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Abstract. Objective: to evaluate the informative value of serum concentration of matrix metalloproteinase (MMP)-9 within the determination of the
short-term prognosis in patients in the acute period of spontaneous supratentorial intracerebral hemorrhage (SSICH) on the ground of conserva-
tive treatment. Materials and methods. A prospective, cohort, comparative study was conducted in 105 patients in the acute period of SSICH on
the ground of conservative treatment. The level of neurological deficit was assessed using of the Full Outline of Unresponsiveness Coma Scale, the
Glasgow Coma Scale, and the National Institutes of Health Stroke Scale. The visualization of cerebral structures was performed by computed tomogra-
phy. On the 1st and 5th day from the admission, laboratory blood samples were taken and then serum concentrations of MMP-9 were determined by
enzyme-linked immunosorbent assay. Early neurological deterioration and unfavorable outcome of the acute period of SSICH (modified Rankin scale
grade 4-6 on the 21st day of the disease) were registered as combined clinical endpoints. Statistical processing of the results was carried out with the
help of correlation analysis, logistic regression analysis, ROC-analysis. Results. Patients with unfavorable clinical course and unfavorable outcome of the
acute period of SSICH had a higher serum concentration of MMP-9 on the 1st day from the admission, and this marker was directly correlated with the
secondary intraventricular hemorrhage volume (R=0.40, p<0.01) and total volume of intracranial hemorrhage (R=0.29, p<0.01). It was determined that
the assessment of serum MMP-9 concentration along with neuroimaging indicators (midline shift severity, secondary intraventricular hemorrhage
volume) as part of the developed multi-predictor logistic regression model allows to verify individual risk of early neurological deterioration (AUC+SE
(95% confidence interval)=0.93+0.03 (0.86-0.97), p<0.0001). Conclusion. Serum MMP-9 levels in patients with SSICH on the 1st day from admission is

an informative additional parameter for prediction of early neurological deterioration on the ground of conservative treatment.
Key words: intracerebral hemorrhage, matrix metalloproteinase-9, prognosis.

Introduction

Despite significant achievements in fundamental neuroscience,
clinical angioneurology and neurosurgery, cerebral hemorrhagic stroke
remains one of the most complicated problems of modern medicine.
It has a strong lead in the structure of causes of mortality and disability
in adults in most countries. Spontaneous supratentorial intracerebral
hemorrhage (SSICH) is the most common form of cerebral hemorrhag-
ic stroke [1, 2]. Important measures aimed to improve the provision of
care to patients with SSICH consist in the development of informative
criteria for the determination of the short-term prognosis for choosing
the optimal treatment tactics. Taking the above-mentioned in consider-
ation, it is very appropriate to search for biomarkers that are associated
with the risk of unfavorable outcome of the acute period of the disease
on the ground of conservative therapy [3, 4].

Proinflammatory activation plays a leading role in the imple-
mentation of mechanisms of secondary damage of cerebral struc-
tures in patients with SSICH [5]. However, intracerebral hematoma
initiates the synthesis and active secretion of a wide range of proin-
flammatory cytokines, as well as proteolytic enzymes, one of which
is matrix metalloproteinase (MMP)-9. The modern concept of views
on the modulation effect of MMP-9 on the course of acute intracere-
bral hemorrhage contains the duality of MMP-9 effects. It depends
on the phase of the disease [6]. Thus, in the most acute period of
intracerebral hemorrhage, MMP-9 has a neurotoxic effect, namely:
when it participates in the degradation of the extracellular matrix,
MMP-9 leads to the destruction of the endothelial basal plate, which
increases the permeability of the blood-brain barrier and promotes
cerebral edema [4, 7, 8]. Subsequently, MMP-9 stimulates angiogen-
esis, vascular remodeling, cell migration and phagocytosis and thus
implements the mechanisms of sanogenesis [6, 9]. However, the
study of the prognostic value of MMP-9 in the serum in patients with
spontaneous intracerebral hemorrhage is insufficient. Scientific lit-
erature gives few information and a rather limited number of single
studies in this field. Most of them contain the results of the relation
of serum concentration of MMP-9 with the severity of cerebral le-
sions and the level of neurological deficit [10, 11]. There are no stud-
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ies related to the informative concentration of MMP-9 in the verifica-
tion of short-term prognosis, in particular in terms of assessment of
the feasibility of detection of this indicator in clinical practice for the
prediction of the outcome of the acute period of the disease on the
ground of conservative therapy.

Objective: to evaluate the informative value of serum concen-
tration of MMP-9 within the determination of the short-term prog-
nosis in patients in the acute period of SSICH on the ground of con-
servative treatment.

Materials and methods

In order to achieve the goal, a prospective, cohort, comparative
study was conducted at non-commercial institution «City Hospital
No.6» of Zaporizhzhia Municipal Council. 105 patients (55 men and
50 women, aged 66 (59; 75) with hemispheric hemorrhagic stroke
participated in the study. The inclusion criteria were: 1) spontane-
ous (hypertensive) supratentorial intracerebral hemorrhage; 2) ad-
mission within the first 24 hours upon the onset of the disease; 3)
signed consent form to participate in the study.

The diagnosis was set on the basis of the results of complex clin-
ical and neuroimaging study. The assessment of the neurological
deficit level was conducted considering the course of the acute pe-
riod of the disease with the help of Full Outline of UnResponsiveness
(FOUR) Scale, Glasgow Coma Scale (GCS) and National Institutes of
Health Stroke (NIHSS) Scale. Cerebral structures were visualized with
the help of computed tomography, namely «Siemens Somatom
Spirit» (Germany) or «Toshiba Asteion» (Japan).

The intracerebral hemorrhage volume (ICHV) was counted with
the help of ellipsoid formula. Midline shift (MS) of cerebral struc-
tures was considered as the mean displacement of the septum pel-
lucidum and pineal gland. Secondary intraventricular hemorrhage
volume (SIVHV) was assessed with the help of the following formula:

SIVHV=e,

where IVHS is the total score value in accordance with Intraven-

tricular Hemorrhage Scale.
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The total intracranial hemorrhage volume (TICHV) was deter-
mined by the sum of ICHV and SIVHV.

All patients were also examined by a neurosurgeon.

The exclusion criteria were: 1) acute cerebrovascular disorders in
the anamnesis; 2) intracerebral hemorrhage due to cerebral infarc-
tion, brain tumor or anticoagulant therapy; 3) acute focal lesion of
cerebral structures of other genesis and localization; 4) indications
for surgical treatment appointed by a neurosurgeon; 5) diseases of
inflammatory genesis (including infectious) upon hospitalization; 6)
malignant neoplasms; 7) decompensated somatic pathology.

Within 24 hours from admission, all patients were taken blood
samples in order to determine the serum concentration of MMP-9.
Laboratory blood samples were taken in 72 patients on the 5th day
after hospitalization. The content of MMP-9in the serum was de-
termined by enzyme-linked immunosorbent assay using sets of re-
agents «Elabscience™» (USA) on the enzyme-linked immunosorbent
complex «immunoChem-2100» (USA) at the clinical diagnostic labo-
ratory of the University Clinic of Zaporizhzhia State Medical Univer-
sity (total quantity of measurements is 177).

On the basis of the results of the examination by a neurosurgeon,
a conservative therapy was chosen as the optimal treatment tactic.
Patients were treated in accordance with the unified clinical protocol
of specialized care for patients with spontaneous intracerebral hem-
orrhage, approved by the Ministry of Health of Ukraine of 17.04.2014
Ne 275. In the course of the acute period of SSICH, cases of early neuro-
logical deterioration (END) were registered. They were accompanied
by the increase of the severity of cerebral syndrome in the form of a
decrease in total score on the FOUR coma scale >2 and/or deepen-
ing neurological deficit in the form of increasing of total NIHSS score
>4 and/or lethal outcome within 48 hours from admission. The out-
come of the acute period of SSICH was determined on the 21st day
of the disease using a modified Rankin Scale (mRS). An unfavorable
outcome was determined by the value of 4-6 points per mRS — com-
bined clinical endpoint, which integrates lethal outcome (6 points per
mRS) and unfavorable functional outcome in the form of profound
disability (4-5 points per mRS). Patients with confirmed aneurysm or
arteriovenous malformation of cerebral vessels, as well as in the case
of verification of extracerebral cause of death (defined according to
the results of autopsy) were excluded from the study.

Statistical assessment of the obtained results was performed
with the help of the programs «Statistica 13.0» («StatSoft Inc.», USA,
series number JPZ804I1382130ARCN10J) and «MedCalc» (version
18.2.1). As the distribution of most of the studied indexes were dif-
ferent from normal in accordance with the Shapiro — Wilk criterion,
descriptive statistics are presented in the form of median and inter-
quartile range. Intergroup differences were assessed by the Mann —
Whitney test and Wilcoxon test. Correlation analysis with the calcu-
lation of Spearman’s rank correlation coefficient, logistic regression
analysis, ROC-analysis were used. Indicators of sensitivity, specific-
ity and relative risk (RR) were determined. The significance level
p<0.05 was considered critical for rejecting the null hypotheses.

Results

In the general cohort of patients, the values of clinical and
neuroimaging parameters upon the inclusion in the study were as
follows: FOUR score — 16 (14; 16), GCS score — 13 (12; 15), NIHSS
score — 14 (10; 18), ICHV — 11.7 (5.6; 25.3) mL, MS — 2.5 (0.0; 4.0)
mm, SIVHV — 6.0 (0.0; 16.4) mL, TICHV — 20.3 (10.1; 49.4) mL. The
content of MMP-9 in the serum of patients with SSICH on the 1st day
after hospitalization constituted 72.0 (39.9; 107.8) pg/mL.

On the basis of the correlation analysis, it was determined that
the serum concentration of MMP-9 is associated with SIVHV (R=0.39,
p<0.01) and TICHV (R=0.29, p<0.01). The analysis of the content of
MMP-9 in the blood serum in dependence to the severity of the le-
sion of cerebral structures was also performed. Thus, the level of se-
rum MMP-9 concentration in the group of patients with ICHV >30 ml
(n=25) was 18.0% higher (82.0 (66.6; 136.9) versus 69.5 (38.7; 94.9)
pg/mL in the group of patients with ICHV<30 ml, p=0.0152); in the
cohort of patients with SIVHV>15 mL (n=28) — it was 66.0% higher
(100.3 (80.5; 139.4) versus 64.3 (35.1; 85.7) pg/mL in patients with
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SIVHV<15 mL, p<0.0001); in the group of patients with TICHV>40 mL
(n=30) — it was 50.5% higher (99.9 (73.6; 136.5) versus 66.6 (36.8;
87.6) pg/mL in patients with TICHV<40 mL, p<0.0001).

Neurological deterioration within 48 hours from the moment
of hospitalization was recorded in 22 (21.0%) patients. On the 1st
day from admission this subcohort of patients significantly differed
from the group of patients without END in the following parameters:
FOUR score (14 (12; 15) versus 16 (15; 16), p<0.0001), GCS score (12
(9; 13) versus 14 (12; 15), p=0.0009), NIHSS score (17 (15; 21) versus 14
(10; 17), p=0.0009), ICHV (49.8 (20.9; 63.6) versus 10.6 (5.1; 16.8) mL,
p=0.0004), MS (4.5 (2.5; 7.5) versus 1.5 (0.0; 3.0) mm, p=0.0002), SIVHV
(30.0 (17.4; 52.1) versus 3,3 (0.0; 11.0) mL, p=0.0002), TICHV (82.4 (55.5;
106.0) versus 15.5 (8.1; 28.9) mL, p<0.0001), MMP-9 content in blood
serum (115.9 (99.8; 144.6) versus 67,9 (36.8; 81.7) pg/mL, p<0.0001).

In accordance with the univariate logistic regression analysis,
the risk of END in patients with SSICH is determined by FOUR score
(odds ratio (OR) (95% confidence interval — Cl)=0.546 (0.400-0.747),
p=0.0001), GCS score (OR (95% Cl)=0.635 (0.496-0.814), p=0.0003),
NIHSS score (OR (95% Cl)=1.187 (1.064-1.324), p=0.0021), ICHV (OR
(95% Cl)=1.054 (1.028-1.080), p<0.0001), MS (OR (95% Cl)=1.820
(1.388-2.387), p<0.0001), SIVHV (OR (95% Cl)=1.093 (1.051-1.137),
p<0.0001), TICHV (OR (95% Cl)=1.054 (1.032-1.077), p<0.0001), MMP-
9 concentrationin serum (OR (95% C1)=1.028 (1.015-1.041), p<0.0001).
In accordance with the results of multiple logistic regression analysis,
the following parameters confirmed an independent association with
END risk: MS (OR (95% Cl)=1.597 (1.134-2.248), p=0.0074), SIVHV (OR
(95% Cl)=1.061 (1.021-1.103), p=0.0026); MMP-9 concentration in se-
rum (OR (95% Cl)=1.020 (1.001-1.039), p=0.0384).

In order to predict END in patients with SSICH, the above men-
tioned indicators were integrated into a multi-predictor mathemati-
cal model, which has the following form of a binary logistic regres-
sion equation:

B=-5,616+0,468 - Pred +0,060 - Pred +0,019 - Pred.,

where -5,6716 — intercept (), Pred, — MS severity (mm), Pred, —
SIVHV (mL), Pred3 — MMP-9 concentration in serum (pg/mL).

On the basis of the ROC-analysis, the threshold value of 3
(>-1,108) was determined, which is an integral predictor of neu-
rological deterioration in patients with SSICH within 48 hours
from the moment of hospitalization (sensitivity — 81.8%, specific-
ity — 90.4%). The assessment of the informative value and that of
the quality of the developed mathematical model was carried out
on the basis of the following indicators: the level of significance of
Hosmer-Lemeshow test p=0.7990; forecasting accuracy (proportion
of truly positive and truly negative results) — 90.5%; AUC+SE (95%
C1)=0.93+0.03 (0.86-0.97), p<0.0001 (fig. 1).

Early neurological deterioration in the group of patients with a
value of $>-1,108 (n=26) was found in 69.2% of cases against only
5.1% in the cohort of patients with a value of B<-1.108 (RR (95%
Cl)=13.67 (5.09-36.75), p<0.0001).

It was determined that the developed model of multiple logistic
regression is characterized by a higher value of AUC in comparison
with separate predictors which are part of it (fig. 2).

Unfavorable outcome of the acute period of SSICH in the form
of 4-6 points value of mRS on the 21st day of the disease was regis-
tered in 61 (58.1%) patients. Unfavorable functional outcome in the
form of 4-5 points of mRS (72.1%) dominated in the structure of the
mentioned combined clinical endpoint. The proportion of lethal out-
come during the acute period of the disease was 27.9%. The analysis
of serum concentration of MMP-9 in relation with the outcome of the
acute period of the disease was conducted on the ground of conser-
vative therapy. It was determined that patients who had a combined
clinical endpoint, on the 1st day from admission had different content
of MMP-9 in the serum (77.9 (67.0; 118.8) versus 41.1 (30.6; 88.5) pg/
mL, p=0.0004). Patients with the lethal outcome of the acute period
of SSICH, on the 1st day after hospitalization also had different MMP-
9 concentration in serum (122.7 (82.9; 147.2) versus 68.8 (37.7; 89.6)
pg/mL, p<0.0001). When comparing groups of patients in relation
to the functional outcome of the acute period of SSICH (4-5 points
per mRS and 0-3 points per mRS), differences in the initial content of
MMP-9 were determined: 70.9 (61.9; 91.5) versus 41.1 (30.6; 88.5) pg/
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Figure 1 ROC-curve of the developed multi-predictor mathematical
model for the determination of individual risk of early clinical
and neurologic deterioration in patients with SSICH, which
considers initial neuroimaging indicators (MS severity, SIVHV)
and MMP-9 concentration in serum on the 1st day from ad-
mission
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Figure 2 Comparative analysis of the informative value of the devel-
oped model of multiple logistic regression and separate
predictors that are part of it, in the process of determination
of the individual risk of early neurological deterioration in
patients with SSICH
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mL, respectively, p=0.0167). However, in accordance with the results
of multiple logistic regression analysis, the MMP-9 concentration in
patients with SSICH on the 1st day after hospitalization was not in-
cluded to multi-predictor logistic regression models as for the predic-
tion of the acute period outcome of the disease.

The determination of MMP-9 concentration in serum on the 5th
day after hospitalization was performed in 72 patients (38 men and
34 women, aged 66 (60; 74) years). Clinical and neuroimaging charac-
teristics of this subcohort at the moment of their inclusion in the study
were as follows: FOUR score — 16 (14; 16), GCS score — 13 (12; 15), NI-
HSS score — 14 (10; 18), ICHV — 11.2 (5.0; 22.3) mL, MS — 2.0 (0.0; 3.5)
mm, SIVHV — 4.1 (0.0; 13.5) mL, TICHV — 18.2 (8.6; 37.7) mL. The con-
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tent of MMP-9 in the serum of patients with SSICH on the 1st day after
hospitalization was 72.4 (42.1; 102.4) pg/mL, on the 5th day — 134.6
(105.3; 166.5) pg/mL. On the basis of a correlation analysis, it was de-
termined that the serum concentration of MMP-9 on the 5th day after
hospitalization is associated with the initial content of MMP-9 in the se-
rum (R=0.29, p<0.01), as well as TICHV (R=0.23, p<0.01). Thus, on the
5th day after hospitalization the group of patients with TICHV>40 ml
(n=17) demonstrated a 29.0% higher median serum concentration of
MMP-9 in comparison with the subcohort of patients with TICHV<40 ml
(1663 (129.9; 172.1) versus 128.9 (99.1; 148.3) pg/mL, p=0.0365).

Early neurological deterioration occurred in 14 (19.4%) patients.
This group of patients on the 5th day after hospitalization was sig-
nificantly different from the group of patients without END in the con-
tent of MMP-9in the serum (167.3 (134.1; 188.8) versus 128.1 (100.9;
148.5) pg/mL, p=0.0160). Unfavorable outcome of SSICH acute period
in the form of 4-6 points value of MRS on the 21st day of the disease
was registered in 41 (56.9%) patients. The cases of unfavorable func-
tional outcome in the form of 4-5 points of mRS (82.9%) dominated
in the structure of the mentioned combined clinical endpoint. The
proportion of lethal outcome during the acute period of the disease
constituted 17.1%. On the 5th day after hospitalization, the group of
patients with unfavorable outcome of SSICH acute period also had a
high MMP-9 concentration in serum (145.8 (116.8; 170.7) versus 118.2
(86.3; 139.8) pg/mL, p=0.0063). Thus, on the 5th day after hospitaliza-
tion, a statistically significant elevation of serum MMP-9 concentra-
tion was determined not only in the general cohort of patients (from
724 (42.1;102.4) to 134.6 (105.3; 166.5) pg/mL, p<0.0001), but also in
subgroups of patients with different variants of the course and out-
come of the acute period of the disease, namely in the subcohort with
END (from 104.8 (96.6; 130.1) to 167.3 (134.1; 188.8) pg/mL, p=0.0166),
without END (from 68.4 (38.2; 84.8) to 128.1 (100.9; 148.5) pg/mL,
p<0.0001), in a subcohort with an unfavorable outcome (from 74.7
(62.0; 109.1) to 145.8 (116.8; 170.7) pg/mL, p<0.0001) and in a subco-
hort with favorable outcome of the acute period of the disease (from
64.3 (31.4;93.8) to 118.2 (86.3; 139.8) pg/mL, p<0.0001).

Discussion

In accordance with the results of the study, in the 1st day after hos-
pitalization patients with unfavorable course (END) and unfavorable out-
come of SSICH acute period (4-6 points of mRS) had significantly higher
MMP-9 concentration in serum. This value was directly correlated with
the initial severity of lesions of cerebral structures. It was determined
that regardless of the initial level of neurological deficit and the course of
the acute period of the disease, MMP-9 concentration in serum elevates
within 5 days. The obtained data are consistent with the studies of other
researchers [6, 11]. This study gave details related to the structure of in-
terrelation between MMP-9 in serum and quantitative neuroimaging pa-
rameters. Namely, it was shown that SIVHV affects the content of MMP-
9in the serum in patients with SSICH on the 1st day after hospitalization.

On the basis of a multiple logistic regression analysis, an inde-
pendent association was found between MMP-9 concentration of se-
rum and END risk, which led to the development of a highly sensitive
multi-predictor model for END prediction in the course of conservative
therapy that takes into account the set of neuroimaging indicators (MS,
SIVHV) and MMP-9 concentration of serum in patients with SSICH on
the 1st day after hospitalization. This model is characterized by a 90.5%
accuracy (AUC=0.93, p<0.0001). On the basis of the comparative ROC-
analysis, it was found that the developed model of multiple logistic
regression has a higher value of AUC in comparison with individual
predictors which are part of it. Thus, the assessment of the content of
MMP-9 in the serum of patients with SSICH on the 1st day after hospi-
talization helps to increase the accuracy of neuroimaging verification of
the prognosis of the acute period of the disease. It is also possible to use
the developed multi-predictor model in order to calculate the quanti-
tative END risk indicator in the course of conservative therapy, which
is measured in the range from 0 (very low probability) to 1 (extremely
high probability) and is determined by the following formula:

y=exp(B)/[1+exp (B)],

where y is the probability of END in the course of conservative

therapy, S is the value of the binary logistic regression equation.
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The identified correlation between the content of MMP-9 in the
serum and the risk of END on the 1st day after hospitalization may be
due to the fact that MMP-9 increases the permeability of the blood-
brain barrier and thus increases cerebral edema in the alternative
phase of intracerebral hemorrhage [6-8]. The veracity of this conclu-
sion is also evidenced by the results of a study conducted by Y. Shi et
al. (2021), which showed that patients with hematoma progression
within 6 hours from the onset of the disease had higher serum con-
centrations of MMP-9 [12]. However, according to multiple logistic re-
gression analysis, no independent correlation was found between the
content of MMP-9 in the serum of patients on the 1st day after hos-
pitalization and the risk of unfavorable outcome of the acute period
of the disease, most likely due to variable implementation of a wide
range of long term effects of MMP-9 in the course of SSICH.

Conclusions

1. MMP-9 concentration in the serum of patients with SSICH cor-
relates with the severity of damage to cerebral structures and is an
informative additional indicator for the prediction of the course of the
acute period of the disease on the ground of conservative therapy.

2. The evaluation of MMP-9 concentration in serum along with
neuroimaging indicators (MS severity, SIVHV) as a part of the devel-
oped multi-predictor logistic regression model allows to define in-
dividual risk of early clinical and neurological deterioration on the
ground of conservative therapy. The accuracy is 90.5% (AUC*SE
(95% Cl1)=0.93+0.03 (0.86-0.97), p<0.0001).

The prospective goal of research is to develop a differentiated
approach to the choice of optimal treatment tactics in patients with
SSICH, taking into account the individual risk of early neurological
deterioration.

Conflict of interest: the author declares no conflict of interests.
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lNMporHocTnyHa LiHHICTb
CMPOBATKOBOI KOHLeHTpauil
MaTPUKCHOI MeTanonpoTeiHa3u-9

y NauUi€HTIB y rocTpuin nepioa
CMOHTAHHOIO CynpaTeHTopiasibHOro

BHYTPiLLHbOMO3KOBOIO KPOBOBUJINBY

A.A. Ky3HeuoB
3anopi3bKunin filepkaBHUI MeANYHUIA YHiBepcuTeT, 3anopixkKsa, YkpaiHa

AHoTtauisa. Mema — ouiHWUTW iHPOPMATVBHICTb CPOBATKOBOI KOHLIEH-
Tpauii MaTpuKcHoi meTanonpoteiHasu (MMI)-9 y BU3HaueHHi KOpoTKo-
CTPOKOBOTO MPOrHO3Y Y MaLi€HTIB Y roCTpMIA Nepiof CMOHTaHHOTO Cy-
npaTeHTopianbHOro BHYTPILWHbOMO3KOBOro Kpososunvey (CCBMK)
Ha TNi KOHCepBaTVBHOT Tepanii. 06’ekm i Memoou 0ocnioxeHHs. Mpo-
BefleHO MPOCNeKTUBHE KOrOPTHE NMOPIBHANbHE JOCNIIPKEeHHS 3a y4acTio
105 nauienTis y roctpuii nepiog CCBMK Ha Tni KoHcepBaTUBHOI Tepanil.
OUiHKY piBHA HEBPONOTiYHOIO AedilnTy 3AiCHIOBAN 3a LLIKASIO KOMU
Full Outline of UnResponsiveness, WwWkanoto komu [11a3ro Ta WKanoto iH-
cynbTy HauioHanbHux iHcTuTyTiB 3gopos’a CLUA. Bisyanisauito uepe-
6panbHYIX CTPYKTYP 3AiNCHIOBANN METOLOM KOMM'toTepHOi Tomorpadii.
Y 1-wy Ta Ha 5-Ty o0y 3 MOMEHTY rocnitanisawii nposoanny 3abip na-
60paTOPHKX 3Pa3KiB KPOBI 3 MOAANBLIMM BU3HAYEHHAM CYPOBATKOBMX
KOHUeHTpaLii MMIM-9 meTtogom imyHobepmeHTHOro aHanisy. Y akocTi
KOMOIHOBAHIMX KNiHIYHUX KiIHLIEBMX TOUYOK PEECTPYBANV PaHHE KIiHiKo-
HeBPOJIOriYHe NOTipLUeHHSA Ta HECMIPUATIVBUI BYXIifA rOCTPOro nepiogy
CCBMK (4-6 6aniB 3a MOAVdIKOBaHOI LLKasnoto PeHKiHa Ha 21-wy foby
3axBoptoBaHHA). CTaTUCTNYHY 06POOKY pe3ynbTaTiB 34iCHIOBaNY iH-
CTPyMeHTaMy KopenAuinHOro aHanisy, NoricTMYHOro perpecinHoro
aHanisy, ROC-aHanisy. Pesynemamu. lNauieHT 3 HeCnpyATANBYMYA Ba-
piaHTamu nepebiry Ta Brxogy roctporo nepiogy CCBMK BigpisHanuca
6iNbLL BYCOKOI CUPOBATKOBOI KOHLeHTpauielo MMIM-9 B 1-wy foby
3 MOMeHTY rocniTasisadii, Tpu LibOMy Liei MOKa3HUK MPAMO KoperoBas
3 06CArOM BTOPUHHOTMO BHYTPILIHbOLLYHOUYKOBOIO KPOBOBUIMBY
(R=0,40, p<0,01) Ta 3aranbHMM 06CATOM iHTPaKpaHianbHOI remoparii
(R=0,29, p<0,01). BctaHoBNEHO, 10 OUiHKa BMicTy MMI1-9 B cvpoBaTui
KPOBIi pa3oM i3 HelpoBidyanizauiiHUMK NOKa3HNKaMU (BUPaXeHicTb
naTepanbHoOl AMCIoKaLil CepeanHHUX CTPYKTYP MO3KY, 06CAr BTOPUH-
HOTO BHYTPILIHBOLLYHOYKOBOrO KPOBOBMIUBY) Y CKNagi po3pobneHoi
MyNbTUNPEeANKTOPHOI JIOTICTUYHOI perpeciHoi Moaeni JO3BOSAE BU-
3HayaTW iHAMBIAYaNbHUA PU3UK PAHHBLOTO KIiHIKO-HEBPOOriYHOro
noripweHHa 3 TouHicTio 90,5% (AUCXSE (95% poBipunin iHTep-
Ban)=0,93+0,03 (0,86-0,97), p<0,0001). BucHosok. Bmict MMI1-9 B crpo-
BaTLi KpoBi NauieHTis i3 CCBMK B 1-wy o6y 3 MOMeHTY rocnitanisadii €
iHpOPMaTUBHUM AOAATKOBMM MOKA3HUKOM A1l MPOrHO3YBaHHSA paH-
HbOrO KJIiHIKO-HEBPOOriYHOrO MOTipLEeHHA Ha TJIi KOHCePBaTUBHOI
Tepanii.
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