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Abstract Stroke is the most important medical and social problem, due to its high
proportion in morbidity, subsequent disability and mortality among patients of working age.
The purpose of the study. Prediction of the course of the acute period of hemorrhagic
parenchymal stroke (supratentorial hemispheric hematomas) based on neuroimaging data
(localization, lateralization, hematoma volume) and neurophysiological data.
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Materials and methods. 102 patients suffering from hemorrhagic stroke were
examined. The assessment of the level of consciousness, focal neurological syndromology,
neuroimaging data, neurophysiological data (EEG, heart rate variability, auditory potential
associated with the event) was carried out. The condition of patients at admission and in
dynamics was assessed on the basis of the Glasgow Coma Scale, the extended Glasgow Coma
Scale and NIHSS Results. Based on the results of cluster analysis and expert assessments, two
groups of patients were identified - with a relatively favorable and unfavorable course of the
acute period of hemorrhagic stroke. Differences in neurophysiological parameters in the
groups were established: an increase in the power of theta oscillations and a decrease in the
frequency of theta oscillations of the electroencephalogram, a decrease in the amplitude of the
N2P2 component of the cognitive evoked potential P300, an increase in heart rate during an
unfavorable course. An artificial neural network has been created to predict the course of an
acute period of hemorrhagic stroke upon admission.

Pe3ome WHCy/AbT sBJseTCS BaKHeWIlled MeJUKO-COLMaJbHON MpPo06JeMO, 4YTO
00yCJIOBJIEHO €ro BbICOKOHW Jl0Jiel MpU 3a060/1€eBaeMOCTH, NMOCJAeAyolleld WHBAJUAHOCTU U
CMEpPTHOCTH CpeJd TMalUEeHTOB TPYAOCIOCOOHOro Bo3pacta. Llenb wucciaegoBaHUS.
[IporHo3MpoBaHMe TeyeHHUS] OCTPOro IMepuoJia reMopparuyeckoro mnapeHXUMaTO3HOro
MHCYyJIbTa  (CympaTeHTOpUAJbHBIX MOJIYIIAPHBIX TeMaTOM) Ha OCHOBE  JJaHHBIX
HeWpOBU3yaJIU3aLUU (iokanusanus, JlaTepaJjiu3anus, 00bEM reMaToMbl) v
HeHpoPU3HO0JIOTUYECKUX JJAHHBIX.

KirouyeBble cioBa: reMopparuvdeckud wuHcysabT, NHISS, kiactepHbld aHanus,
HEHWPOHHas CETh
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Matepuasisl U MetoAbl. O6ciegoBaHo 102  manMeHTOB,  CTPaJaKIIUX
reMopparu4yeCKuM HWHCyJbTOM. IlpoBojgusiach OlLleHKa YpPOBHS CO3HAHMUS, 0YaroBOM
HEBPOJIOTUYECKOUN CUHJIPOMOJIOTHH, JAHHbIX HEUPOBU3yaIu3al i, HEHPOPHU3U0JIOTrUUECKUX
JaHHbIx (I3, BapruabesbHOCTb CEpPAEYHOr0 PUTMA, CIAYXOBOW NMOTEHIMAJ, CBS3aHHBIHA C

N\

coobpiTHeM). CocTosiHMEe OOJIbHBIX MPH MOCTYIJIEHUM U B JUHAMUKE OIeHHWBAJIOCh Ha
OCHOBAaHUHU LIKaJbl KOMBI [J1a3ro, paciimpeHHOU wwKaJbl KOMbI ['y1azro u NIHSS PesynbTaThl.
Ha ocHOBe pe3y/IbTaTOB KJIaCTEepPHOIr'0 aHaJIM3a Y 3KCIIEPTHBIX OLLeHOK BbIZ|eJIEHO J1Be IPYIIIIbI




INTERNATIONAL BULLETIN OF APPLIED SCIENCE IBAST

AND TECHNOLOGY UIF = 8.2 | SJIF = 5.955 ISSN: 2750-3402

NAIlMEHTOB - C OTHOCHUTEJbHO OJIarONPUSATHBIM W He6JAaronpUsTHBIM TedeHUeM
OCTpOTO nepuoja reMopparu4ecKkoro MHCYJIbTA. YcTaHOBJIEHBI pas3aindus
HelpodU3HOJIOTUYECKHUX TTOKa3aTesiell B rpymnnax: yBeJudyeHrue MOLUHOCTU TeTa-KoJebaHun
Y YMeHbllleHHe YaCTOThl TeTa-KoJIebaHUH 3/1eKTPo3HIedasorpaMMbl, CHUXKEHHE aMILJIUTY AbI
N2P2-KkoMnoHeHTa KOTHUTUBHOI'O BbI3BaHHOro noreHuuasa P300, yBesnyeHHe 4acTOTHI
Cep/leuHbIX COKpallleHUWH Mpu HebsaronpusasTHoM TedyeHUM. Co3JjlaHa HCKYCCTBEHHas
HelpoHHasi ceTb, TMO3BOJIAOLAS NPOTHO3UPOBATh TeYEeHHE OCTPOro Inepuoja
reMopparu4ecKoro MHCy/JbTa NPy NOCTYNJIEHUH.

According to statistical studies by the American Heart Association, according to
NHANES, 7.2 million Yankees over the age of 20 had a violation of cerebral circulation during
the 2011-2014 stage. Every year, approximately 795,000 people experience a fresh or
recurrent heart attack, within 610,000 of them - an initial heart attack, and 185,000 -
repeated cases. Of all strokes, 87% are ischemic strokes, 10% are hemorrhagic strokes and
3% are subarachnoid hemorrhages [1, 2, 3]. There is no clear municipal stroke statistics in
our country. Only the total number of cerebrovascular diseases is counted. Forecasting the
course of the acute period of hemorrhagic infarction forms 1 of the timely tasks of
angioeducology, in fact, which is justified by the extreme stress of compensatory and adaptive
devices of the body in the acute stage of cerebral hemorrhage, greater mortality in this stage,
and also by the fact that the direction of the acute period of hemorrhagic infarction largely
determines long-term monitoring both in the project of public rehabilitation and active
rehabilitation (disability), for example, in the project properties of the life of patients [4, 5].
According to the literature [6], the main point determining the direction of the acute period is
considered to be the localization and volume of hemorrhage and, in many respects, the degree
of focal neurological symptoms consistent with the paradoxes.

The aim of the study is to predict the course of the acute period of hemorrhagic
parenchymal infarction (supratentorial hemispheric hematomas) on the basis of
neuroimaging data (localization, lateralization, hematoma volume) and neurophysiological
data based on machine learning technology. Materials and methods the study included 86
patients (46 men, 40 women) with an established diagnosis of hemorrhagic infarction, the
average age was 67.65 years. The diagnosis was established on the basis of clinical
examination data, neuroimaging data (X-ray computed tomography) and anamnesis data. The
diagnosis of hemorrhagic stroke was determined on the basis of neuroimaging data, medical
syndrome-logy and anamnesis (features of the onset and course of the disease), clinical and
laboratory data. The qualities of inclusion in the study included: - non-traumatic hemispheric
hematoma of supratentorial localization confirmed by computed tomography, verified on the
day of admission; - the absence of painful indications for surgical healing. The qualities of
exclusion were: - subtentorial localization of hematomas (cerebellar, stem); - subarachnoid
hemorrhages, aneurysmal hemorrhages; - ventricular hemorrhages. The condition of patients
at admission and in dynamics was assessed on the basis of the Glasgow Coma Scale (SCG), the
extended Glasgow coma scale and NIHSS [7]. The assessment of the meaning of consciousness
according to the SHG was carried out in the usual way in points from 3 to 15 based on the eye
opening reaction, motor reaction, and speech reaction. The oppression of neurological
symptoms in the acute period of hemorrhagic infarction was assessed using the NHISS scale
with an assessment of the meaning of consciousness, focal neurological symptoms. To assess
the dynamics of the condition of patients with hi?orrhagic infarction, the properties of NIHSS
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were evaluated, as well as the Glasgow coma scales on the 1st (day of admission), 3rd

and 21st days. Initially, the isolation of a group of patients with a negative unpleasant period
was based on the death of the sick due to edema-swelling of the brain and central asphyxia,
beyond dependence on the meaning of the initial neurological defect. Among the surviving
patients, the cluster analysis method additionally focused on subgroups with different
dynamics of neurological deficiency. After that, these subgroups were evaluated by the level of
dynamics of focal neurological status and the level of disorders of consciousness, the final
groups of patients were formed: group 1 - patients with a favorable course (regression of
neurological deficit), group 2 - patients with an unfavorable course (death of patients in the
period from 1st to 28th day, stable pronounced neurological deficit or its build-up) The heart
rate (HR), mean square deviation, coefficient of variation, voltage index of regulatory systems
were evaluated. The power analysis of the spectral components of the dynamic series of
cardiointervals was performed with the determination of the power of slow waves of the 1st
order (LF), slow waves of the 2nd order (VLF) [10, 11] Statistical differences between the
groups were estimated using nonparametric statistics using the Mann- Whitney criterion U
(Z), the description of the data assumed the allocation of the median (Me), lower (LQ) and
upper quartile (UQ). The creation, training and testing of artificial neural networks was
created using the Statistica 10.0 Ru program [12, 13]. As a control group (to assess the validity
of the applied neurophysiological indicators), a group of patients (28 people) with dorsopathy
of the cervical spine (moderate musculotonic syndrome), beyond the acute stage without
neurological disorders, indications of episodes of impaired cerebral circulation in the
anamnesis and symptoms of compression and hemodynamically important stenoses of the
main vessels of the cervix were examined. according to ultrasound Dopplerography. Results
Based on cluster analysis and expert assessments, appropriate groups of patients with
hemorrhagic infarction were given - group 1 (favorable direction, 37 patients) and group 2
(unfavorable direction, 38 patients) (Table 1). Table 2 shows the comparative intergroup
properties between patients with hemorrhagic infarction. The groups with a suitable and
negative course differed statistically significantly according to the results

Table 1 Clinical characteristics of subgroups, Me (LQ; UQ)
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Indicator Group 1| Group 2 (adverse | Statistical differences
(favorable course) U p
current)

NIHSS, 1stday | 6 (4; 8) 18 (12; 27) -6,2 0,001

NIHSS, 3-st| 4(3;6) 17 (11; 27) -5,6 0,001

day

NIHSS, 28-st| 4(2;6) 17 (13; 26) -5,7 0,001

day

IIKT, 1stday | 15(13;15) 10 (3;13) 5,2 0,001

IIKT, 3-stday | 15 (13;15) 10 (3; 13) 3,6 0,001

IIKI,  28-st| 15 (14;15) 12 (3;13) 3,6 0,001

day ‘

Note. When analyzing the indicators in group 2 on the 3rd and 21st days, deceased
patients were excluded.
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Latencies in the leads Pz, Cz and Fz; amplitudes P2N2 - in the leads Pz and Cz, and also

according to heart rate variability, such as SDNN, VLF and LF. The creation, study and testing
of artificial neural networks were brought to life with the support of the Statistica 10.0 Ru
software package. The development of machine learning hoped to create 2 groups of neural
networks: the 1st group - to conclude a forecasting task based only on the characteristics of
neuroimaging, the 2nd group - to conclude a forecasting task based on an ensemble of both
neurophysiological, for example, and neuroimaging characteristics. Thus, an assessment of
the role of a group of neurophysiological characteristics in predictive assessment was
expected. To improve the properties of the model, we proposed to expand the number of
predictors due to the characteristics (neurophysiological correlates) of the value of the
interaction of stem modulating structures (power and frequency of theta oscillations in
frontal leads), devices for identifying the presented auditory catalyst (amplitude and latency
of the N2 component of the endogenous evoked potential P300), as well as vegetative
regulation devices (variability indicators heart rate). The provided neural network provided a
multi-layered perceptron with 17 input neurons, 9 neurons of the perineal layer and 2 output
neurons. The performance of the student selection was 100%, control - 85%, test 95% (MLP
22-9-2; 100:85:95). Table 3 demonstrates the classification properties of the artificial neural
network provided. Table 4 shows the predictors used to conclude the prediction problem. The
operational data curve for the artificial neural network provided is shown in Figure 1.
Consideration Characteristics reflecting the relationship of cortical-subcortical structures and
regulation of the active state of the brain (frontal structures - characteristics of the frequency
and power of theta oscillations), neurophysiological correlates of identification of the
presented catalyst (indicators of P2N2 and latency N2), as well as properties of central
devices of vegetative regulation of work were integrated into the study. As follows in the
footsteps of the presented results, the heterogeneity of the group of patients with a painful
level of consciousness is naturally associated with the volume of a hematoma, which is
actually guided by a specific loss of brain tissue, for example, perifocal edema and secondary
neurodynamic disorders. The results of the cluster analysis showed the identification of
groups with a relatively suitable and negative course of hemorrhagic infarction. The correlate
of the negative dynamics turned out to be reduced bioelectrogenesis in the associative zones
of the cortex during identification of the catalyst and acceptance of the conclusion, and the
unfavorable dynamics of the value of consciousness in this case corresponded to a decrease in
the amplitude and greater latency of P2ZN2 peaks, reflecting insufficient activation of cortical
structures during identification of the catalyst. The unfavorable direction is characterized by a
decrease in the activation of the associative zones of the cortex during identification of the
catalyst, an increase in heart rate variability, an increase in the spectral power of fluctuations
reflecting the energy of suprasegmental centers of vegetative regulation. Thus, the inclusion of
additional neurophysiological predictors allowed us to make a better model for predicting the
course of the acute period of hemorrhagic infarction. Modern applied mathematical data
processing technologies make it possible to effectively solve the problem of systematization of
early outcomes in patients with hemorrhagic infarction. In addition, the introduction of
methods of multidimensional statistics (cluster analysis and the doctrine of the artificial
origin of neural networks) allows us to rank the studied characteristics, identify more
important ones and build predictive models based on them. Machine learning methods make
it possible to create methods for predicting ihi significance of patients' consciousness, the
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acute period of formation of intracerebral hematomas of supratentorial localization,

the likely formation of disease outcomes in patients with non-traumatic intracerebral
hematomas based on the characteristics of neurophysiological characteristics, and also the
volume of the hematoma. The most significant factors for the prognosis of hemorrhagic stroke
are: hematoma volume; parameters reflecting the relationship of cortical-subcortical
structures and regulation of the functional state of the brain (frontal structures - indicators of
the frequency and power of theta oscillations), neurophysiological correlates of recognition of
the presented stimulus (peak amplitude P2ZN2 P300 and latency N2); characteristics of the
central mechanisms of autonomic regulation of activity (power spectrum of HRV oscillations
in the range of very low frequency oscillations).
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