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Summary

The aim of this study was to assess the value of nitric oxide (NO) and endothelin-1 (ET-1) serum concen-
trations as potential biomarkers for predicting the functional outcome in patients with acute ischemic stroke.

Material and methods. A total of 37 patients diagnosed with ischemic stroke and admitted to a multidis-
ciplinary vascular center were included in the study. The patients were divided into two groups based on the
severity of neurological deficits as determined by the National Institutes of Health Stroke Scale (NIHSS): Group
1 consisted of 20 patients with NIHSS scores <15, and Group 2 consisted of 17 patients with NIHSS scores >15.
The functional outcome was assessed using the NIHSS absolute values and the degree of disability measured
by the Modified Rankin Scale (mRS) by comparing the values before and after baseline treatment. Lab evalu-
ation included quantitative assessment of stable NO and ET-1 metabolites in patient’s serum at admission and
on day 10 of hospital stay. The SPSS Statistics V23.0 for Windows software package, Python programming lan-
guage, and Pandas and SciPy libraries were used for statistical data processing.

Results. Group 1 patients demonstrated a statistically significant decrease in NIHSS (P=0.0013) and
mRS (P<0.0001) scores, which was indicative of a favorable functional outcome. Group 2 patients showed
some recovery of only neurological deficit measured by NIHSS scale (P=0.0012), changes in degree of dis-
ability by mRS were statistically insignificant. On Day10 of hospital stay, both groups showed a clinically sig-
nificant increase in ET-1 content, and slight change in NO concentration. NIHSS score demonstrated a sig-
nificant negative correlation with baseline ET-1 concentrations: R=—0.82, P=0.00023 — in Group 1; R=—0.55,
P=0.00075 — in Group 2. Modified RS scores showed negative correlation with NO (R=—0.50, P=0.00044) and
ET-1 (R=-1.0, P=0.0074) concentrations in Group 1, and positive correlation with NO (R=0.55, P=0.0023) and
ET-1 (R=0.33, P=0.04) concentrations in Group 2.

Conclusion. Monitoring of NO and ET-1 serum concentrations provides valuable insights for personalized
assessment of the anticipated functional outcome in patients with cerebral ischemia. Further research and
the development of prognostic mathematical models are needed to validate the use of endothelial function
markers as predictive indicators of patients' recovery potential during the acute phase of ischemic stroke
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Introduction |egponse to a variety of events, including hyper-

Cardiovascular disease (CVD) remains the lead-
ing cause of death worldwide, accounting for 25%
of all deaths [1]. Ischemic stroke (IS) is a major
cause of morbidity and mortality as well as a sig-
nificant socioeconomic problem [2]. The search for
predictive biomarkers of stroke progression and
functional outcome is ongoing. As such biomarkers,
nitric oxide (NO) and endothelin-1 (ET-1) are prom-
ising candidates [3]. ET-1 is a multifunctional peptide
with cytokine-like activity produced by almost all
endothelial cell types [4]. Endothelial dysfunction
is characterized by increased ET-1 production in

glycemia, hypercholesterolemia, hypertension, es-
trogen deficiency, and biochemical and mechanical
abnormalities [5, 6]. Despite numerous studies in
recent years demonstrating the long-term and
potent vasoconstrictor effect of ET-1 on cerebral
vessels, its role in the pathophysiological mechanisms
of cerebral ischemia is still under active investiga-
tion [7, 8]. NO is a signaling molecule that is also
produced by endothelial cells and has potent va-
sodilator and anti-inflammatory effects which are
necessary to maintain vascular homeostasis [9].
Endothelial dysfunction is directly related to both
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adecrease in the production of active NO metabolites
and changes in the sensitivity of endothelial cells
to NO. Increased NO production occurs in many
brain conditions, including acute cerebrovascular
accidents and neurodegenerative diseases [10]. The
opposing effects of NO and ET-1 on the regulation
of local vascular tone are balanced in healthy tissues
and dysregulated in cerebral ischemia [11]. Thus,
these markers of endothelial dysfunction are of
particular interest and can be used as early predictors
of blood flow and coagulation disturbances associ-
ated with vasoconstriction, leukocyte adhesion,
and platelet activation [12]. The role of NO- and
ET-driven mechanisms in the regulation of vascular
endothelial motor function in acute IS remains
poorly understood [13], which provides the rationale
for studying changes in the levels of stable NO and
ET-1 metabolites in patients with different severity
of IS. Mathematical models for prediction and as-
sessment of severity and outcome of stroke are also
promising.

The aim of the study was to evaluate the feasi-
bility of using serum levels of nitric oxide and en-
dothelin-1 as prognostic biomarkers of functional
outcome in acute ischemic stroke.

Materials and methods

The prospective cohort study was approved
by the Independent Ethical Committee of the Center
for Clinical Research of the Immanuel Kant Baltic
Federal University (protocol 34, dated 29.09.2022).
The study included 37 patients admitted to the pri-
mary vascular center of an emergency hospital with
the diagnosis of ischemic stroke. The sample size
of the study was not predetermined. All subjects
signed 2 copies of the informed consent prior to all
study procedures. To verify the IS subtype according
to the TOAST (Trial of Org 10172 in Acute Stroke
Treatment) criteria [14], clinical and diagnostic ex-
aminations were performed according to the officially
approved standards of medical care for stroke pa-
tients. At the time of admission, all patients under-
went a neurological examination and other routine
tests, including transcranial Doppler ultrasound of
extra- and intracranial vessels, 12-lead electrocar-
diography, complete blood count and blood bio-
chemistry, and pulse oximetry. Neuroimaging pa-
rameters were assessed by computed
tomography (CT) and magnetic resonance imaging
(MRI). If necessary, additional tests included MR/CT
angiography, echocardiography, ECG Holter moni-
toring, detailed coagulation study, examination for
systemic diseases, and lumbar puncture. All patients
were assessed on admission for level of consciousness
according to the Glasgow Coma Scale (GCS) and
stroke severity according to the National Institutes
of Health Stroke Scale (NIHSS). Patients were divided
into two groups according to the severity of neuro-

logical deficit on the NIHSS scale, which allowed
more accurate stratification of the patients studied
and use of the clinical data. Group 1 included 20 pa-
tients with NIHSS neurological deficit of less than
15 points, of whom 13 (65%) were males and 7 (35%)
were females. The mean age of the patients was
68.315.6 years. The initial NIHSS score in the group
was 6 [2; 9] points, which corresponded to moderate
severity.

Group 2 included 17 patients with neurological
impairment on the NIHSS scale >15 points, of whom
9 (52.9%) were men and 8 (47.1%) were women. The
mean age of the patients was 67.9+4.9 years. The pa-
tients' baseline NIHSS score was 18 [15; 28] points,
which corresponded to a severe ischemic stroke.

Inclusion criteria were clinical signs and symp-
toms consistent with the diagnosis of ischemic
stroke and age between 60 and 82 years. Exclusion
criteria were hemorrhagic stroke and transient is-
chemic attack.

The functional outcome criteria for acute is-
chemic stroke were selected from major clinical
scales such as the NIHSS Stroke Severity Scale and
Modified Rankin Scale (mRS) disability. The change
in patient status was expressed in absolute values,
and the difference between NIHSS and mRS scores
before and after initial treatment was calculated.

The laboratory study included measurement
of serum stable metabolites of NO and ET-1. Blood
samples were collected on admission and on day
10 of hospitalization.

BD Vacutainer® Plus Serum tubes were used
to collect 6 ml of venous blood. CEA482Hu Cloud-
Clone Corp. kits, Nitric Oxide Assay Kit A013-2-1
Cloud-Clone Corp. kits were used to determine
serum NO and ET-1 levels by enzyme-linked im-
munoassay.

Statistical data analysis was performed using
SPSS Statistics V23.0 for Windows software with
Pandas and SciPy libraries, following the appropriate
guidelines [15].

The distribution of quantitative variables was
evaluated using the Shapiro-Wilk criterion. Quan-
titative variables with normal distribution were de-
scribed by arithmetic mean (M) and standard devi-
ation (SD). For non-normal distribution, quantitative
data were described by median (Me), lower and
upper quartiles (Q1-Q3).

Data with normal distribution were compared
using ANOVA analysis of variance for dependent
and independent samples. For non-normal distri-
bution, the non-parametric Wilcoxon test was used.
Differences in the frequencies of parameters in two
independent groups were analyzed using Fisher's
exact criterion with two-sided confidence limits
and the y? criterion with Yates correction. The sig-
nificance level was set at P<0.05. For multiple com-
parisons of variables, the Bonferroni correction
(P<0.0125) was used to reject false positives.
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The correlation coefficient r was calculated to
assess the relationship between functional outcome
parameters and laboratory diagnostic parameters.
The value of r was [-1; 1], where —1 was complete
inverse dependence, 0 was the absence of any de-
pendence, and 1 was complete direct dependence.
To evaluate the correlation of continuous values,
including parameters measured in points, the Fech-
ner's method for calculating correlation coefficients
in small samples was selected:

Ng — Ny

r = —_—
f ng +np’

where 7, is the number of matched signs for
differences, n, is the number of unmatched signs.

The presence of correlation between the values
was confirmed if the coefficient exceeded the thresh-
old module value of 0.2. The significance of r was
confirmed by calculating the P-value [16]:

t_ran—Z

Vi—rz'
p-value = 2XP(T > t),

where ris the correlation coefficient, n is the
sample size, and P(T>1) is the probability of obtaining
the value of ¢in the distribution Twith (n-2) degrees
of freedom.

The standard value of 0.05 was chosen as the
threshold value. If the P-value was less than 0.05,
the correlation coefficient was considered significant.
Correlation coefficients with a P-value greater than
0.05 were excluded from consideration.

Results

Patients were treated according to standard
stroke care protocols. Thrombolytic therapy was
not administered because of contraindications or
because patients were hospitalized outside the ther-
apeutic window. Subtypes of ischemic stroke (TOAST
criteria), comorbidities, and clinical scores were
identified based on clinical and instrumental ex-
aminations (Table 1).

Diabetes mellitus was more frequently diag-
nosed in group 1 than in group 2, whereas the main
comorbidity in group 2 was brachiocephalic ather-
osclerosis according to transcranial Doppler ultra-
sound. The severity of disability according to mRS
was 2 [0; 4] points in group 1 patients, which corre-
sponded to a moderate impairment of performance,
and 4 [2; 5] points in group 2 patients, which corre-
sponded to a severe impairment of performance
and inability to manage their physical needs without
assistance. Patients in group 2 had a significant
decrease in mRS and NIHSS scores (P<0.0001)
compared to group 1. No significant differences
were found in basic demographic and laboratory
parameters.

Changes in NO and ET-1 concentrations, NIHSS
and mRS at the time of admission and on day 10 of
hospitalization are shown in Table 2.

Patients in the first group showed a significant
decrease in NIHSS score (P=0.0013) and mRS dis-
ability level (P<0.0001), indicating a favorable func-
tional outcome. Patients in the second group showed

Table 1. Main clinical and statistical characteristics of brain ischemic stroke in patients with different severity of

disease according to NIHSS.

Parameter Values in groups P-value
Group 1, N=20 Group 2, N=17
Demographic characteristics
Men, N (%) 13 (65.0) 9 (52.9) 0.455
Women, N (%) 7 (35.0) 8 (47.1) 0.455
Mean age, yeas 68.30+5.63 67.90+4.91 0.820
Subtypes of ischemic stroke (TOAST criteria, % of patients)
IS due to atherosclerosis
of large arteries (atherothrombotic) 30.0 29.4 0.968
IS due to cardiogenic embolism (cardioembolic) 40.0 29.4 0.500
IS due to occlusion of small arteries (lacunar) 30.0 35.3 0.731
IS of unknown etiology 0 5.9 0.271
Comorbidity (% of patients)
Atherosclerosis (>50%) 35.0 64.7 0.0365
Diabetes mellitus 30.0 17.6 0.0228
Atrial fibrillation 25.0 35.3 0.494
Hypertension 75.0 58.8 0.294
Recurrent stroke 25.0 17.6 0.586
Clinical scales (points)
Glasgow coma scale 15+0.01 14.47+1.2 0.0617
mRS 2 10; 4] 4 [2; 5] <0,001*
NIHSS 6[2;9] 18 [15; 28] <0,001*
Laboratory parameters
NO (mmol/L) 0.001589+0.001 0.0016601+0.002 0.889
ET-1 (pg/mL) 25.02+8.36 24.90+8.62 0.966
ET-1 (pg/mL) 25,02+8,36 24,90+8,62 0,966

Note. * — significant differences between groups.
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Table 2. Comparative characteristics of laboratory and clinical parameters at admission and on day 10 of hos-
pital stay.
Parameter Values in groups P-value
Group 1, N=20 Group 2, N=17
Day 1 Day 10 Day 1 Day 10
NIHSS (points) 6 (2; 9] 2.51[0;7] 18 [15; 28] 12 [4; 20] P;=0.0013*
P,=0.0012*
P,<0.001*
mRS (points) 2 [0; 4] 0.75 [0; 2] 4(2; 5] 3.5[2; 5] P;<0.0001*
P,=0.214
P,<0.001*
NO (mmol/L) 0.001589+0.001 0.001628+0.001 0.0016601+0.002 0.001330+0.001 P,=0.875
P,=0.547
P4=0.373
ET-1 (pg/mL) 25.02+8.36 31.62+9.14 24.90+8.62 31.24+8.93 P,=0.018
P,=0.0431
P4=0.903

Note. P, — difference between the parameters on days 1 and 10 of hospital stay in group1; P, — difference between the parameters
on days 1 and 10 of hospital stay in group 2; P; — difference of parameters between groups on day 10 of hospital stay; * — significant

differences.

only an improvement of neurological deficit ac-
cording to NIHSS (P=0.0012). Changes in mRS dis-
ability score were insignificant in this group. Analysis
of changes in NO and ET-1 showed an increase in
ET-1 levels on day 10 of hospitalization in patients
in both groups.

No significant changes in NO levels were found
in patients of groups 1 and 2 (Fig. 1).

When examining the correlations between
baseline levels of NO, ET-1 and functional outcome
parameters according to the mRS and NIHSS scales,
relationships of different strength and direction
were found.

The most significant correlations were found
for the NIHSS score with baseline ET-1 levels in
group 1 (=-0.82, P=0.00023) and group 2 (r=—0.55,
P=0.00075) patients and for NO (7=0.50, P=0.0036)
in group 2 patients (Fig. 2, a).

When assessing the association of patient dis-
ability at admission based on mRS with NO and
ET-1 levels, a negative correlation was found with
both NO (r=-0.50, P=0.00044) and ET-1 (r=-1.0,
P=0.0074) concentrations in group 1 patients. Group 2
patients showed a positive correlation of NO (r=0.55,
P=0.0023) and ET-1 (=0.33, P=0.04) with mRS scores
(Fig. 2, b).

Discussion

Prognostication of functional outcome of acute
ischemic stroke using various predictors is an es-
sential component of personalized medicine [17].
Evaluation of biochemical markers of endothelial
dysfunction together with stroke severity score
(NIHSS) and patient independence score (mRS) is
a useful clinical decision support tool in the man-
agement of acute ischemic stroke [18].

In this study, a greater reduction in mRS in-
dependence score was found in patients with severe
ischemic stroke compared to patients with moderate
neurological deficits according to NIHSS. The results
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Fig. 1. Changes in serum concentrations of NO and ET-1 in pa-
tients with acute ischemic stroke.

are consistent with other studies reflecting the
close relationship between NIHSS and mRS scores
and the importance of IS severity in predicting
functional disability outcomes after stroke [19-21].
Changes in NIHSS and mRS parameters suggest a
favorable functional outcome for patients with
moderate IS severity. In patients with severe IS, a
significant decrease in NIHSS parameters was also
found, but the severity of neurological deficit at
day 10 remained high (12 [2; 20] points) and corre-
sponded to a moderate impairment on mRS (3.5
[2; 5] points), which indicates insignificant functional
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Regardless of stroke severity,
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a negative correlation was found
between baseline ET-1 levels and
NIHSS neurological deficit scores.
Despite the well-established vaso-
constrictive effect of ET-1, which
negatively affects recovery, the re-
sults obtained show an inverse cor-
relation and regression of neuro-

~NO
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NO 1 -0.500 0.556

-1.000 0.333
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logical deficit associated with a sig-
nificant increase in ET-1.

One of the possible explana-
tions for this is the autocrine-
paracrine effect of endotelin-1 at
low concentrations, leading to the
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release of vascular relaxing factors
from the endothelium [31-33].
Another neuroprotective

Fig. 2. Correlation between the levels of ET-1 (pg/mL) and NO (mmol/L) and the
NIHSS (a) and mRS (b) scores in patients with acute ischemic stroke.

improvement and cannot be considered as a marker
of favorable prognosis.

In patients with IS, circulating endothelin levels
are elevated compared to baseline and normal
levels [22]. Analysis of changes in laboratory pa-
rameters showed an increase in ET-1 levels on day
10 of hospitalization compared to baseline in patients
of both groups. This increase may be due to several
mechanisms underlying the pathogenesis of IS,
such as hypoxia, neuroimmune processes, hyper-
coagulation, and platelet activation in ischemic
areas, which are directly related to impaired vascular
endothelial secretion [23]. On the other hand, ath-
erosclerotic vascular changes also predict endothelial
dysfunction and, accordingly, increased ET-1 pro-
duction by damaged endothelial cells [24-26].

In patients with moderate severity of IS, a
slight increase in stable NO metabolites has been
observed, indicating preserved microcirculatory
compensatory mechanisms and a good prognosis
in terms of functional outcome [27]. Increased de-
ficiency of endogenous NO in patients with severe
neurological deficit may be due to insufficient de-
activation of lipid peroxidation and decreased an-
tioxidant defense, which play a critical role in the
regulation of cerebral microvascular tone, leading
to worsened hypoxia [28, 29]. High ET-1 concentra-
tion together with NO deficiency contributes to the
persistence and worsening of vasoconstrictor re-
sponses, progression of neurological deficits, and
predicts an unfavorable functional outcome in pa-
tients with a high NIHSS score [30].

mechanism contributing to the re-
gression of neurological signs is
also determined by the ET-1-me-
diated effect and is associated with
the inhibition of endothelial cell apoptosis [34]. The
positive correlation of NIHSS scores with NO levels
has been shown in several studies demonstrating
the positive effect of free NO metabolites on the re-
duction of neurological signs through vasodilation
and mediated neuroprotection [35, 36]. The increase
in NO and ET-1 levels in patients with moderate is-
chemic stroke corresponds to the reduction of dis-
ability on the mRS scale and indicates a positive
functional outcome according to this criterion.

The role of NO and ET-1 expression in the in-
crease in mRS scores in patients with severe ischemic
stroke, which reflects a trend toward poor functional
recovery and patient disability, is still debated. Lim-
itations of our study include the small number of
patients and the lack of a control group.

Conclusion

The study of NO- and ET-1-driven mechanisms
of regulation of endothelial vascular function and
their role in the pathogenesis of ischemic stroke is
a promising direction. Evaluation of NO and ET-1
expression and changes may be used for personalized
assessment of predicted functional outcome in pa-
tients with acute ischemic stroke.

For a more accurate evaluation of predictors
of functional disability in stroke patients, further
studies with larger sample size and longer follow-
up are warranted, as well as the development of
prognostic mathematical models to validate the
use of endothelial function markers for predicting
patient recovery in acute ischemic stroke.

GENERAL REANIMATOLOGY, 2023, 19; 5

www.reanimatology.com



18

Clinical Studies

References

1. Timmis A., Vardas P, Townsend N., Torbica A.,
Katus H., De Smedt D., Gale C. P, et al. European
Society of Cardiology: cardiovascular disease
statistics 2021: Executive Summary. Eur Heart |
Qual Care Clin Outcomes. 2022; 8 (4): 377-382.
DOI: 10.1093/ehjqcco/qcac014. PMID: 35488372.

2. Owolabi M. O., Thrift A. G., Mahal A., Ishida M.,
Martins S., Johnson W. D., Pandian J., et al.
Primary stroke prevention worldwide: translating
evidence into action. Lancet Public Health. 2022;
7 (1): e74-e85. DOI: 10.1016/S2468-2667
(21)00230-9. PMID: 34756176.

3. Shaheryar Z.A., Khan M.A., Adnan C.S., Zaidi
A.A., Hanggi D., Muhammad S. Neuroinflam-
matory triangle presenting novel pharmacological
targets for ischemic brain injury. Front Immunol.
2021; 12: 748663. DOI: 10.3389/fimmu.2021.
748663. PMID: 34691061.

4. Barton M., Yanagisawa M. Endothelin: 30 years
from discovery to therapy. Hypertension. 2019;
74 (6): 1232-1265. DOI: 10.1161/HYPERTEN-
SIONAHA.119.12105. PMID: 31679425.

5. Tonybes A.M. Mojesu UIIeMUYECKOT0 MHCYJIBTa
(0630p). O611as1 peanmMmaroJiorust. 2020; 16 (1):
59-72. [Golubev A.M. Models of ischemic stroke
(review). General Reanimatology/Obshchaya Re-
animatologya. 2020; 16 (1): 59-72. (In Russ.)].
DOI: 10.15360/1813-9779-2020-1-59-72.

6. Mikhailova L.V., Belousova Y.D., Moiseeva E.M.,
Tsapkova A.A., Gazatova N.D., Plotnikova A.R.,
Rudev D.G., et al. Dynamics of endothelial func-
tion indexes in patients with post-Covid syndrome
using a combination drug of ethylmethylhy-
droxyperidine succinate/vitamin B6. Research
Results in Pharmacology. 2023; 9 (2): 21-26. DOL:
10.18413/ rrpharmacology.9.10023.

7. Cheng Y.-W,, Li W.-J., Dou X.-]., Jia R., Yang H.,
Liu X.-G., Xu C.-B., et al. Role of endothelin-1
and its receptors in cerebral vasospasm following
subarachnoid hemorrhage. Mol Med Rep. 2018;
18 (6): 5229-5236. DOI: 10.3892/mmr.2018.9513.
PMID: 30272323.

8. Nishiyama S.K., Zhao J., Wray D.W., Richardson
R.S.Vascular function and endothelin-1: tipping
the balance between vasodilation and vasocon-
striction. J Appl Physiol (1985). 2017; 122 (2):
354-360. DOI: 10.1152/japplphysiol.00772.2016
PMID: 27909229.

9. Cyr A.R., Huckaby L.V,, Shiva S.S., Zuckerbraun
B.S. Nitric oxide and endothelial dysfunction.
Crit Care Clin. 2020; 36 (2): 307-321. DOI:
10.1016/j.ccc.2019.12.009. PMID: 32172815.

10. Tewari D., Sah A.N., Bawari S., Nabavi S.E, Deh-
pour A.R., Shirooie S., Braidy N., et al. Role of

11.

12.

13.

14.

15.

16.

17.

18.

nitric oxide in neurodegeneration: function, reg-
ulation, and inhibition. Curr Neuropharmacol.
2021;19 (2): 114-126. DOI: 10.2174/1570159X186
66200429001549. PMID: 32348225.

Gupta R.M., Libby P, Barton M. Linking regulation
of nitric oxide to endothelin-1: the Yin and Yang
of vascular tone in the atherosclerotic plaque.
Atherosclerosis. 2020; 292: 201-203. DOI:
10.1016/j.atherosclerosis.2019.11.001 PMID:
31810569.

Tran N., Garcia T, Aniqa M., Ali S., Ally A., Nauli
S.M. Endothelial nitric oxide synthase (eNOS)
and the cardiovascular system: in physiology
and in disease states. Am J Biomed Sci Res. 2022;
15 (2): 153-177. PMID: 35072089.

Ryabchenko A.Yu., Dolgov A.M., Denisov E.N.,
Kolosova N.I. [Application of mathematical mod-
eling methods in the evaluation of severity of is-
chemic stroke in patients with arterial hyper-
tension]. [article in Russian]. Zh Nevrol Psikhiatr
Im S S Korsakova. 2019; 119 (12. Vyp. 2): 13-18.
DOI: 10.17116/jnevro201911912213. PMID:
32207713.

Adams H. P Jr.,, Bendixen B.H., Kappelle L.]., Biller
J., Love B.B., Gordon D.L., Marsh E.E. Classification
of subtype of acute ischemic stroke. Definitions
for use in a multicenter clinical trial. TOAST.
Trial of Org 10172 in Acute Stroke Treatment.
Stroke. 1993; 24 (1): 35-41.DOI: 10.1161/01.str.24.
1.35. PMID: 7678184.

Kysoenes A.H., flozapoe M.A., bepukawsuiu
JLB., Psabosa E.B., Tonuaposa /I./1., Ilepexodos
C.H., Jluxeanuyes B.B. BbIOOp MeTOIa CTaTUCTH-
YeCcKOTo aHaau3a. AHecme3uosioeusi U peau-
mamoaozus. 2021; (3): 88-93. [Kuzovlev A.N.,
Yadgarov M.Ya., Berikashvili L.B., Ryabova E.V,,
Goncharova D.D., Perehodov S.N., Likhvantsev
V.V. Choosing the right statistical test. Russian
Journal of Anesthesiology and Reanimatology/
Anesteziologiya i Reanimatologiya. 2021; (3):
88-93. (In Russ.)]. DOI: 10.17116/anaesthesiol-
0gy202103188.

Akoglu H. User's guide to correlation coefficients.
Turk ] Emerg Med. 2018; 18 (3): 91-93. DOI:
10.1016/j.tjem.2018.08.001. PMID: 30191186.
Shin S., Lee Y., Chang W.H., Sohn M.K., Lee ].,
Kim D.Y, Shin Y.-1, et al. Multifaceted assessment
of functional outcomes in survivors of first-time
stroke. JAMA Netw Open. 2022; 5 (9): e2233094.
DOI: 10.1001/jamanetworkopen.2022.33094.
PMID: 36149652.

Alaka S.A., Menon B.K., Brobbey A., Williamson
T, Goyal M., Demchuk A.M., Hill M. D., et al.
Functional outcome prediction in ischemic
stroke: a comparison of machine learning algo-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2023, 19; 5



Clinical Studies

rithms and regression models. Front Neurol.
2020; 11: 889. DOTI: 10.3389/fneur.2020.00889.
PMID: 32982920.

19.Alawneh K.Z., Qawasmeh M.A., Raffee L.A., Al-
Mistarehi A.H. Ischemic stroke demographics,
clinical features and scales and their correlations:
an exploratory study from Jordan. Future Sci
OA. 2022; 8 (7): FSO809. DOI: 10.2144/fsoa-2022-
0017. PMID: 36248068.

20.Chen W.-C., Hsiao M.-Y., Wang T.-G. Prognostic
factors of functional outcome in post-acute
stroke in the rehabilitation unit. J Formos Med
Assoc. 2022; 121 (3): 670-678. DOI: 10.1016/j.jfma.
2021.07.009. PMID: 34303583.

21.Andpeitiuenro C.A., Boruunun M.B., Kavina T.B.
OreHKa U BBISBJEHUE MPETUKTOPOB addek-
TUBHOCTH paHHEH peadWJINTalu¥ HallueHTOB
B MHOTOITPO(MIILHOM OTHAEJIEHNU PEaHNMAaIIT
Y MTHTEHCUBHOU Tepanun. BecmHuk unmencus-
Holi mepanuu um. A.H. Carmanosa. 2020; 1:
33-40. [Andreichenko S.A., Bachinin M.V., Klypa
T.V. Evaluation and identification of predictors
of the effectiveness of early rehabilitation of pa-
tients in a multidisciplinary intensive care unit.
Ann Crit Care /Vestnik Intensivnoy Terapii im Al
Saltanova. 2020; 1: 33-40. (in Russ.)]. DOI:
10.21320/1818-474X-2020-1-33-40.

22.Koyama Y. Endothelin systems in the brain: in-
volvement in pathophysiological responses of
damaged nerve tissues. Biomol Concepts. 2013;
4 (4): 335-347. DOI: 10.1515/bmc-2013-0004.
PMID: 25436584.

23. Westphal L.R, Schweizer ]., Fluri E, De Marchis
G.M., Christ-Crain M., Luft A.R., Katan M. C-ter-
minal-pro-endothelin-1 adds incremental prog-
nostic value for risk stratification after ischemic
stroke. Front Neurol. 2020; 11: 629151. DOI:
10.3389/fneur.2020.629151. PMID: 33584523.

24.Sapira V., Cojocaru I.M., Lilios G., Grigorian M.,
Cojocaru M. Study of endothelin-1 in acute is-
chemic stroke. Rom J Intern Med. 2010; 48 (4):
329-332. PMID: 21528761.

25.11u3os A.B., IIusos H.A., Ckaurosa O.A., IIusosa
H.B. 9unoresiuanbHast AUCHYHKINA KaK paHHUH
MIPEINKTOP arepockaepo3a. MeduyuHckuii at-
dpasum. 2019; 4 (35): 28-33. [Pizov A.V, Pizov
N.A., Skachkova O.A., Pizova N.V. Endothelial
dysfunction as early predictor of atherosclerosis.
Medical Alphabet /Meditsinskiy Alfavit. 2019; 4
(35): 28-33. (in Russ.)]. DOI: 10.33667/2078-
5631-2019-4-35 (410)-28-33.

26.Ilonwvixoea 3.b., Cmenanosa T.B., JlazymuHa
A1, Kupuasu T.C., Heanos A.H. Posib caxapHOIO
nrabeTa B BOSHUKHOBEHUHU U PA3BUTUU IHIO-
TesanbHON AuchyHKIUA. [Ipobremsvt IHOO-

kpuHoaozuu. 2020; 66 (1): 47-55. [Popyhova E.B.,
Stepanova T'V,, Lagutina D.D., Kiriazi 1.S., lvanov
A.N. The role of diabetes in the onset and devel-
opment of endothelial dysfunction. Probl En-
docrinol (Mosk). 2020; 66 (1): 47-55. (in Russ.)].
DOI: 10.14341/probl12212. PMID: 33351312.

27.Nash K.M., Schiefer I.T., Shah Z.A. Development
of a reactive oxygen species-sensitive nitric oxide
synthase inhibitor for the treatment of ischemic
stroke. Free Radic Biol Med. 2018; 115: 395-404.
DOI:10.1016/j.freeradbiomed.2017.12.027. PMID:
29275014.

28.Chen Z.-Q., Mou R.-T., Feng D.-X., Wang Z., Chen
G. The role of nitric oxide in stroke. Med Gas
Res. 2017; 7 (3): 194-203. DOI: 10.4103/2045-
9912.215750. PMID: 29152213.

29. Wieronska J.M., Cieslik P, Kalinowski L. Nitric
oxide-dependent pathways as critical factors in
the consequences and recovery after brain is-
chemic hypoxia. Biomolecules. 2021; 11 (8): 1097.
DOI: 10.3390/ biom11081097. PMID: 34439764.

30. Patel S.D., Topiwala K., Oliver EO., Saber H.,
Panza G., Mui G., Liebeskind D.S., et al. Outcomes
among patients with Rreversible cerebral vaso-
constriction ayndrome: a nationwide United
States analysis. Stroke. 2021; 52 (12): 3970-3977.
DOI: 10.1161/STROKEAHA. 121.034424. PMID:
34470494.

31. Ipemuna H., Ilypvieun M., Illypoieuna H. JH-
JIOTeJIMHBI B HOpME U I1aToJIOTuu. MeowcoyHa-
POOHbLIL JHCYPHAL NPUKIAOHLIX U PYHOAMEH-
manvHwuix uccaedosaruii. 2016; (10-2): 210-214.
[Dremina N., Shurygin M., Shurygina I. Endothe-
lins under normal and pathological conditions.
International Journal of Applied and Fundamental
Research/Mezhdunarodny Jhurnal Prikladnykh
i Fundamentalnykh Issledovaniy. 2016; (10-2):
210-214. (in Russ.)]. eLIBRARY ID: 26699325.
EDN: WMGULD.

32. Rapoport R.M., Merkus D. Endothelin-1 regulation
of exercise-induced changes in flow: dynamic
regulation of vascular tone. Front Pharmacol.
2017; 8: 517. DOI: 10.3389/fphar.2017.00517.
PMID: 29114220.

33. Drawnel EM., Archer C.R., Roderick H.L. The role
of the paracrine/autocrine mediator endothe-
lin-1 in regulation of cardiac contractility and
growth. Br J Pharmacol. 2013; 168 (2): 296-317.
DOI: 10.1111/j.1476-5381.2012.02195.x. PMID:
22946456.

34.Ranjan A.K., Gulati A. Sovateltide mediated en-
dothelin B receptors agonism and curbing neu-
rological disorders. Int J Mol Sci. 2022; 23 (6):
3146. DOI: 10.3390/ijms23063146. PMID:
35328566.

GENERAL REANIMATOLOGY, 2023, 19; 5

www.reanimatology.com

19



Clinical Studies

[ |
35.Garry PS., Ezra M., Rowland M.]., Westbrook J., and the emergent epigenetic underpinnings.
Pattinson K. T. The role of the nitric oxide pathway Mol Neurobiol. 2019; 56 (3): 1749-1769. DOI:
in brain injury and its treatment--from bench 10.1007/s12035-018-1141-6. PMID: 29926377.
to bedsi(‘ie. Exp Neurol. 2015; 263: 235-243. DOL: Received 10.07.2023
10.1016/j.expneurol.2014.10.017. PMID: 25447937. Accepted 20.09.2023
36. Narne P, Pandey V., Phanithi PB. Role of nitric
oxide and hydrogen sulfide in ischemic stroke

20 www.reanimatology.com GENERAL REANIMATOLOGY, 2023, 19; 5



