocyte
count, monocyte count, neutrophil-to-lymphocyte ratio (NLR) were detected upon admission to the hospital. The functional
outcome (FO) of the acute period of the disease was assessed on the 21¢ day in accordance with the modified Rankin Scale
(mRS), whereas >3 points on this scale were considered as an unfavourable FO, <3 points were considered as a favourable
FO. Binary logistic regression method and ROC-analysis were used for the elaboration of prediction criteria.

Results of research. Lethal outcome (12.3 %), unfavourable FO (37.5 %) and favourable FO (51.2 %) were registered in
the structure of acute period outcomes of the disease. In accordance with the data of multivariate regression analysis it was
determined that admission NIHSS score >16 (Se = 68.0 %, Sp = 93.3 %), septum pellucidum displacement >3 mm (Se = 84.0 %,
Sp =74.2 %) and admission WBCC >8 600 cells/uL (Se = 84.0 %, Sp = 62.4 %) are independently associated with an increased
risk of the lethal outcome of the acute period of SSICH by 12.8 (12.8-26.8) (P < 0.0001), 10.7 (3.8-29.8) (P < 0.0001) and
6.9 (2.4-19.3) (P = 0.0003) times respectively. Admission NIHSS score >9 (Se = 90.5 %, Sp = 66.3 %), septum pellucidum
displacement 21 mm (Se = 71.6 %, Sp = 71.2 %) and ANLR >2.92 (Se = 86.5 %, Sp = 36.5 %) were independently associ-
ated with an increased risk of the unfavourable FO of the acute period of SSICH by 4.9 (2.9-8.3) (P < 0.0001), 2.9 (2.6-3.3)
(P <0.0001) and 2.4 (2.1-2.7) (P < 0.0001) times respectively.

Conclusions. Multivariate models for lethal outcome prognosis (AUC = 0.94 (0.89-0.97), P < 0.01) and unfavourable functional
outcome of SSICH prediction (AUC = 0.88 (0.83-0.93), P < 0.01) were elaborated, which take into consideration the combination
of clinical, neuroimaging data and the severity of inflammatory activation in the onset of the disease. Informativeness of
elaborated multivariate models, which integrated independent predictors, statistically exceeds informativeness of separate
predictors usage in verification of the vital and functional prognosis of SSICH acute period outcome.

Po3po6ka MyAbTUBapiaHTHUX MOAEAel AAA BUSHAUEHHA KOPOTKOCTPOKOBOIO NPOrHO3y
B Nawji€HTiB i3 reMopariyHuM NiBKYAbOBUM iHCYALTOM Y A€610Ti 3aXBOpIOBaHHSA

A. A. Ky3HeuLoB

MeTa po60oTH — po3pobUTU MynbTUBapiaHTHI MoZeni Ans BU3HAYEHHS KOPOTKOCTPOKOBOIO NMPOrHO3y B NaLieHTIB i3 reMopa-
TiYHUM MiBKYNbOBWM iHCYNETOM Y Ae6HoTi 3aXBOPIOBaHHS.

MaTtepianu Ta metoau. BukoHanu npocnekTvBHe, KOropTHe, NopiBHANbHe gocnimkeHHs 203 nauieHTis i3 CCBMK (121
YonoBik i 82 xiHku1, cepepnin Bik — 65,1 + 0,8 poky), siki ynu rocnitaniaoBani B nepLui 12 roguH Big AebioTy 3aXBOPHOBAHHS
Ta OTpUMyBanu KoHcepBaTMBHY Tepanito. [ig Yac rocnitanisawii BUKOHanM TecTyBaHHs 3a KNiHiYHUMM LUKanamm OLiHIOBaHHS
BUpaxxeHocTi HespororivHoro Aediumty (National Institute of Health Stroke Scale (NIHSS), Glasgow Coma Scale, Full Outline of
Unresponsiveness), Bu3Hauunm 06’em ocepesiky ypaxeHHs:, 3cyB Npo30poi NepeTvHKM i enichisa, abCOMNKOTHMIA BMICT NENKOLUTIB
(ABI), HerTpodhinis, NiMdoLMTIB, MOHOLMTIB Yy NepudepuyHii KpoBi Ta HeTpodin-nimcoumnTapHe cnissigHoweHHs (HI1C).
®yHKUioHanbHWI BKXig (PB) ouiHoBany Ha 21 AeHb 3aXBOPOBaHHS 3a MoaMikoBaHO Lukanoto PeHkiHa (MLLIP), npu ubomy
3HayeHHs >3 Banie po3rnsganu sk HecnpuaTnveni, <3 — sk cnpusTaneun ®B. [Ins po3pobneHHs KpUTepiiB NPOrHO3yBaHHS!
BUKOpUCTanu Metog GiHapHOI NOrCTUYHOI perpecii.

PesynbraTi. Y CTpyKTypi Hacnigkie rocTporo nepiogy 3axBOpIOBaHHS 3apeecTpysany netansHun Buxig (12,3 %), Hecnpu-
atnueuii (37,5 %) ta cnpuatnuemni (51,2 %) ®B. Y pesynbrati MynsTMBapiaHTHOrO PerpecinHoro aHasidy BCTaHOBUMK, LLO
3HaueHHs cymapHoro 6ana 3a NIHSS >16 (Se = 68,0 %, Sp = 93,3 %), 3miLLeHHs npo3opoi neperopoaku >3 mm (Se = 84,0 %,
Sp = 74,2 %) 1a ABJ1 >8 600 kn/mkn (Se = 84,0 %, Sp = 62,4 %) B Aebtoti CCBMK HesanexHo acouiinoBaHi 3 nigsuLLeHnm
PU3MKOM NeTanbHOro HacmizKy rocTporo nepiogdy 3axsoptoBaHHs B 12,8 (12,8-26,8) (p < 0,0001), 10,7 (3,8-29,8) (p < 0,0001)
1a 6,9 (2,4-19,3) (p = 0,0003) pa3a BignosigHoO. 3HayeHHs cymapHoro 6ana 3a NIHSS >9 (Se = 90,5 %, Sp = 66,3 %), 3mi-
LLieHHs1 Mpo3opoi neperopogku 21 MM (Se = 71,6 %, Sp = 71,2 %) Ta HIC >2,92 (Se = 86,5 %, Sp = 36,5 %) y Aebtoti CCBMK
HEe3aneXHOo acoLLiioBaHi 3 NiABULLEHUM PU3MKOM HECMPUSITIIMBOTO (hyHKLIIOHANBHOTO BIXOY FOCTPOrO NEPIOLY 3aXBOPHOBAHHS!
84,9 (2,9-8,3) (p <0,0001), 2,9 (2,6-3,3) (p < 0,0001) Ta 2,4 (2,1-2,7) (p < 0,0001) pasa BignoBIAHO.

BucHoBku. Po3pobunu mynsTvBapiaHTHI MaTemaTuyHi Mogeni Ans nporHo3yBaHHs netansHoro (AUC = 0,94 (0,89-0,97),
p <0,01; TouHicTb NporHosyBaHHs = 91,7 %) Ta yHKuioHanbHOro Brxoay roctporo nepiogy CCBMK (AUC = 0,88 (0,83-0,93),
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p < 0,01), Aki BpaxoByloTb CYKyMHICTb pe3ynbraTiB KniHiko-HernpoBidyani3awiiHoro JOCNMKEHHS Ta BUPAXEHICTb 3ananbHoi
akTMBaLlii B 4e6H0Ti 3aXBOPIOBAHHS, NPU LIbOMY iHTErpaList He3anexHUX NPeaUKTOPIB y CTPYKTYpPi MyMsTUBaPIiaHTHUX Modenei
[ae MOXIMBICTb NiABULLMTW TOYHICTb BU3HAYEHHS BiTANbHOMO Ta (hyHKLOHANbHOMO NPOrHO3Y.

Pa3paboTka MyAbTUBapUaHTHBIX MOAEAEH AN ONPEAEAEHUS KPaTKOCPOUHOTO BUTAALHOTO
U GpYHKLUMOHAABHOTO NPOrHO3a Y NaLMUEHTOB C FemMopparnueckum noAyLiapHbIM MHCYALTOM
B pebloTe 3aboneBaHuA

A.A. Ky3HeuoB

Lenb paGOTbI - paspaﬁoTaTb MynbTUBapUaHTHbIE MOAENN ANa onpeneneHna KpatkoCpo4HOro BUTalibHOro 1 (*)yHKLWIOHaJ'Ib-
HOro NporHo3a y nauneHToB C remopparn4eckum nosnyLiapHbiM UHCYNLTOM B [nebtoTe 3abonesaHus.

Marepuanbi u MmeToabl. [1poBEAEHO NPOCMEKTUBHOE, KOrOPTHOE, CpaBHUTENbHOE nccnegosaHve 203 nauyeHtos ¢ CCBMK
(121 My>xumHa 1 82 xeHLUMHbI, cpeaHuin BospacT — 65,1 + 0,8 roga), KoTopble 6binn rocnMTanuanpoBaHbl B nepeble 12 yacos
ot febiota 3aboneBaHnst 1 MoyyYany KOHCEPBaTHBHYHO Tepanuto. [Npy NocTynneHnn NpoBOANMM TECTUPOBAHUE MO KMNHK-
YECKUM LLIKaiam OLEHKW BbIpaXeHHOCTU HeBponorideckoro aedumumta (National Institute of Health Stroke Scale (NIHSS),
Glasgow Coma Scale, Full Outline of Unresponsiveness), onpegensnu o6beM o4ara NopaxeHus, CMeLLEHe Npo3payHo
neperopoaku v anudgusa, abcontotHoe cogepxanune nevikouutos (ACJ1), HenTpohunnos, NMMMEOLMTOB, MOHOLMTOB B Nepu-
dhepryeckoit KpoBM 1 HeUTpohun-numdoumnTapHoe cootHowwenne (HIC). dyHkumoHanbHeIn uexog (PU) ouenmBanm Ha
21 cyTku 3aboneBaHus No MOANMULMPOBAHHON LWkane PaHkuHa (MLUP), npu atom 3HaveHus >3 6anna paccmartpusanu B
KkadectBe HebnaronpusiTHoro ®WU, <3 — BnaronpuaTtHoro. [ins paspaboTku KpUTEPMEB NPOrHO3VMPOBaHNS MCMONb30BaNM METOS,
GWHapHOM NOTUCTUYECKOI Perpeccum.

PesynbraTtbl. B CTpyKType MCX0[0B OCTPOro nepuoga 3abonesaHns 3aperucTpyupoBaHsbl netanbHbin ucxoq (12,3 %), He-
GnaronpusTHeid (37,5 %) u GnaronpustHbin (51,2 %) OU. B pesynstate MynbTUBapUMaHTHOTO PETPECCUMOHHOTO aHanuaa
yCTaHOBMEHO, YTO 3Ha4YeHne cymmapHoro 6anna no NIHSS >16 (Se = 68,0 %, Sp = 93,3 %), cmeLLeHne Npo3payHoii nepe-
ropoaku >3 MM (Se = 84,0 %, Sp = 74,2 %) n ACI1 >8 600 kn/mkn (Se = 84,0 %, Sp = 62,4 %) B aebrote CCBMK Hesauncumo
aCcCoLMMpOBaHbI C NOBbILLIEHHBIM PUCKOM NMETanbHOro UCXofa OCTporo neproaa 3abonesanms B 12,8 (12,8-26,8) (p < 0,0001),
10,7 (3,8-29,8) (p < 0,0001) n 6,9 (2,4-19,3) (p = 0,0003) pasa cooTBeTCTBEHHO. 3Ha4eHne cymmapHoro 6anna no NIHSS
>9 (Se = 90,5 %, Sp = 66,3 %), cmeLLeHVe npo3padHon neperopopku 21 Mm (Se = 71,6 %, Sp = 71,2 %) n HINC >2,92
(Se = 86,5 %, Sp = 36,5 %) B nebiote CCBMK He3aBMNCMMO accoLMMpoBaHb! C MOBbILLEHHBIM PUCKOM HEBNAronpUsTHOrO
dhyHKLMOHanNBLHOro 1cxoda ocTporo nepuoga 3aboneeanus B 4,9 (2,9-8,3) (p < 0,0001), 2,9 (2,6-3,3) (p < 0.0001) n 2,4
(2,1-2,7) (p < 0,0001) pa3a cOOTBETCTBEHHO.

BbiBoabl. Pa3paboTaHbl MynbTUBapuUaHTHble MateMaTuyeckie Mogenu Ans npordosunposaHus netansHoro (AUC = 0,94
(0,89-0,97), p < 0,01; TouHOCTb MporHosuposanus = 91,7 %) n yHKUMOHaNbLHOro ucxoaa octporo nepuoga CCBMK
(AUC = 0,88 (0,83-0,93), p < 0,01), kOTOpbIE Y4MTBLIBAKOT COBOKYMHOCTb PE3YNETATOB KIMHWUKO-HENPOBU3Yanu3aLoHHOMO
CCMeoBaHms U BbIPaXEHHOCTb BOCMANUTENBHOM akTuBaLmum B AebtoTe 3aboneBaHws, Npy 3TOM MHTErpaLms He3aBUCUMbIX
NPEeAVKTOPOB B CTPYKTYPE MYNbTUBAPUAHTHBIX MOLENeN NO3BOMSIET NOBBLICUTL TOYHOCTb ONPEAENeHUst BUTANBHOTO U (yHK-
LIMOHarbHOrO NPOrHo3a.

Spontaneous hypertensive intracerebral hemorrhage
(ICH) is a global problem of modern medicine. A high
social significance of the disease is due to high rates
of adults’ mortality and disability in most countries of
the world [9].

One of the ways to increase the effectiveness of
treatment for patients with spontaneous supratentorial
cerebral hemorrhage (SSICH) is the earliest verification
of the individual vital and functional prognosis of the acute
period outcome of the disease, which would serve as
the basis for a differentiated choice of the optimal treat-
ment strategy [20]. All of the above justifies the advisability
of research, which is aimed at finding parameters asso-
ciated with the course and outcome of the acute period
of the disease.

A significant amount of data has been currently
accumulated. The data confirm the predictive value of
clinical-neuroimaging criteria for the assessment of the se-
verity in patients with SSICH (severity of neurological
deficit, lesion volume, etc.) [14,16].

However, SSICH is a multi-pathogenetic process. Not
only primary (in the form of direct mechanical destructive
effects produced by hematoma) but also secondary
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(thrombin-induced) mechanisms of brain damage act a
part in its progress [7]. Among the latter, the leading role
belongs to inflammatory activation. The response to ICH
occurs in four distinct phases: (1) initial tissue damage and
localization of inflammatory factors, (2) inflammation-dri-
ven breakdown of the blood-brain barrier, (3) recruitment
of circulating inflammatory cells and subsequent second-
ary immunopathology, and (4) engagement of the tissue
repair replies that promote tissue repair and restoration
of neurologic function [3]. On the basis of experimental
studies, it is convincingly shown that inflammatory mac-
rophages and neutrophils infiltrate the central nervous
system after ICH, with blood-derived macrophages,
the dominant phagocyte population in the ipsilateral
hemisphere from 12 hours to 7 days posthemorrhage
[6-8,12]. Blood-derived macrophages and neutrophils
become highly activated upon recruitment to the perihe-
matomal region after ICH in response to cytokines such
as tumor necrosis factor alpha and interleukin 1 beta, as
well as the inflammation-associated factors thrombin,
heme, and HMGB1. These inflammatory signals bind to
the cell surface receptors on myeloid cells, resulting in NF-
kB activation and production of inflammatory cytokines,
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reactive oxygen species, and nitric oxide that contribute
to tissue damage [9,13].

Anumber of clinical studies revealed the relationship
between some hematological markers of inflammatory ac-
tivation in the onset of ICH (increasing of leukocyte count,
neutrophil count, monocyte count, neutrophil-to-lympho-
cyte ratio) and the severity of cerebral syndrome, the le-
sion size, the presence of intraventricular hemorrhage,
the early neurologic deterioration due to hematoma
expansion [2,10,15,16].

Al of the above mentioned suggests that the assess-
ment of the severity of inflammatory activation with the use
of hematological markers in combination with clinical and
neuroimaging data will make possible the integration of
their prognostic value and will contribute to the develop-
ment of informative integral criteria for the verification of
the vital and functional prognosis of SSICH acute period
outcome in the very onset of the disease.

The purpose of this study

To develop multivariate models for the verification of short-
term vital and functional prognosis in patients with he-
morrhagic hemispheric stroke in the onset of the disease.

Materials and methods

A prospective, cohort, comparative study was conducted
in 203 patients with SSICH (121 men and 82 women,
mean age 65.1 + 0.8 years). They were hospitalized
within the first 12 hours since the onset of the disease
and received conservative therapy at Brain circulation
disorders Department of the Municipal Institution “City
Clinical Hospital No.6". The diagnosis was established on
the basis of clinical and neuroimaging criteria. Clinical and
neurological study included an assessment in accordance
with the National Institute of Health Stroke Scale (NIHSS),
Glasgow Coma Scale (GCS), Full Outline of UnRespon-
siveness Scale (FOUR) upon admission to the hospital
(NIHSS0, GCS0 and FOURO) and in the course of the dis-
ease. Neuroimaging study was carried out with the help of
Computed Tomography Scan “Siemens Somatom Spirit”
(Germany). The severity of the dislocation syndrome
was estimated in accordance with the displacement of
the septum pellucidum and pineal gland. The lesion size
(ICH volume) was calculated with the help of the following
formula: ICH volume (mL) = (A* B * C) / 2, where A, B,
C correspond to linear lesion size (cm). Upon admission
to the hospital, laboratory samples of whole blood from
the ulnar veins were taken into a test tube containing
EDTA. White blood cell counts were analyzed in the he-
matology laboratory of Municipal Institution “City Clinical
Hospital No.6” as standard of care. Admission white blood
cell count (AWBCC), admission neutrophil count (ANC),
admission lymphocyte count (ALC), admission monocyte
count (AMC), admission neutrophil percent (ANP), ad-
mission lymphocyte percent (ALP), admission monocyte
percent (AMP) and admission neutrophil-to-lymphocyte
ratio (ANLR) were detected.

The study excluded patients who have acute disor-
ders of cerebral circulation (transient ischemic attacks or/
and strokes) in the anamnesis, indications for neurosur-
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gical intervention, oncological and / or decompensated
somatic pathology, clinical criteria of infectious and in-
flammatory diseases in the onset of SSICH. The cases of
extracerebral cause of death (acute myocardial infarction,
pulmonary embolism, etc.) in accordance with the autopsy
results were also excluded.

The functional outcome of the acute period of the di-
sease was assessed on the 21 day in accordance with
the modified Rankin Scale (mRS), whereas >3 points on
this scale were considered as an unfavourable functional
outcome, <3 points were considered as a favourable
functional outcome.

Statistical analysis of the results was carried out with
the help of Statistica 6.0 software (StatSoft Inc., USA,
series number AXXR712D833214FAN5) and MedCalc
(version 16.4). The distribution normality of studied traits
was estimated on the basis of Shapiro-Wilk criterion. De-
scriptive statistics were presented in the form of mean and
standard error of mean (M £ m) for values with normal dis-
tribution and in the form of median (Me) and interquartile
range (Q,—Q,,) for parameters with the distribution that
differs from normal. To determine intergroup differences,
the Mann-Whitney test was used. Binary logistic regres-
sion method was used for the elaboration of prediction
criteria. To determine independent predictors, factors
that had significant predictive value throughout univariate
analysis were included step by step into the multivariate
model. The determination of prediction criteria in the form
of values of obtained binary logistic regression equations
with the optimum sensitivity (Se) and specificity (Sp) was
carried out on the basis of the ROC analysis. Compari-
son of prognostic criteria informativeness was made on
the ground of ROC-analysis. For evaluation of the links
between quantitative signs Fisher’s exact test and Chi-
square test were used. Odds ratio (OR) and relative
risk (RR) were calculated. Statistically significant were
the results with level P < 0.05.

Results of research

The values of studied indexes in patients upon admission
to the hospital are presented in Table 1.

Secondary intraventricular hemorrhage (IVH) was
verified in 127 (62.6 %) cases. Lethal outcome (12.3 %),
unfavourable functional outcome in the form of >3 points
according to the modified Rankin scale on the 21 day
of SSICH (37.5 %) and favourable functional outcome
in the form of <3 points (51.2 %) were registered in
the structure of acute period outcomes of the disease.
Lethal outcome was linked with hematoma progression
which was confirmed by clinical neurological investigation
(steady reduction of GCS score and FOUR score during
first 3-5 days from the disease onset) and autopsy.

It was determined that patients with a lethal outcome
in the acute period of SSICH had higher NIHSS score,
ICH volume, septum pellucidum displacement, pineal
gland displacement, AWBCC, ANC and AMC in the onset
of the disease, while GCS score, FOUR score and ALP
in this cohort of patients were statistically significantly
lower (Table 2).

The frequency of the secondary intraventricular hem-
orrhage (IVH) was higher in patients with lethal outcome

Maronoris. Tom 15, Ne 1(42), civeHb — kBiTeHb 2018 p.



(88.0 % versus 59.0 %, Fisher’s exact test P < 0.0001).
On the basis of univariate logistic regression analysis,
the following indicators were associated with the risk of a
lethal outcome of SSICH acute period: admission NIHSS
score, admission GCS score, admission FOUR score,
ICH volume, septum pellucidum displacement (SPD),
pineal gland displacement, presence of the secondary
IVH, AWBCC, ANC and AMC (Table 3).

In accordance with the data of multivariate regression
analysis it was determined that independent predictors
of the lethal outcome of SSICH acute period are: ad-
mission NIHSS score (OR (95 % Cl) = 1.20 (1.07-1.34),
P =0.0016), septum pellucidum displacement (OR (95 %
Cl) = 1.30 (1.16-1.53), P = 0.0009) and AWBCC (OR
(95 % Cl)=1.22 (1.03-1.44), P = 0.0234).

The optimal cut-off values of the admission NIHSS
score >16 (Se = 68.0 %, Sp = 93.3 %), septum pellucidum
displacement >3 mm (Se = 84.0 %, Sp = 74.2 %) and
AWBCC >8 600 cells/uL (Se = 84.0 %, Sp = 62.4 %)
were determined as for the lethal outcome prognosis of
SSICH acute period.

The frequency distribution of lethal outcome of
the SSICH acute period in terms of NIHSS score, septum
pellucidum displacement and AWBCC is shown in Table 4.

As a result, the admission NIHSS score >16,
septum pellucidum displacement >3 mm and AWBCC
>8 600 cells/yL are associated with an increased risk of
the lethal outcome of the acute period of SSICH by 12.8
(12.8-26.8) (P <0.0001), 10.7 (3.8-29.8) (P <0.0001) and
6.9 (2.4-19.3) (P = 0.0003) times respectively.

For the purpose of acute period of SSICH lethal out-
come predictors prognostic value integration a multivariate
mathematical model was elaborated in the form of a binary
logistic regression equation, as follows: 1 = 0.181*[ad-
mission NIHSS score] + 0.266*[septum pellucidum dis-
placement (mm)] + 0.000196*[AWBCC (cells/uL)] — 7.75.

The approximation accuracy of the interrelation
between predictors and dependent variable constituted
91.7% (Chi-square = 74.6, P < 0.0001; Hosmer & Leme-
show test P = 0.72).

It was detected that informativeness of multivariate
mathematic model statistically exceeds informativeness
of separate predictors usage in prognosis of SSICH lethal
outcome (AUC,, = 0.94 (0.89-0.97) vs AUC, ., = 0.85
(0.80-0.90), P = 0.0442; AUC,, = 0.94 (0.89-0.97) vs
AUC, = 0.84 (0.78-0.88), P = 0.0253; AUC,, = 0.94
(0.89-0.97) vsAUC,, ... = 0.79 (0.73-0.85), P = 0.0008).

On the basis of the ROC-analysis it was determined
that the value B1 > -1.27 is the predictor of the lethal
outcome of SSICH acute period with sensitivity levels
84.0 % and specificity levels 94.9 %.

It was determined that patients with an unfavourable
functional outcome in SSICH acute period were statisti-
cally distinguished by the following criteria in the onset
of the disease: age, admission NIHSS score, admission
GCS score, admission FOUR score, ANC,ALC, ANP, ALP,
ANLR. No intergroup differences were found in relation
to AWBCC level (Table 5).

The frequency of secondary intra-cerebral hemor-
rhage was higher in patients with unfavourable func-
tional outcome (71.2 % versus 51.0 %, Chi-square test
P =0.0109).
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Table 1. Values of studied indexes in patients upon admission to the hospital (M + m)

ndex it [vae

Admission NIHSS score
Admission GCS score
Admission FOUR score
ICH volume, mL

Septum pellucidum displacement, mm

Pineal gland displacement, mm

AWBCC, cells/uL
ANC, cells/uL
ALC, cells/uL
AMC, cells/uL
ANP, %

ALP, %

AMP, %

ANLR

11.20 £ 0.44
13.10 £0.20
14.50 £ 0.18
20.00 £ 1.66
2.80+0.26
2.30+0.22
8500 +210
6700 £ 200
1400 + 40
40020
76.50 £ 0.64
17.70 £ 0.55
5.00+0.20
6.20 £0.39

Table 2. Analysis of intergroup differences between indexes in patients in the onset
of SSICH versus the acute period outcome of the disease, Me (Q

Non-lethal outcome
(n=178)

Age, years

Admission NIHSS score
Admission GCS score
Admission FOUR score
ICH volume, mL

Septum pellucidum
displacement, mm

Pineal gland displacement,
mm

AWBCC, cells/pL
ANC, cells/uL
ALC, cells/pL
AMC, cells/uL
ANP, %

ALP, %

AMP, %

ANLR

Lethal outcome
(n=25)

61.0 (52.0-75.0)
20.0 (15.0-28.0)
10.0 (5.0-13.0)
13.0 (7.0-14.0)
55.4 (27.1-78.0)
10.0 (4.0-12.0)

5.0 (3.0-10.0)

10 400 (8 800-13 800)
9000 (6 30010 800)
1400 (1 100-2 000)
500 (300-900)

82.0 (72.0-87.0)

12.0 (9.0-18.0)

5.0 (4.07.0)

7.00 (3.83-9.89)

66.0 (58.0-75.0)
9.0 (6.0-14.0)
15.0 (14.0-15.0)
16.0 (15.0-16.0)
9.6 (4.4-20.7)
0.0 (0.0-4.0)

0.0 (0.0-3.0)

7 700 (6 300-9 600)
5800 (4 4007 800)
1300 (1 0001 700)
300 (200-500)

76.0 (70.0-82.0)
18.0 (12.0-24.0)
40 (3.0-6.0)

419 (2.92-6.54)

0.2004

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

<0.0001

<0.0001
<0.0001
0.2682
0.0008
0.0645
0.0214
0.2443
0.0268

Table 3. Dependent and independent predictors of lethal outcome of SSICH acute
period (univariate and multivariate logistic regression models)

Admission NIHSS score
Admission GCS score
Admission FOUR score
ICH volume, mL

Septum pellucidum
displacement, mm

Pineal gland displacement,
mm

Presence of the secondary
IVH

AWBCC, cells/uL
ANC, cells/uL
AMC, cells/uL

Univariate logistic

regression model
OR (95 % Cl)
1.33(1.21-1.45

)
0.66 (0.58-0.76)
0.65 (0.55-0.76)
1.06 (1.04-1.08)
1.49 (1.31-1.70)

1.51 (1.30-1.75)
356 (1.17-10.82)

1.35 (1.18-1.54)
1.32 (1.16-1.51)
8.15 (2.45-26.80)

Multivariate logistic

regression model

P [OR(95%CI)

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

1.20 (1.07-1.34)

1.30 (1.16-1.53)
<0.0001
0.0124

<0.0001
<0.0001
0.0005

1.22 (1.03-1.44)

0.0016

0.0009

0.0234
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Table 4. Frequency distribution of lethal outcome of the acute CHSS period
in terms of NIHSS score, septum pellucidum displacement and AWBCC

Parameters Value Number Lethal outcome
of patients of the SSICH acute
period (%)

Admission NIHSS score

Septum pellucidum
displacement, mm

AWBCC, cells/uL

58.6
174 4.6
67 323
136 29
88 239
115 3.5

Table 5. Analysis of intergroup differences of studied indexes in patients in the
onset of SSICH in comparison with the functional outcome of the acute period of the

disease, Me (Q,.—Q,;)

mRS score <3 mRS score >3
on the 21+t day of SSICH | on the 21¢! day of SSICH
(n=104) (n=74)

Age, years

Admission NIHSS score
Admission GCS score
Admission FOUR score
ICH volume, mL

Septum pellucidum
displacement, mm

Pineal gland displacement,
mm

AWBCC, cells/uL
ANC, cells/uL
ALC, cells/uL
AMC, cells/uL
ANP, %

ALP, %

AMP, %

ANLR

63.0 (57.0-73.0)
7.0 (5.0-9.3)
15.0 (14.0-15.0)
16.0 (15.0-16.0)
6.5 (2.5-14.1)
0.0 (0.0-1.3)

0.0 (0.0-2.0)

7 400 (6 100-9 200)
5500 (4 2007 400)
1400 (1 100-1 800)
300 (200-500)

75.0 (67.8-79.3)
19.0 (14.0-25.0)
5.0 (3.07.0)

3.92 (2.74-5.61)

71.0 (60.3-77.0) 0.0016
14.0 (10.3-16.0) <0.0001
14.0 (12.0-15.0) <0.0001
15.0 (14.0-16.0) <0.0001
135 (6.2-29.7) 0.0001
3.0 (0.0-5.0) <0.0001
2.0 (0.0-4.0) <0.0001
8000 (6 800-9 800) 0.0808
6 300 (4 800-8 300) 0.0291
1100 (9001 500) 0.0015
300 (200-500) 0.8065
79.0 (73.0-86.8) 0.0009
155 (10.0-21.0) 0.0006
4.0 (3.0-6.0) 0.2879
5.28 (3.39-8.70) 0.0006

Table 6. Dependent and independent predictors of the unfavourable functional
outcome of SSICH acute period in the form of mRS score t3 on the 215 day
of the disease (univariate and multivariate logistic regression models)

Age, years

Admission NIHSS score
Admission GCS score
Admission FOUR score
ICH volume, mL

Septum pellucidum
displacement, mm

Pineal gland displacement,
mm

Presence of the secondary
IVH

ANC, cells/uL
ALC, cells/uL
ANP, %

ALP, %
ANLR

Univariate logistic

regression model
OR (95 % CI)
1.04 (1.01-1.07

1.42(1.28-1.57
0.80 (0.69-0.93
0.81(0.66-0.99
1.04 (1.02-1.07
1.42 (1.23-1.64

1.46 (1.24-1.72)
422 (2.15-8.30)

1.16 (1.03-1.31)
0.35 (0.18-0.66)
1.06 (1.03-1.10)
0.92 (0.88-0.96)
1.18 (1.08-1.29)

[P [or@5%C)

Multivariate logistic
regression model

0.0044
<0.0001
0.004
0.0405
0.0005
<0.0001

1.34(1.20-1.50)  <0.0001

1.20 (1.02-1.41)  0.0309

<0.0001
<0.0001

0.0135
0.0013
0.001

0.0002
0.0004

1.10(1.00-1.21)  0.0472
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On the basis of univariate logistic regression analysis,
it was determined that the following indexes are asso-
ciated with the risk of unfavourable functional outcome
of SSICH acute period: age, admission NIHSS score,
admission GCS score, admission FOUR score, ICH
volume, septum pellucidum displacement, pineal gland
displacement, presence of the secondary IVH, ANC, ALC,
ANP, ALP and ANLR (Table 6).

In accordance with the data of multivariate regression
analysis it was determined that independent predictors
of the unfavourable functional outcome of SSICH acute
period are: admission NIHSS score (OR (95 % Cl) = 1.34
(1.20-1.50), P < 0.0001), septum pellucidum displace-
ment (OR (95 % CI) =1.20 (1.02-1.41), P = 0.0309) and
ANLR (OR (95 % CI) = 1.10 (1.00-1.21), P = 0.0472).

The optimal cut-off values of the admission NIHSS
score >9 (Se =90.5 %, Sp = 66.3 %), septum pellucidum
displacement 21 mm (Se = 71.6 %, Sp = 71.2 %) and
ANLR >2.92 (Se =86.5 %, Sp = 36.5 %) were determined
as for the unfavourable functional outcome prognosis of
SSICH acute period.

The frequency distribution of unfavourable functional
outcome of the SSICH acute period in terms of NIHSS
score, septum pellucidum displacement and ANLR is
shown in Table 7.

As a result, the admission NIHSS score >9, septum
pellucidum displacement 21 mm and ANLR >2.92 are
associated with an increased risk of the unfavourable
functional outcome of the acute period of SSICH by 4.9
(2.9-8.3)(P<0.0001),2.9(2.6-3.3) (P<0.0001)and 2.4
(2.1-2.7) (P < 0.0001) times respectively.

For integration of the prognostic values of predictors of
SSICH acute period unfavourable functional outcome mul-
tivariate mathematical model was elaborated in the form
of a binary logistic regression equation, as follows:
2 =0.294*[admission NIHSS score] P1 + 0.179*[septum
pellucidum displacement] + 0.096*[ANLR] — 4.27.

The approximate accuracy of the interrelationship
between predictors and dependent variable constituted
80.9 % (Chi-square = 81.46, P < 0.0001; Hosmer & Le-
meshow test P =0.24; AUC = 0.88 (0.83-0.93), P <0.01).

It was revealed that elaborated mathematic model
is statistically informatively higher than single application
of separate predictors for prognosis of SSICH acute
period FO (AUC,, = 0.88 (0.83-0.93) vs AUC,,,=0.80
(0.73-0.86), P = 0.0265; AUC,, = 0.88 (0.83-0.93) vs
AUC, = 0.73 (0.66-0.80), P = 0.0008; AUC,, = 0.88
(0.83-0.93) vs AUC,,, .= 0.65 (0.58-0.72), P < 0.0001).

On the basis of the ROC-analysis it was determined
that the value B2 > -1.51 is the predictor of the favourable
functional outcome of SSICH acute period with the sensi-
bility levels 94.7 % and specificity levels 70.2 %.

Discussion

Thus, our study revealed higher values of admission
NIHSS score, ICH volume, septum pellucidum displace-
ment and pineal gland displacement and lower values
of admission GCS score, admission FOUR score in
patients with increased risks of a lethal outcome and
unfavourable functional outcome of SSICH acute period.
It accords with the results of other studies which prove
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a high predictive value of clinical and neuroimaging
parameters, reflecting the severity of primary damage
of the brain tissue due to direct destructive influence of
hematoma [14,16]. Among neuroimaging parameters,
an independent association with a risk of death and
functional disability was detected in septum pellucidum
displacement, which confirms the leading role of the dis-
location syndrome in the realization of unfavourable
variants of SSICH acute period outcome. However,
according to the results of our research the indepen-
dent association between ICH volume as compared to
septum pellucidum displacement and pineal gland dis-
placement was not determined. To our opinion absence
of ICH volume in the specter of independent lethal and
unfavourable functional outcome predictors according to
multivariate analysis testify to the limitation of the prog-
nostic value of this parameter without taking into account
the degree of perihematomal edema. The frequency of
the secondary IVH was significantly higher in patients
with unfavourable vital prognosis and functional progno-
sis of SSICH acute period outcome. However presence
of the secondary IVH was not independently associated
with SSICH acute period outcome.

Patients with an increased risk of lethal outcome
revealed higher values of admission white blood cell
count. The obtained data accord with the results of other
studies. Thus, in accordance with W. Sun [et al.] (2012),
leucocytosis was predictive of early neurological deteri-
oration within the first 72 hours after ICH [16]. In a study
by R. Behrouz [et al.] (2015), an inverse relationship
between leukocyte count and GCS score in admission
was shown. However, there was no correlation between
admission leukocytosis and poor outcome at discharge,
as it was not in our study [4].

On the basis of the results of our study, the up
AWBCC level in patients with an increased lethal risk
of SSICH acute period outcome is due to the combined
ANC and AMC elevation, which accords with the results
of other studies which proved the role of blood-derived
neutrophils and macrophages in the course of ICH
acute period. In a study by S. Lattanci [et al.] (2017), it
was determined that white blood cell count, neutrophil
count and neutrophil-to-lymphocyte ratio on the 15t day
from ICH onset were independently associated with
neurological deterioration [10]. In a study by O. Adeoye
[et al.] (2014), it was determined that the higher initial
white blood cell count and neutrophil count were as-
sociated with higher ICH volume, whereas AMC was
not. Baseline AMC was associated with greater odds
of 30-day case fatality [1]. A study by A. Morotti et al.
(2016) revealed that monocyte count is associated with
higher risk of hematoma expansion [11]. In a study by
M.D. Hammond et al. (2014) it was discovered that after
ICH, the blood-derived CCR2 + Ly6C (hi) inflammatory
monocytes were trafficked into the brain, outhumbered
by other leukocytes, and produced tumor necrosis factor.
These findings suggest that blood-derived inflammatory
monocytes and neutrophils contribute to neurological
disability and secondary injury after ICH (hematoma
expansion and / or cerebral edema) [6].

The results that we obtained demonstrated the in-
terrelation between ANLR increase in patients with an
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Table 7. Frequency distribution of unfavourable functional outcome of the SSICH
acute period in terms of NIHSS score, septum pellucidum displacement and ANLR

Parameters Value Number Unfavourable functional outcome
of patients of the SSICH acute period (%)
9 87
9 91

Admission NIHSS score > 70.1
< 14.3
Septum pellucidum 21 83 63.9
displacement, mm 0 95 221
ANLR >2.92 130 49.2
<2.92 48 20.8

increased risk of lethal outcome and an unfavourable
functional outcome, which accords with the results of
other studies. Thus, in a study by F. Wang [et al.] (2016),
NLR on the next morning the following admission was
significantly higher in the patients who died (12.53 £ 9.33)
than in those who survived (5.53 +4.68) (P < 0.001) [17].
A study conducted by C. Tao [et al.] (2017) revealed that
higher AWBCC, ANC and NLR were independently asso-
ciated with mortality and worse functional outcome. These
hematological markers of inflammatory activation were
correlated with admission Glasgow Coma Scale score
and ICH volume [16]. At the same time, in accordance
with the results of our multivariate logistic regression
analysis, ANLR significance as an independent predictor
was demonstrated to only verify the functional prognosis
of SSICH acute period outcome. The obtained data
accord with the results of a meta-analysis conducted
by J. Zhang [et al.] (2017), which revealed that higher
NLR was associated with a poorer functional outcome
at 3 months, while higher NLR was not associated
with higher risk of death at 3 months [19]. A study by
A. Giede-Jeppe et al. (2017) also revealed that patients
with an ANLR under the 25" percentile — compared to
patients with an ANLR above the 25" percentile presented
with a better clinical status, lower hematoma volumes on
admission and showed a better functional outcome [5].
In our study, on the basis of the ROC analysis, it was
discovered that the value of ANLR >2.92 is characterized
by an optimal sensitivity and specificity ratio for the iden-
tification of patients with a favourable functional outcome
of the acute period of the disease (RR = 2.4 (2.1-2.7),
P <0.0001).

Thus, the study made it possible to confirm and
clarify the diagnostic significance of some hematolog-
ical markers of inflammatory activation in the onset of
SSICH (increasing of AWBCC (due to the combined
ANC and AMC elevation) and ANLR) for the determina-
tion of vital and functional prognosis of the acute period
outcome. The most informative parameter that reflects
the severity of inflammatory activation in the onset of
SSICH is AWBCC for the determination of the vital
prognosis of the acute period outcome of the disease,
whereas ANLR is a more informative parameter for
the determination of the functional outcome. Based
on the research, informative multivariate mathematical
models were also developed. They make it possible to
identify with accuracy patients with an increased risk of
a lethal outcome and an unfavourable functional out-
come of the acute period of the disease in the first 24
hours from the SSICH onset. It is possible to be done
on the basis of a comprehensive assessment of clin-
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ical neuroimaging data and hematological markers of
inflammatory activation. At the same time, mathematic
models that were elaborated exceed the separate pre-
dictors on informativeness and integrate the prognostic
value of them, which justifies the advisability of their
use in routine clinical practice as a one of the methods
of choosing the optimal treatment strategy.

Conclusions

1. Admission NIHSS score >16 (Se = 68.0 %,
Sp = 93.3 %), septum pellucidum displacement >3 mm
(Se =84.0 %, Sp = 74.2 %) and AWBCC >8 600 cells/uL
(Se =84.0 %, Sp =62.4 %) are independently associated
with an increased risk of the lethal outcome of the acute
period of SSICH by 12.8 (12.8-26.8) (P < 0.0001), 10.7
(3.8-29.8) (P < 0.0001) and 6.9 (2,4-19,3) (P = 0.0003)
times respectively.

2. Admission NIHSS score >9 (Se = 90.5%,
Sp = 66.3 %), septum pellucidum displacement 21 mm
(Se=71.6 %, Sp=71.2%)and ANLR >2.92 (Se = 86.5 %,
Sp = 36.5 %) were independently associated with an in-
creased risk of the unfavourable functional outcome of
the acute period of SSICH by 4.9 (2.9-8.3) (P < 0.0001),
2.9(2.6-3.3) (P <0.0001)and 2.4 (2.1-2.7) (P < 0.0001)
times respectively.

3. Multivariate model for SSICH acute period lethal
outcome prediction was elaborated, which takes into
account admission NIHSS score, septum pellucidum dis-
placement, AWBCC (AUC = 0.94 (0.89-0.97), P < 0.01;
predictive accuracy = 91.6 %) and exceeds informative-
ness of the predictors in case of their single use.

4. Multivariate model for SSICH acute period func-
tional outcome prediction was elaborated, which takes
into account admission NIHSS score, septum pellucidum
displacement, ANLR (AUC = 0.88 (0.83-0.93), P < 0.01;
predictive accuracy = 81.5 %) and exceeds informative-
ness of the predictors in case of their single use.

The perspective for the further scientific research
is the elaboration of criteria for the prediction of the course
of SSICH acute period on the basis of the evaluation of
the dynamics of inflammatory activation markers.
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