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Abstract

Aim - to develop a multivariate weighted assessment model for analyzing
the influence of individual risk factors for acute ischemic cerebrovascular
accidents on the course of ischemic stroke with concurrent carotid stenosis
of varying severity.

Material and methods. The study involved 606 in-patients receiving
treatment for the acute ischemic stroke. The patients were divided into three
groups according to the NASCET scale for severity of carotid stenosis. In all
patients, we identified the risk factors for the stroke development, the size
of the ischemic locus according to the CT imaging, the patient’s condition
at admission and discharge from the hospital using the NIHSS, Rankin, and
Rivermead scales.

Results. The estimated indicators were represented by different measurement
scales, so there was a need to bring them to the universal basis. A weighted

assessment model required assigning weights for each component of the new
index. A multivariate weighted assessment was modeled in order to identify
the main factors influencing its variation. We selected the risk factors for acute
ischemic cerebrovascular accidents, built the regression models, performed
the statistical analysis and assessed their quality.

Conclusion. The regression models are helpful in covering a wide range of
factors and mathematically expressing their relationship with performance
indicators. The developed logistic regression models demonstrated the degree
of positive or negative influence of various risk factors on the course of
ischemic stroke in the studied groups of patients.
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MHOFOMepHaﬂ B3BelWweHHada OLleHKa B aHain3e Tte4eHus
nuwemMun4vHeckoro MHCyJibta Ha Ct)OHe KapoTugHoro
CTeHO3a pa3J1VI‘-IHOi:1 CcTeneHu BbipaXeHHOCTHU

A.C. TkaveHko!, U.E. NMoBepeHHoBa!, T.B. PomaHoBa?, H.I. NepcTteHeBa?

1IPBOY BO «CaMapckuii rocygapCTBeHHbIM MeQULMHCKUI yHBepcuTeT» MuHsgpasa Poccum
(Camapa, Poccuitckas Pepepauns)
2pAQY BO «Camapckuin rocynapCTBEHHbIN 3KOHOMUYECKUA yHUBEpCUTET» MUHMCTEpCTBa Hayku
 BbicLero obpasoBaHus Poccum (Camapa, Poccuiickas ®enepaums)

AHHOTauus

Iens — pazpaboTaTh MHOTOMEPHYO B3BellleHHYIO OIIeHKY BIMSHUS GaKTOpOB
PHCKa OCTPOIo HapylleHnst Mo3rooro kpopoobpamienus (OHMK) Ha TedeHue
WIIeMHUYeCcKOro MHCYIbTa, pa3BUBIIErocs Ha poHe KapOTHIHOTO CTeHo3a pa3-
JINYHOM CTereHH BhIPa)kKeHHOCTH.

Marepuan u metonsl. Mccnenosano 606 601bHBIX, HAXOAUBIIUXCS B OTIe-
JleHnu 1yist 6ospHBIX ¢ OHMK B 0cTpoM neprozie UIIeMUYeCcKoro UHCYIIbTa,
KOTOPBIe ObIIM pa3fiesieHbl Ha TPH TPYTIIBI 110 CTelleHU BhIPaXKeHHOCTH Kapo-
TUAHOTO cTeHo3a cortacHo NASCET. ¥V Bcex 60JbHBIX BBISBISIA GaKTOPbI
pucka passutus OHMK, onpenesnsiiu pasmep odara uiemuu 1o KT rosos-
HOT'O MO3ra, OI[eHUBAJIM COCTOSIHUE TTAllMeHTa U ero U3MeHeHHs I10 IIKaJlaM
NIHSS, Pankuna, PuBepmup.

PesynbraThel. OleHOYHbIe [T0Ka3aTeslu NpefiCTaBieHbl Pa3IMYHbIMU U3-
MepUTeJIbHBIMU IIKaJlaMH{, ITI03TOMY MX HEeO0OXOJUMO IIPHUBECTH K OJJHOMY
OCHOBaHUIO. MeTo/Ka MOCTPOEHMs B3BellIeHHOU OIleHKH IpeAroiaraeT
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dopmMupoBaHue BeCOBBIX KO3PPUIIMEHTOB AJISl KaX/10r0 KOMIIOHEeHTa HO-
BOTO MHJleKca. IIpon3BenieHO MoJleIMpOBaHEe MHOT'OMEPHO! B3BellleHHON
OIIeHKHU VIS BBISIBJIEHUsI OCHOBHBIX (PaKTOPOB, BIIMSIOIIMX HA ee BapHaLHIO.
Bbi1 npoBenien or6op daxropos pucka OHMK y ncciieoBaHHBIX OOJIBHBIX,
IIOCTPOEHBI perpecCUOHHbIe MOJIeIH, BBITIOJIHEH UX CTaTUCTUYeCKUH aHaln3
Y OIleHeHO UX Ka4yecTBO.

BrIBoabl. PerpeccroHHble Mofiesii TO3BOJISIIOT OXBATUTh OOJIBIION KPyT
$baKTOpOB U MaTeMaTU4eCKH BbIPA3UTh UX CBSI3b C Pe3yJIbTaTUBHBIMU ITOKa-
3areyisiMU. PaspaboTaHHbIe JTOTUCTUYECKHe MOJIeNIM MT0Ka3bIBAIOT CTelleHb
TI0JIOXKUTEJIBHOTO WJIY OTPHUIIATeJIbHOTO BIIMSHUS PAa3IMuHbIX PaKTOPOB PHCKa
Ha TeyeHHe UIIIeMUYeCcKOro MHCYJIBTa B UCCIIeIOBAaHHbIX I'PYIIAxX OOJIbHBIX.
KimroueBble c10Ba: KapOTU/HBIIN CTEHO3, UIIIeMUYeCKUI UHCYIIBT, GaKTOPbl pU-
CKa, JIOTUCTYECKUI perpeCCUOHHBIN aHa/Ii3, MHOTOMepHas B3BellleHHas OlleHKa.
KonduukT HHTepecoB: He 3asBIIeH.

www.innoscience.ru


https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.35693/SIM623623
https://doi.org/10.35693/SIM623623
https://orcid.org/0000-0002-1081-7140
mailto:tka4enko.n777@yandex.ru
https://orcid.org/0000-0002-2594-461X
mailto:i.e.poverennova@samsmu.ru
https://orcid.org/0000-0003-2851-8672
mailto:t.v.romanova@samsmu.ru
https://orcid.org/0000-0003-3845-5011
mailto:persteneva_np@mail.ru
mailto:i.e.poverennova@samsmu.ru
https://crossmark.crossref.org/dialog/?doi=10.35693/SIM623623&domain=PDF&date_stamp=2025-03-10

Science & Innovations in Medicine

Vol.10 (1) 2025

NEUROLOGY

[ns uMTUpOBaHus:

TkayeHko A.C., NMoeepeHHosa W.E., PomaHosa T.B., MepcTteHesa H.MN. MHoromepHas
B3BelleHHas OLeHKa B aHanun3e Te4eHUs MLEeMUYECKOro MHCYNbTa Ha toHe
KapoTUAHOro CTEHO3a Pa3fIMYHO CTeneHW BbIPaXeHHOCTU. Hayka u UHHoBayuu
B MeduyuHe. 2025;10(1):30-36. DOI: https://doi.org/10.35693/SIM623623

CepneHus 06 aBTopax

TkaueHko A.C. — acnupaHT kacheapbl HEBPOIOrUM U HENPOXUPYPrN.
ORCID: 0000-0002-1081-7140

E-mail: tka4enko.n777@yandex.ru

MoeepenHoBa WU.E. — o-p mMen. Hayk, npodeccop, 3aBeaytoLas kacdeapon
HEBPOMNOrUK N HENPOXMUPYPIUN.

ORCID: 0000-0002-2594-461X

E-mail: i.e.poverennova@samsmu.ru

PomanoBga T.B. — g-p Men. Hayk, npoceccop kadeapbl HEBPONOTMM N HEAPOXUPYPTUN.
ORCID: 0000-0003-2851-8672

E-mail: t.v.romanova@samsmu.ru

MNepcteHeBa H.I. — kaHA. 3KOH. HayK, JOLEHT Kadeapbl CTaTUCTUKW U SKOHOMETPUKA.
ORCID: 0000-0003-3845-5011
E-mail: persteneva_np@mail.ru

ABTOp ANs Nepenuckn

MoeepenHoBa UpuHa EBreHbeBHa

Anpec: Camapckuii rocyaapCTBEHHbIN MEAULIMHCKUIA YHUBEPCUTET,
yn. Yanaesckas, 89, r. Camapa, Poccus, 443099.

E-mail: i.e.poverennova@samsmu.ru

Cnucok cokpaueHui

NN — nwemunyeckmnit nHcynet; KT — komnbloTepHas Tomorpacus; MBO — MHoroMepHas
B3BelleHHas oueHka; OHMK — ocTpble HapyLieHUs MO3roBOro KpOBOOGPAaLLEHUS;
NASCET — North American Symptomatic Carotid Endarterectomy Trial;

NIHSS — National Institutes of Health Stroke Scale; RS — Rankin Scale, wkana P3aHkuHa;
RMI — Rivermead Mobility Index, nhaekc mobunbHocT Pusepmua.

MonyuyeHo: 20.11.2023

Opo6peHo: 24.03.2024
Ony6nukoBaHo: 10.04.2024

m INTRODUCTION

mong the causes of death and disability worldwide,

cardiovascular diseases are leading. With every decade,
the frequency of strokes among patients aged 50-55 increases
by 1.8-2.0 times [1]. Loss of working capacity after an acute
cardiovascular accident (ACVA) reaches 3.2 per 10000 adults
and leads among the causes of disability. A great number of
patients with ACVA are people of productive age: 23.6%
from 41 up to 50 years, and 12.3% of the total number of
patients are below 40 [2]. After the vascular accident, 40-
45% patients die within 12 months, and every fifth patient
develops a second stroke in the subsequent years [3]. It is
for that reason that contemporary neurology focuses on
prevention of ischemic stroke (IS) and post-stroke patient
rehabilitation.

Constrictive lesion of the major arteries of the head and
the neck are one of the principal causes for development of
the brain ischemia [4, 5]. There is a classification of carotid
stenosis depending on the degree of vessel constriction,
which identified mild (0-29%), mild to moderate (30—
49%), moderate (50-69%) and severe stenosis (70-99%),
and full occlusion of the vessel (100%) [6, 7]. In the recent
years, there were published many papers on the assessment
of the major factor of risk of IS development [8, 9]. Thus,
important roles in the onset and progress of ACVA belong
to arterial hypertension — like the carotid stenosis, it is a
type of a macrovascular disease [10], — and the decrease of
just the diastolic arterial blood pressure by 5 mmHg leads
to the decrease of risk of cerebral stroke by 34% [11]. Atrial
fibrillation is the supraventricular tachycardia. According
to several sources, in 15-20% of patients it is the atrial
fibrillation that is the major reason of vascular accidents [12].
Studying the influence of these factors on the progress and
prognosis of the acute period of ischemic stroke may open a
possibility of lowering the risk of development of recurrent
ACVAs and reduce the severity of the neurological deficiency
in the acute period of ischemic stroke [13, 14]. In this regard,
the analysis of the impact of risk factors on the progress of
IS with concurrent carotid stenosis, seems an important task.

m AIM

To develop a multivariate weighted assessment model for
analyzing the influence of individual risk factors for acute
ischemic cerebrovascular accidents on the course of ischemic
stroke with concurrent carotid stenosis of varying severity.

www.innoscience.ru

m MATERIAL AND METHODS

The paper is based on the results of an open prospective
observation study involving 606 in-patients receiving
treatment for the acute ischemic stroke. The studies patients
included 292 women (48.2%) and 314 men (51.8%) aged
between 39 and 89. The median age of the patients was 67.4
(81.75; 52.9) years.

Depending on the severity of stenosis of the major arteries of
the head and the neck measured by duplex Doppler ultrasound
inspection of the brachiocephalic trunk upon admission for
ACVA treatment as per the NASCET (North American
Symptomatic Carotid Endarterectomy Trial) classification,
the patients were divided into three groups. The first group of
hemodynamically mild/mild to moderate stenosis (below 49%)
included 446 patients (73.6%). The second group (moderate
stenosis of 50-69%) included 85 (14.0%) patients. The
third group (hemodynamically severe stenosis of 70-100%)
included 75 patients (12.4%).

In all of the examined patients, risk factors for the ACVA
development were identified: degree of arterial hypertension,
cardiac pathology, history of acute vascular accidents, diabetes
mellitus, dyslipidemia, etc. The size of IS lesion was measured
by the data of brain CT performed upon patient admission for
treatment: lacunar, up to 10 mm, mini, up to 15 mm, medium,
20-50 mm, and large, over 50 mm. To ensure a complex
evaluation of changes in the patient’s condition from admission
to (examination 1) to discharge from the in-patient facility
(examination 2), three evaluation scales were used: National
Institutes of Health Stroke Scale (NIHSS), Rankin Scale (RS),
and Rivermead Mobility Index (RMI).

m RESULTS

The results of examination of patients from the three
groups on admission to (examination 1) and on discharge
(examination 2) from the ACVA in-patient facility are shown
in Table 1.

The initial data array consists of scores registered under
each scale and every examination. The greater the difference
(delta) between the scores of the same patient under both
examination, the greater is the change in their condition during
in-patient treatment. Undoubtedly, scores under separate
indices provide vital information for the planning of therapy
and control of its efficiency, yet the greatest prognostic
value lies in the combination of all three separate indices
represented in the single multivariate assessment. Since
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| 1 | oex2 | ex1 | ex2 | Ex1 | ex2
Lacunar stroke
NIHSS 7.2 (4; 8) 3.0 (1; 3) 9.2 (6;12) 3.1(1;6) 9.1 (5;12) 6.9 (2; 8)
p-value p < 0.001 0.001 0.142
Rankin 3.0 (2; 3) 2.0(1;2) 4.0 (3; 5) 2.0(1;2) 3.0 (3; 4) 2.5(2; 4)
p-value p < 0.001 0.002 0.091
Rivermead 6.2 (2:7) 12.3 (9; 13) 2.0(1; 4) 10.0(9; 12) 3.0(1; 6) 8.0 (5; 12)
p-value p < 0.001 0,001 0.013
Mini stroke
NIHSS 10.0 (7.5; 12.5) 4.0 (3; 5) 8.5 (5.0; 8.0) 4.6 (2.0; 6.0) 10.2 (5; 15) 8.4 (3; 11)
p-value p < 0.001 0.011 0.075
Rankin 4.0 (3.0; 4.5) 2.0 (1; 3) 3.0 (3; 4) 3.0 (2; 3)
p-value p < 0.001 0.028 0.310
Rivermead 3.0(1; 6) 8.0 (6; 12) 9.5(7.0; 13.0) 2.0(1;6) 6.0 (3; 10)
p-value p < 0.001 0.005 0.043
Medium stroke
NIHSS 7.0 (4; 11) 3.5 (3.0; 8.0) 9.5 (6.0; 15.0) 6.0(2;9) 11.5 (7.0; 18.0) 9.0 (3; 10)
p-value p < 0.001 p < 0.001 p < 0.001
Rankin 3.0 (3; 4) 2.0 (2; 4) 4.0 (3; 5) 3.0 (2; 4) 4.0 (3.0; 4.0) 3.0 (1.0; 4.0)
p-value p < 0.001 p < 0.001 0.002
Rivermead 3.0(1; 6) 8.0 (4 12) 2.5(1.0; 5.0 7.0(4; 12) 2.0(1; 6) 4.5 (3; 11)
p-value p < 0.001 p < 0.001 0.001
Large stroke
NIHSS 10.0 (8.5; 13.0) 5.5 (5.0; 11.0) 11.0 (10; 16) 6.5 (5; 6) 13.0 (5; 16) 10.0 (4; 11)
p-value p <0.001 0.043 0.176
Rankin 4.2 (4; 5) 3.4 (3; 4) 4.1 (4;5) 3.0(2; 4) 4.3 (3; 5) 4.0 (3; 4)
p-value 0.002 0.109 0.178
Rivermead 2.0(1.0; 3.5) 4.8 (2.5; 6.5) 1.8(1;2) 5.0(3; 8) 1.0(1;1) 3.0(3;8)
p-value p < 0.001 0.068 0.028

Table 1. Indicators of neurological deficit at the admission (Study 1) and at the discharge from the hospital (Study 2) depending on the degree
of atherosclerotic lesions and the volume of the stroke lesion (median, quartile 1; quartile 3)

Tabnuua 1. [Mokazamenu HeBponozuydeckozo decuyuma npu nocmyniaeHuu (uccnedoBaHue 1) u npu Bbinucke u3 cmayuoHapa
(uccnedoBaHue 2) B 3aBUCUMOCMU OM CMeneHU amepoCcK/epomu4ecko2o NopaxeHusl U o6bemMa o4aza UHCysibma (MeduaHa, Keapmusib 1;

KkBapmusib 3)

the evaluation indicators (components) of the multivariate
assessment are represented by different evaluation scales,
there arises a need of bringing them together to a universal
basis. Each scale has its own specifics related not only to the
nature of the assessed phenomenon, but to the difference in
the evaluated parameters as well:

— The NIHSS scale evaluates the neurological status; it
has an interval from 0 to 42, the “0” meaning “No stroke
symptoms”, and “42” meaning “Severe stroke”;

— The Rankin scale measures degree of disability, i.e. to
what extent the patient depends on assistance. The scale runs
from 0 to 6, where “0” means “No symptoms”, and “5” means
“Severe disability”;

— The Rivermead mobility index assesses functional
mobility in gait and transfers. The range of scores is from
“0” (“inability to independently perform any arbitrary
movements”) to “15” (“ability to run 10 meters in 4 seconds”).

While forming the data array, it is very important to meet
two requirements: single direction and normalization of scales.
Single direction implies unified interpretation of all three
specific indices, i.e. the increase of values of each index is to
be interpreted in the same way: only either as ‘improvement’
or only as ‘impairment’. Normalization means that all three
indices are to have the same range of values.

In order to meet these requirements, we based our research
on the Rivermead index. Its scale is ‘ascending’, i.e. the
increase of its values represents improvement of the patient’s
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mobility. Such a scale is intuitively perceived as a logical and
adequate. The maximum score is 15 (the range of values being
larger than that of the Rankin scale and smaller than that of the
NIHSS scale). It is in the range of the Rivermead index that
we will normalize the values of the other two scales that are
‘descending’, i.e. the increase of values represents the decline
in the patient’s condition.

To address the task of normalization, we will introduce
correction factors, based on which we will recalculate all
the scores obtained. For the NIHSS scale, all scores will be
proportionately decreased with respect to the factor 15/42 =
0.357. E.g., the score of 12 will decrease after recalculation
to 4.284 (12*0.357), however, in its essence the normalized
score will remain the same: prior to normalization, it was 12
out of 42, after normalization it became 4.284 out of 15, i.e.
it decreased proportionately. At the same time, the scale will
still remain ‘descending’; therefore, to ‘turn over’ the scale, to
make it ‘ascending’, we will subtract each obtained normalized
score from the maximum possible score of 15:

NIHSS |, =15-NIHSS_,,

where NIHSS - is the normalized score; NIHSS, , — is the

actual score.

Next, we will calculate the score difference (Ayqq):
Aypss=NIHSS,  —NIHSS, .,

where NIHSS___ and NIHSS, ., —are the scores after the first

and the second examinations, respectively.

norm2
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Index / Scale Scale type

Specific indices (non-normalized scales)

NIHSS Scale ‘descending’ — from better to worse 0...42

Rankin Scale ‘descending’ — from better to worse 0..5

Mobility Index ‘ascending’ — from worse to better 0..15
MWA

Normalized scale ‘ascending’ — from worse to better 0...15

Table 2. Scales of private MWA indices
Tabnuua 2. LlIkanbl yacmHbix uHoekcos MBO

Now, the plus sign “+” of the difference will mean the
positive change in the neurological status, and the minus sign
“~”, the negative change.

We will apply the same procedure to the Rankin scale. All
scores will be proportionately increased with the factor of
15/5 = 3. For example, the score of 2 after normalization
will become greater: 6 (2*3). Transferring to the ‘ascending’
scale, we will subtract each obtained score from the maximum
possible score of 15:

RS, .=15-RS_,
where RSnorm - is the normalized score; RS, , — actual score.
Next, we will calculate the score difference (Ay)
ARS=RS RS .,
whereRS _ and RS, — are the scores after the first and the
second examinations, respectively.

Thus, we are turning to the ‘ascending’ scale. Now, the
plus sign “+” of the difference will mean the positive change
in the total disability, and the minus sign “-”, the negative
change. The Rivermead index, taken as the reference, will
remain unchanged. The difference in scores after the first
and the second examination of the patient will provide

[umber | varsbie | seals |
Sex

X, nominal, binary
X, Age (years) Quantitative

X Arterial hypertension (140-160 mmHg) nominal, binary
X, Arterial hypertension (161-180 mmHg) nominal, binary
X, {;\Irgtﬁg?)l hypertension (181 mmHg and nominal, binary
X Arrhythmia nominal, binary
X, Ischemic changes on the ECG nominal, binary
Xg Stage 1 chronic heart failure nominal, binary
X Stage 2a chronic heart failure nominal, binary
X1o Stage 2b chronic heart failure nominal, binary
Xy Stage 3 chronic heart failure nominal, binary
X, Second stroke in the same territory nominal, binary
X3 Second stroke in a different territory nominal, binary
X4 Stroke history nominal, binary
X5 Lacunar ischemic stroke nominal, binary
Xis Mini ischemic stroke nominal, binary
X7 Medium ischemic stroke nominal, binary
Xig Large ischemic stroke nominal, binary
X0 Acute cerebrovascular accident in the nominal, binary

territory of the left middle cerebral artery

Table 3. Composition of factor variables for MWA modeling

Tabnuya 3. Cocmas ¢akmopHbIX NnepeMeHHbIX
ons ModenuposaHusi MBO

www.innoscience.ru

information about the changes in the patient’s mobility. The
«+» plus sign “+” of the difference will mean the positive
change in the mobility, and the minus sign “~”, the negative
change.

The next stage will be the calculation of the multivariate
weighted assessment (MWA) of the changes in the patient’s
condition. The multivariate array comprises a complex of
differences (delta) of the abovementioned indices. The method
of calculation of the weighted assessment implies formation
of weight factors for each component of the new scale. There
exist different approaches to the selection of weights, and the
simples and most effective of these is the expert approach. The
weight factors are assigned based on an intuitive recognition
of comparative importance of components. In our case, it is
suggested to determine the weights as follows (with the fixed
sum of 1):

ANIHSS - 0,6;
ARS -0,2;
ARMI -0,2.

We believe that the NIHSS is the universal tool to assess
the patient’s condition, whereas the two other factors serve
auxiliary, albeit quite important, roles. The equation for the
calculation of the MWA of the changes in the condition of a
specific patient is as follows:

MBO = ANIHSS

norm

*0,6+ARS, _*0,2+ARMI*0,2.

We will consider the proposed method on an example. Let
patient A have 10 and 13 points (respectively in the first and
second examinations) on the normalized NIHSS scale, 9 and
10 points on the normalized RS index, 13 and 15 points on
the RMI index. Thus, the differences (deltas) will have the
following values: 3 points on the normalized NIHSS scale, 1
point on the normalized RS index, 2 points on the RMI scale.
Below is the calculation of the MWA for patient A:

MBO = 3*0.6+1%0.2+2%0.2 =2,4.

The MWA was calculated for each patient. We will provide
brief data for all private indices (MWA components) and for the
normalized scale (Table 2).

The algorithm for building the MWA is as follows: selection
of components (private indices) for the MWA; normalization of
private indices (bringing to the unified scale); recalculation of
scores of each private index to normalized scores; calculation
of normalized differences (deltas) of assessments for each
private index; selection and assignment of weight factors;
calculation of MWA.

The next stage of the research was the modeling of the
multivariate weighted assessment to identify the major
factors influencing its variation. Regression models allow for
encompassing a vast variety of factors and for a mathematical
expression of their correlation with resultative indicators.
We selected the ACVA risk factors in the studied patients,
constructed regression models, performed their statistical
analysis and evaluated their quality. The models were
built specifically for each patient group. The multivariate
weighted assessment served as the dependent variable Y. The
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Stage 2a chronic heart failure

Group | Lacunar ischemic stroke Large ischemic stroke
Group Il Mini stroke Medium stroke
Group Il %ﬁjgrz 1 chronic heart Second stroke in the same territory

Table 4. The results of multivariate weighted assessment modelling

Tabnuua 4. Pe3ynsmambl MOOenupoBaHus C UCNO/1b30BaHUEM
MHO20MepHoUl B3BeWeHHOU OueHKU

numbering of factored variables was single for all models.
The list of cardiovascular risk factors for the modeling is
given in Table 3.

The major array of factors is represented by nominal
binary variables that are included in the models as dummies if
needed. For each group of patients, a minimum of two coupled
regression models of comparable quality were built with the aim
of identifying and qualitatively expressing the multi-directional
impact increasing the multivariate assessment or decreasing it,
respectively. All models are significant by the F-test, and their
parameters are significant by the t-test. The regression model 1
for the Group I is as follows:

Y,=2,678-0,422X,.
0,114) (0,182)

Explanation of the regression factor. Patients with
Stage 2a chronic heart failure have a multivariate weighted
assessment approx. 0.422 points lower than that of patients
without chronic heart failure.

Regression model 2 for Group I is as follows:

Y,=2,575-0,571X .
(0,095) (0,287)

The diagnosis of ‘large ischemic stroke’ is a factor aggravating
the patient’s condition; its multivariate weighted assessment will
be 0.571 points lower, on average, than that of patients with less
severe forms of stroke.

Regression model 3 for Group I is as follows:

Y=2,388+0,466X .
(0,104) (0,201)

If the patient had a lacunar ischemic stroke, their
multivariate weighted assessment will be approx. 0.466
points higher, on average, than that of patients with more
severe forms of stroke.

Thus, from the perspective of a more favorable condition of
a patient from Group [, the presence of lacunar ischemic stroke
is significant, and adverse effects on the patient’s condition will
be expected from Stage 2a chronic heart failure and history of
a large ischemic stroke.

Regression model 1 for the Group I is as follows:

¥,2=3.065-0.572X .
(0.239)  (0.263)

Patients with a medium ischemic stroke have a multivariate
weighted assessment that is 0.572 points lower, on average, than
that of patients with other types of stroke.

Regression model 2 for the Group II is as follows:
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Y,=2.530+1.115X,,.
(0.200)  (0.393)

Patients diagnosed with mini ischemic stroke, when
compares to patients with other types of stroke, have a
multivariate weighted assessment that is on average 1.115
points higher. It can be concluded that for the patients of Group
IT two types of stroke have a varied impact on their overall
condition: medium stroke in the decline of their condition,
mini stroke in the improvement.

Regression model 1 for the Group III is as follows:

Y.=2.206-3.235X,,.
0.274) (1.858)

Second stroke in the same territory reduces the patient’s
multivariate weighted assessment by approx. 3.235 versus
patients without the second stroke or with the second stroke in
a different territory.

Regression model 2 for the Group III is as follows:

Y,=1.852+1.305X,.
0.303)  (0.650)

The diagnosis of Stage 1 chronic heart failure was a factor
of a better condition of a patient by an average of 1.305
points (vs. patients with other stages of CHF). In this way,
the modeling results showed that for the patients from Group
IIT the most negative influence on their condition was caused
by the second stroke in the same territory, and the favorable
influence, by Stage 1 chronic heart failure as compared to more
severe stages of CHF. The results of our modeling follow in
Table 4.

m DISCUSSION

Constrictive lesion of the major arteries of the head and the
neck per se is a significant risk factor of ACVA development
[15, 16]. The risk increases depending on the decree of vessel
constriction [6]. The onset and progress of ischemic strokes
are influenced by other adverse risk factors of ACVA, mainly
of vascular nature: arterial hypertension of various severity,
chronic heart failure of various severity, cardiac arrhythmia,
history of ACVA, etc. [8, 10, 12]. In analyzing the problem
of interrelation of carotid stenosis and ischemic stroke,
contemporary studies mainly focus on the surgical aspect
only, viz. carotid endarterectomy and its role in the post-stroke
prognosis and rehabilitation [17, 18].

To evaluate the condition of a stroke patient, clinical scales
(indices) are used and changes of their values over time are
considered; without doubt, this provides information for the
planning of treatment and control of its efficiency. Much
interest lies in the combination of all three private indices in a
single multivariate assessment and in the analysis of its values
for the selected groups of patients. Regression models enable
involvement of a wide variety of factors and mathematical
representation of their connection with resultative values.
When analyzing the available literature, we could not find
similar studies. At the same time, this aspect of studying the
results and prognosis of the progress of ischemic stroke with
concurrent carotid stenosis of various severity seems vital and
requiring more effort.
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m CONCLUSION

Mathematical modeling involving development of a
multivariate weighted assessment facilitates the determination
of the influence of one or another risk factor for stroke on the
course of ischemic stroke in patients with varying degrees of
carotid stenosis.

Regression models enable involvement of a wide variety of
factors and a mathematical representation of their connection
with resultative values. The developed logistic models show
the degree of positive or negative impact of various risk
factors on the course of ischemic stroke in the studies groups
of patients. =
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