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Prognostic value of red cell distribution width
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Abstract. Relevance. Red cell distribution width (RDW), a marker of erythrocyte size variability, is considered a potential
prognostic factor in cardiovascular diseases. Accurate risk assessment in acute myocardial infarction (MI) is crucial, yet
identifying reliable prognostic markers remains essential for guiding clinical decisions and improving long-term survival. This
study aims to investigate the prognostic value of RDW on admission for long-term mortality in patients with acute MI. Materials
and methods. The prospective observational study included 577 MI patients who underwent coronary angiography within
24 hours of admission. Demographic data, vital signs, laboratory test data, and comorbidities were collected from the database.
The clinical endpoint was 18-month mortality. The associations between RDW, clinical parameters and clinical outcomes was
evaluated using logistic regression and receiver operating characteristic (ROC) analysis. Results and Discussion. The median
age of patients was 65 (interquartile range [IQR]: 56-74) years, 60.7% were male. The 18-month mortality rate was 11.4%
(n = 66). Median RDW was 14.2% (IQR 13.5-15.0). RDW was correlated with age, history of coronary artery disease, previous
MI, previous cerebrovascular accidents, atrial fibrillation, peripheral artery disease, hemoglobin, left ventricular ejection fraction
and GRACE score. Patients with 18-month mortality had significantly higher RDW values compared to survivors (15.0%
vs. 14.1%, p < 0.001). Higher RDW values were associated with an increased 18-month mortality (quartile 1: 3.9%, quartile
2: 5.4%, quartile 3: 13.4%, quartile 4: 23.9%, p <0.001). Univariate analysis revealed that RDW was associated with 18-month
mortality (odds ratio [OR]: 1.38; 95% confidence interval [CI]: 1.20-1.58, p<0.001). Multivariate analysis revealed RDW as an
independent predictor of 18-month mortality (adjusted OR: 1.33, 95% CI: 1.12-1.58, p<0.001). The area under the ROC curve
of RDW was 0.708 (95% CI: 0.642-0.775, p<0.001) for predicting 18-month mortality. The optimal cutoff value of RDW to
predict 18-month mortality was 14.2% with a sensitivity of 78.8% and a specificity of 54.8%. Conclusion. Elevated RDW value
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on admission was associated with an increased risk of 18-month mortality in patients with acute MI. RDW was an independent
predictor of 18-month mortality in patients with acute MI, highlighting its potential as a prognostic marker in this population.
Keywords: acute myocardial infarction, long-term mortality, prognosis, red cell distribution width
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Introduction

Myocardial infarction (MI) is widely recognized
as the predominant clinical manifestation of
coronary artery disease (CAD), a leading cause of
cardiovascular mortality globally with far-reaching
health implications [1]. Despite the well-defined
diagnostic criteria and established treatment strategies
for acute MI [2], elevated mortality rates persist,
emphasizing the crucial importance of identifying
high-risk patients for optimal survival outcomes.
Accurate risk stratification is thus imperative in the
context of acute MI [3, 4].

In the pathogenesis of CAD, inflammation
assumes a key role, contributing to plaque instability
and rupture [5, 6]. The red blood cell distribution
width (RDW) is a metric utilized in routine complete
blood counts (CBCs) to measure the size variability
among red blood cells [7]. Recent investigations have
proposed that inflammatory processes, neurohormonal
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activity, and activation of the adrenergic system
may influence erythrocyte maturation by disrupting
the erythrocyte membrane, resulting in elevated
RDW [8, 9]. While traditionally utilized for the
differential diagnosis of anemia and hematological
disorders, RDW has attracted attention for its
potential prognostic relevance in individuals with
acute MI [7, 10]. Recent studies indicate an adverse
prognostic correlation between elevated RDW and
various cardiovascular conditions, including stable
CAD, heart failure, general population, acute MI,
and stroke [6, 7, 10—-14]. Despite the diversity in
RDW research related to the clinical prognosis of
patients with cardiovascular diseases [14-17], the
predictive power of RDW in mortality for acute MI
patients remains uncertain. The aim of the present
study was to investigate the relationship between
RDW on admission and long-term mortality within
18 months in patients with acute MI.
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Materials and methods

The study was designed as a single-center
prospective observational cohort investigation,
conducted at the Vinogradov municipal clinical hospital
(Moscow, Russia). All patients aged >18 years admitting
with acute MI and undergoing coronary angiography
(CAG) <24 hours after symptom onset from January 1,
2020, to December 31, 2021 were included. We
excluded men or women who were with type 3, 4 and
type 5 MI as well as those who developed MI during
hospitalization. MI was diagnosed by using the Third
universal definition of MI [18].

The baseline demographic and clinical
characteristics, cardiovascular risk factors and
comorbidities, data on physical examination, blood
tests and imaging methods (electrocardiography,
echocardiography, CAG), and medications during
hospitalization were collected. Access 2 Immunoassay
System (Beckman Coulter. USA) was used for
the measurement of cardiac Troponin I with 99
percentile upper reference limit (URL) being
0.02 ng/L. Patients with incomplete medical history
were not originally included in the dataset. The
CBCs, thus including the measurement of RDW
and hemoglobin, was performed in all patients at
admission using a Siemens ADVIA 2120i hematology
analyzer (Siemens Healthcare Diagnostics, Erlangen,
Germany). The Global Registry of Acute Coronary
Events (GRACE) 2.0 score was used to assess risk
stratification of MI patients [19].

The primary outcome was mortality occurred
within 18 months after discharge. Mortality was
defined as death from any causes that was recorded
in patients’ electronic medical records and death
registers. In cases where patients were not followed
up at our facility, the endpoint was monitored through
telephone communication with patients’ relatives. At
the study closing date all of follow-up information
was available. The study complies with the guidelines
of the Declaration of Helsinki and was independently
approved by the local Ethics Committee of the
Institute of Medicine, Peoples’ Friendship University
of Russia. All patients provided written informed
consent.

CARDIOLOGY

Statistical analysis. The baseline characteristics of
all patients were stratified according to the RDW tertiles.
Categorical variables were described as frequencies
and percentages, while continuous variables were
presented using mean, median (Me), and interquartile
range (IQR) values. Chi-square test or Fisher’s exact
test was employed to compare categorical variables,
and the Kruskal-Wallis test was used for continuous
variables to compare groups. Correlations between
RDW and other parameters were assessed using
Spearman’s rank correlation test. Logistic binomial
regression was employed to evaluate the independent
effects of RDW on clinical outcomes. Univariate logistic
regression analysis was utilized to identify associations
with mortality, generating odds ratios (OR) and their
95% confidence intervals (CIs). All variables found
to be significantly associated with RDW were entered
into a multivariate model using a stepwise method.
The predictive accuracy of RDW for mortality within
18 months after acute MI was identified by receiver
operating characteristics (ROC) curve analysis to
measure the sensitivity and specificity of RDW, and the
area under the curve (AUC) was calculated. Statistical
analysis was performed using SPSS 25.0 (SPSS Inc.,
Chicago, IL, USA). All analyses with P values < 0.05
were considered statistically significant, and all reported
P values were 2-sided.

Results and discussion

We identified 577 patients with MI undergoing
CAG. The median age of patients was 65 (IQR: 56—74)
years, 60.7% were male (n=350). The median and IQR
of RDW were 14.2% and 13.5—15.0%, respectively.
The baseline characteristics of patients stratified
according to quartiles of RDW are shown in Table 1.
Patients in the highest quartile of RDW, compared to
the lowest quartile, displayed a higher frequency of
cardiovascular risk factors such as arterial hypertension,
CAD, previous MI, and more concomitant comorbidities
such as previous cerebrovascular accidents, atrial
fibrillation, peripheral artery disease, and anemia. The
median value of the GRACE score also increased in
parallel with RDW values.
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Table 1

Baseline characteristics and laboratory findings of the study population stratified according to quartiles of red blood cell distribution width

Quartiles of red blood cell distribution width (RDW), %

Characteristics P
<135 13.5—-14.2 14.3—15.0 >15.0
Number of patients 127 167 149 137 -
Age, years, Me (IQR) 64 (55; 70) 64 (55; 74) 67 (56; 75) 67 (56.7; 77) 0.119
Men, n (%) 82 (64.6) 104 (62.3) 90 (60.4) 74 (55.2) 0.447
ST elevation, n (%) 58 (45.7) 85 (50.9) 73(49) 56 (41.8) 0.423
Arterial hypertension, n (%) 110 (86.6) 143 (85.6) 141 (94.6) 122 (91) 0.041
CAD, n (%) 45 (35.4) 63 (37.7) 78 (52.3) 76 (56.7) <0.001
Previous M, n (%) 19 (15) 27 (16.2) 38 (25.5) 40 (29.9) 0.005
Prior revascularization, n (%) 15(11.8) 15(9.0) 19 (12.8) 23(17.2) 0.201
Chronic HF, n (%) 7 (5.5) 10 (6.0) 13 (8.7) 10 (7.5) 0.699
Diabetes mellitus, n (%) 22 (17.3) 36 (21.6) 38 (25.5) 30 (22.4) 0.437
Previous cerebrovascular accident, n (%) 2(1.6) 11 (6.6) 17 (11.4) 11(8.2) 0.016
Atrial fibrillation, n (%) 8 (6.3) 9 (5.4) 25(16.8) 20 (14.9) 0.001
CKD, n (%) 7 (5.5) 11 (6.6) 10 (6.7) 14 (10.4) 0.428
Peripheral artery disease, n (%) 1(0.8) 1(0.6) 7 (4.7) 9(6.7) 0.005
Chronic obstructive pulmonary disease, n (%) 12(9.4) 22 (13.2) 27 (18.1) 22 (16.4) 0.183
Anemia, n (%) 20 (15.7) 26 (15.6) 41 (27.5) 69 (51.5) <0.001
Systolic BP, mm Hg, Me (IQR) 140 (120;160) | 135 (120; 150) 140 (120; 158) 137 (118; 160) 0.911
Heart rate, b.p.m, Me (IQR) 74 (66; 88) 76 (68; 86) 78 (68; 90) 77 (69.5; 96) 0.094
Troponin, ng/mL, Me (IQR) 0'3287(8)'08; 0.39(0.09;2.94) | 0.37(0.10;3.45) | 0.34(0.09;2.61) | 0.917
Hemoglobin, g/L, Me (IQR) 140 (128;148) | 141 (129;149) | 137(123.5;146) | 124(101;138.2) | <0.001
Creatinine, pmol/Le Me (IQR) 93 (83; 108) 92 (77;106) 95 (79; 112) 91 (79; 113) 0.504
Non-obstructive CAD, n (%) 16 (12.6) 17 (10.2) 17 (11.4) 16 (11.9) 0.927
LV EF%, Me (IQR) 46 (42;55) 46 (40.7; 55) 44 (40; 54.7) 44 (38; 50) 0.001
1 vessel CAD, n (%) 20 (15.7) 33(19.8) 16 (10.7) 17 (12.7) 0.125
2 vessels CAD, n (%) 27 (21.3) 34(20.4) 41 (27.5) 22 (16.4) 0.146
3 vessels CAD, n (%) 64 (50.4) 83 (49.7) 75 (50.3) 79 (59) 0.356
Percutaneous coronary intervention, n (%) 105 (82.7) 140 (83.8) 115(77.2) 99 (73.9) 0.121
GRACE score, points, Me (IQR) 113 (95;132) 116 (96; 139) 124 (100.5; 147) | 124 (100; 149.2) 0.009
Medical treatment:

Beta-blockers, n (%) 118 (92.9) 156 (93.4) 138 (92.6) 114 (85.1) 0.044
ACEi/ARBs, n (%) 115 (90.6) 145 (86.8) 133 (89.3) 115 (85.8) 0.608
Aspirin, n (%) 123 (96.9) 162 (97) 140 (94) 123 (91.8) 0.136
P,Y,, inhibitors, n (%) 123 (96.9) 163 (97.6) 146 (98) 134 (100) 0.626
Statins, n (%) 123 (96.9) 161 (96.4) 141 (94.6) 134 (100) 0.617
Anticoagulants, n (%) 27 (21.3) 42 (25.1) 44 (29.5) 39 (29.1) 0.373

Note: ACEi: angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blocker; BP: blood pressure, CAD: coronary artery
disease; CKD: chronic kidney disease; GRACE: Global Registry of Acute Coronary Events; HF: heart failure; IQR: interquartile range;
LV EF: left ventricular ejection fraction; Me: median, MI: myocardial infarction; RDW: red blood cell distribution width.
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RDW levels were correlated well with age, history
of CAD, previous MI, previous cerebrovascular
accidents, atrial fibrillation, peripheral artery disease
and the GRACE risk score. There was a negative
correlation between RDW and the left ventricular
ejection fraction (LV EF) and hemoglobin. We did not
observe any significant correlation between RDW and

other parameters (Table 2).
Table 2
Spearman’s correlations analysis between red blood cell distribution
width and other parameters

Variables rho-value p
Age 0.116 0.005
CAD 0.179 <0.001
Previous Ml 0.159 <0.001
Previous cerebrovascular accident 0.099 0.018
Atrial fibrillation 0.132 0.001
Peripheral artery disease 0.136 0.001
Hemoglobin -0.286 <0.001
LV EF -0.162 <0.001
GRACE score 0.16 <0.001

Note: CAD: coronary artery disease; GRACE: Global Registry of
Acute Coronary Events; LV EF: left ventricular ejection fraction;
MI: myocardial infarction.

As regards the follow-up, the median RDW
value in patients who died during hospitalization
and 18-month follow up was significantly higher
than that of survived patients (14.8% vs. 14.2%;
p=0.005, respectively and 15.0% vs. 14.1%; p<0.001,
respectively). After stratifying the entire study
population into quartiles of RDW, the incidence of in-
hospital death and death during 18 months increased in
parallel with RDW quartiles (p = 0.008 and p <0.001,
respectively) (Table 3).

Univariate logistic analysis demonstrated that RDW
was associated with mortality within 18 months in
patients with acute MI (OR 1.38; 95% CI, 1.20—1.58;
p<0.001). This association was then confirmed in
multivariate analysis (Table 4), which showed that RDW
remained independently associated with 18-month death
(adjusted OR, 1.33; 95% CI, 1.12—1.58; p<0.001).
A higher GRACE score and three-vessel CAD were
found to be additional independent predictors of
18-month death.

Incidence of in-hospital and 18-month death in patients with an acute myocardial infarction, stratified according rable 3
to quartiles of red blood cell distribution width
Outcome Quartiles of red blood cell distribution width (RDW),% P
<13.5 13.5—14.2 14.3—15.0 >15.0
In-hospital death, n (%) 4(3.1) 6 (3.6) 6 (4.0) 15(11.2) 0.008
18-month death, n (%) 5(3.9) 9(5.4) 20 (13.4) 32(23.9) <0.001
Table 4
Multivariate logistic regression analysis to assess predictors of 18-month mortality in patients with an acute myocardial infarction
Univariate Analysis Multivariate Analysis
Variables
OR (95% CI) P OR (95% Cl) P
RDW, % 1.38(1.20—1.58) <0.001 1.33 (1.12—1.58) 0.001
Age, years 1.10 (1.07-1.13) <0.001 1.03 (0.99—1.08) 0.167
Female gender 2.87 (1.69—4.86) <0.001 1.71(0.83—3.51) 0.143
CAD history 3.14 (1.81—5.46) <0.001 1.27 (0.62—2.58) 0.511
Previous cerebrovascular accident 3.69 (1.78—7.66) <0.001 1.64 (0.65—4.15) 0.293
Diabetes mellitus 2.12(1.22—-3.67) 0.008 1.45(0.69—3.04) 0.327
Atrial fibrillation 2.60 (1.34—5.03) 0.005 1.41 (0.63—3.14) 0.400
CKD 3.10 (1.47—6.50) 0.003 1.01 (0.37—-2.77) 0.983
Anemia 3.91(3.31-6.61) <0.001 1.22 (0.60—2.48) 0.577
CARDIOLOGY 147



Hoang TH et al. Bectuuk PYITH. Cepus: Megununa. 2025. T. 29. Ne 2

End of the table 4

Univariate Analysis

Multivariate Analysis

Variables
OR (95% CI) P OR (95% CI) P
Killip class =2 4.87 (2.86—8.28) <0.001 1.03 (0.48—2.17) 0.948
LV EF <40% 2.56 (1.43—4.60) 0.002 1.61(0.79—3.27) 0.188
GRACE score 2140 9.83 (5.50—17.59) <0.001 3.26 (1.22—8.74) 0.019
Three-vessel CAD 4.32 (2.30—8.12) <0.001 3.42 (1.57—7.44) 0.002

Note: CAD: coronary artery disease; Cl: confidence interval; CKD: chronic kidney disease; GRACE: Global Registry of Acute Coronary
Events; LV EF: left ventricular ejection fraction; OR: odds ratio, RDW: red blood cell distribution width.Top of Form

In ROC curves analysis, the AUC value was 0.708
in the evaluation of RDW as a predictor of 18-month
mortality (Figure 1). The optimal cut-off RDW for
estimating 18-month mortality was 14.2, with 78.8%
sensitivity and 54.8% specificity (adjusted OR, 4.19;
95% CI, 1.90—9.25; p<0.001).

Fig. 1. The receiver-operating characteristic (ROC) curve
for red blood cell distribution width for predicting 18-month
mortality (area under curve = 0.708, 95% confidence interval:

0.642—0.775, p<0.001)

In this study we aimed to establish the relationship
between RDW and mortality in patients with acute MI
patients. The main findings of this study are as follows:
1) patients with acute MI who died within 18 months

148

had higher RDW on admission; 2) the rate of in-hospital
and 18-month mortality was significantly higher in
patients with high RDW than in those with low RDW;
3) RDW on admission was an independent predictor
of 18-month mortality with acute MI.

Several studies previously investigated the role of
RDW in predicting adverse outcomes after an acute
MI. A high RDW value was found to be a significant
predictor of adverse outcomes in patients with acute
coronary syndrome (ACS), and especially of both
in-hospital and long-term cardiovascular mortality.
Uyarel et al. studied 2,506 patients undergoing primary
percutaneous coronary intervention (PCI) for ST-
segment elevation MI, and showed that patients with
elevated RDW (i.e., 16.1%) at admission had higher
in-hospital mortality rate compared to those with
normal RDW (7.6% vs. 3.6%; P<0.001) [19, 20]. In
a cross-sectional study, included 3101 patients with
acute MI, RDW was a significant risk predictor of in-
hospital mortality after adjusting for age, sex, clinical
and laboratory variables (tertile 3 (>14.2%) vs tertile
1 (£13.2%): hazard ratio [HR] 2.3; 95% CI 1.39-4.01;
p for trend <0.05) predictor of in-hospital mortality
[13]. Khaki et al followed 649 patients with acute MI
for 6 months and found that the 6-month mortality rate
was significantly higher in patients with high RDW
(214.6%) than in those with a low RDW (< 14.6%)
(24.3% vs. 7.9%; p<0.001) [21]. Gul et al. studied
310 patients with non-ST elevation MI and explored
the association between RDW at admission and
3-year outcome [22]. The overall mortality rate was
significantly higher in the high RDW group (>14.0%)
comparted to the low RDW group (<14.0%) (19%
vs. 6%, p<0.001). A significant association was also
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found between high admission RDW and adjusted
risk of cardiovascular mortality (HR, 3.2; 95% ClI,
1.3-7.78). Similar to these results, our study also
showed a positive correlation between RDW, and
18-month mortality of acute MI. Survival rates were
highest when the RDW was 13.5% and lowest when
the RDW was >15.0% after adjusting for age, sex,
comorbidity, Killip class, LV EF and GRACE score.
More specifically, a RDW higher than 14.2% was found
to be associated with a more than 4-fold enhanced risk
of 18-month death after an acute MI. Notably, the
association between RDW and 18-month mortality
was confirmed to be independent from other known
risk factors of adverse outcome after cardiac ischemia,
thus highlighting the valuable role of measuring RDW
in this clinical setting.

While recent research has established RDW as
a prognostic indicator for cardiovascular disease,
the precise mechanistic pathways underlying the
association between elevated RDW and adverse
clinical outcomes in cardiovascular conditions
remain incompletely elucidated. It is plausible that
inflammatory and neurohormonal activation play
a crucial role in establishing these mechanistic
links, as suggested by recent investigations [23,
24]. Inflammatory factors are implicated in the
desensitization of bone marrow erythroid progenitor
cells, hindering the antiapoptotic and promaturation
effects of erythropoietin. This process leads to an
influx of reticulocytes into the peripheral blood,
contributing to an elevation in RDW [25]. Additionally,
it induces alterations in the lipid structure of red blood
cells and compromises their degeneration capacity.
Consequently, there is a reduction in the oxygen-
carrying capacity of red blood cells and an increase
in whole blood viscosity, thereby heightening the
mortality risk in patients with MI [11, 16].

Our findings revealed a noteworthy positive
correlation between RDW, age, and cardiovascular
disease. Elevated RDW values have consistently been
associated with adverse outcomes, including mortality
and complications, in various chronic and prevalent
conditions such as coronary artery disease [14],
ischemic cerebrovascular disease [15], atrial
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fibrillation [26], peripheral artery disease [27], and
anemia [28]. The higher RDW levels observed in older
patients can be attributed to the increased prevalence
of anemia, inflammatory burden, comorbidities, poor
nutritional status, and age-associated diseases in this
demographic [11, 22]. This observation contributes to
a better understanding of the potential linkage between
RDW and 18-month mortality among patients with
acute MI.

The GRACE score’s prognostic significance
in ACS aligns with current guidelines [2, 29]. Our
study establishes a significant correlation between
RDW and the GRACE score, particularly for in-
hospital and 18-month mortality. When combined
with three-vessel CAD, this association enhances
prognostic insights, especially in emergency
outpatient settings. This dual assessment holds
potential for guiding decisions on patient transfer
and treatment strategies.

Our study has several limitations. The single-
center design and a relatively small sample size may
limit the generalizability of our findings. We did not
concurrently assess factors that influence RDW, such
as inflammatory markers, malnutrition indicators, and
natriuretic peptides, potentially introducing confounding
variables. Additionally, RDW was measured only once,
preventing an exploration of temporal variations during
hospitalization. Future studies with serial measurements
are needed to assess the incremental prognostic value of
such an approach. Furthermore, our study’s exclusive
focus on hemoglobin levels overlooks potential
influences on RDW from deficiencies in iron, vitamin
B12, or folate. Comprehensive assessments of these
factors are essential for a more nuanced interpretation
of RDW values.

Conclusion

RDW showed a correlation with traditional
cardiovascular factors. Higher RDW at admission
was independently associated with an elevated
risk of 18-month mortality in acute MI patients,
underscoring its potential as a prognostic marker
in this population.
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MporHocTuyeckoe 3HaueHue WUPUHbI pacnpeaenieHnust SpUTPOLUTOB
npu ocTpoM uHpapKTe MMOKapaa

Y.X. Xoanr"? g, B.B. Maiicko** ', U.A. Mepaii>* ', )K./I. KobaraBa**
"MepuimHckui yauBepcurtetr ®am Hrok Tau, e. XowumuH, BbemHam
2Kapauosiornyeckasi 6onbauia Tam [bIK, 2. XowumuH, BbemHam
3PoCCHIICKUI yHUBEPCUTET APY>KObI HapozioB nMenu [latpuca JIlymym6sl, . Mockea, Pocculickasi @edepayus
“‘Topopckast KTMHUYeCKast 6onbHuIa uM. B.B. BuHorpaioBa, e. Mockea, Pocculickas ®@edepayust
< truonghh@pnt.du.vn

AnHoTanus. AkmyaabHocmb. [llvpuHa pacnpefenenus spurporuTos (red blood cell distribution width, RDW), no-
Kazaresib BapuabeslbHOCTH pa3Mepa 3pUTPOLIMTOB PaCCMAaTPUBAIOTCS KaK MOTeHLUAIbHBIN TIPOTHOCTHUECKU (hakTop TIpu
CepJieuyHO-COCYAUCTHIX 3aboneBaHusx. TouHOe OljeHMBaHUeE PUCKa MPU 0CTPoM MH(apKTe Mrokapa (VM) kpaiiHe BaXKHO,
O/IHAaKO BBISIBJIEHUE Ha/Ie)KHBIX TIPOTHOCTUYECKUX MapKepPOB OCTAeTCsl He0OXOAMMBIM /I/1sl TIPUHSITHSL KJIMHUYeCKUX pelleHni
U yAy4llleHus J0Jr0CPOUHON BbDKUBaeMOCTH. Llenb ucciejoBaHus: M3YUUTh IPOrHOCTHYecKoe 3HaueHHe RDW nipu noctytine-
HUU Ha [IONTOCPOYHYI0 CMEPTHOCTD y MariueHToB ¢ ocTpbiM UIM. Mamepuanbt u memoosi. TIpocrieKTUBHOe HabuoaTeibHOe
HCCIeJOBaHUe BK/IFOUA/I0 577 MalfueHToB C OCTpbIM MMM, KOTOpBIM Obljla IpOBe/ieHa KOpoHaporpadus B TeueHue 24 yacop
C MOMeHTa noctymieHus. [lemorpaduueckye JaHHbIe, BUTA/IbHBIE TIOKA3aTe/ld, Pe3y/bTaThl J1abopaTOPHBIX UCC/Ie0BaHUH
Y COMYTCTBYMOLMe 3a00sieBaHus ObLTH TIOTy4eHbl U3 6a3bl JaHHBIX. [IepBUYHON KOHEUHOU TOUKOH siB/isiiachk 18-mecsiuHast
CMepTHOCTh. Accouanys Mexxiy RDW, kKimHr4yeckrMu NapameTpaMy U UCXOZ,0M OLieHHMBaach C UCIOIb30BaHUEM JIOTUCTHYe-
ckoii perpeccun 1 ROC-aHanmm3 (receiver operating characteristic). Pesyibmambi u 06cyscoeHue. MenyiaHa Bo3pacTa MarjieHToB
cocraBuia 65 net (MHTepKBapTHIBHBIN pasmax [UKP]: 56-74), 60,7% Obutu myxunHamu. Yactora 18-MecsuHON CMEPTHOCTH
cocraBuna 11,4% (n=66). Meariana RDW 6b11a 14,2% (MKP 13,5-15,0%). RDW Koppe/upoBast C BO3pacToM, HIIEMUUECKOR
Gosie3Hblo cep/ua, npeapiayiy VIM, npeabiyuiMu 1epe6poBacKy/IspHBIMU WHIUIeHTaMU, GUOpWIIsIveli Tipeacepani,
3aboneBaHueM neprdepruecKux apTepuii, reMoriooOuHOM, (pakiiyeli BEIOpoca JIeBoro >kemyouka u 6amnamu ro mkane GRACE.
¥ naiueHToB ¢ 18-MecsYHON CMePTHOCTBIO YpoBeHb RDW ObLT 3HaUMTE/BHO BBILIE 110 CPABHEHUIO C BEDKUBIIMMHU (15,0%
nipotuB 14,1%, p<0,001). Bonee Bricokue 3HaueHHss RDW accorjuripoBanuch ¢ yBendueHueM 18-MecsiuHON CMepTHOCTHU
(kBapTuib 1: 3,9%, kBapTuib 2: 5,4%, kBapTuib 3: 13,4%, kBapTuib 4: 23,9%, p <0,001). OaHodaKTOPHBIN JOTUCTUYECKUI
perpeccrMoHHbIN aHamm3 rokasasi, uro RDW accoivpoBaH ¢ 18-mecsiuHol cMepTHOCTBIO (oTHoIeHue 1iaHcoB [OI11], 1,38; 95%
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oBepuUTesTbHLIN nHTepBas [[U], 1,20—1,58, p <0,001). MHOTOhaKTOpHBIIM aHa/m3 BeIABHI RDW Kak He3aBUCHMBIHN TIPeTUKTOD
18-MecsiuHOM cMepTHOCTU (cKoppekTupoBaHHoe OIII: 1,33, 95% CI: 1,12—1,58, p <0,001). ITnowages nog ROC-kpuBoii
anst RDW cocrasuna 0,708 (95% CI: 0,642—0,775, p<0,001) ans npeacka3zanus 18-mecsiuHol cMepTHOCTH. OnTUMabHOe
roporoBoe 3HayeHre RDW f71s1 npefickaszaHusi 18-mMecsiUHOM CMepTHOCTH cOCTaBWiIO 14,2% INpu UyBCTBUTENBHOCTH 78,8%
u criequduuHoCcTH 54,8%. Bbi800b!. IToBBILIEHHOE 3HaueHHe RDW Tpu MoCTy/IeH|H OBIIO CBA3aHO C MOBBILIEHHBIM PUCKOM
18-MeCsIUHOM CMEPTHOCTH Yy MaLMeHTOB ¢ oCcTpbiM VUM. RDW 06biia He3aBUCUMBIM NIPEJUKTOPOM 18-MeCcsuHON CMepTHOCTU
y MaLueHToB € oCcTpbIM MIM, nofuepKuBas ee MOTeHL{Ma/ KaK IPOrHOCTUYECKOr0 MapKepa B JaHHOM MOMYJISALUU.

KiroueBble €/10Ba: 0/1r0CpOYHas CMEPTHOCTB; OCTPbIN MH(ApPKT MUOKap/ja; TPOTHO3; IIMPHHA PaCTIpe/ie/ieHrs 3PUTPOLIMTOB
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Clinical, laboratory and echocardiographic left atrial appendage
thrombus predictors in patients with atrial fibrillation

Liudmila V. Kalatsei ‘z, Aroosha Ibrahim, Chelsy E.S. Fernando

Grodno State Medical University, Grodno, Belarus
< lkolotsey@mail.ru

Abstract. Relevance. The most common and persistent arrhythmia today is atrial fibrillation (AF). Decrease in blood flow
velocity in the left atrium appendage (LAA), endothelial dysfunction and hemostatic system changes can cause the development of
left atrium appendage thrombosis (LAAT), which is the main source of thromboembolism in patients with AF. Numerous studies
have explored various clinical, echocardiographic, and laboratory parameters as potential predictors, however, the predictive power
of these parameters is still insufficient for real clinical practice. Aim of the study was to evaluate predictive ability of clinical,
laboratory and echocardiographic markers in diagnosis of LAAT in patients with non-valvular AF. Materials and methods. The
study included 100 patients with persistent non-valvular AF who were admitted for direct electrical cardioversion. All patients
underwent clinical, laboratory, and instrumental studies, including transthoracic and transesophageal echocardiography (TEE).
According to TEE results, patients were divided into 2 groups: patients with LAA thrombus «LAAT» (n=30) and without
LAA thrombus «Non LAAT» (n=70). Statistical analysis was performed using the STATISTICA 10.0 software. Results and
Discission. Patients in both groups were comparable in age, gender, prevalence of hypertension, coronary artery disease, obesity,
prior stroke, and diabetes mellitus (p>0.05). Patients with LAAT had a significantly longer duration period of persistent AF
(7 [4; 9] months vs 4 [3; 6] months, p = 0.004) in comparison with patients without LAAT. Laboratory markers of patients in
both groups had no significant differences except for eGFR (p = 0.047) and NT-proBNP level (p = 0.011). According to the
results of echocardiography, patients didn’t have differences in left atrial (LA) diameter and volume (p>0.05). However, LA
volume index was higher in patients with LAAT (p = 0.007). When conducting a one-way ROC analysis, the NT-proBNP level
of > 1689 pg/ml showed the largest area under the ROC-curve (0.747) as well as the highest specificity (92.6%). Duration
of persistent AF > 4.5 months showed the highest sensitivity (90%). Conclusion. Patients with LAAT had longer duration of
persistent AF, higher values of LA volume index, as well as higher NT-proBNP levels. Further use of these parameters could
help predict LAAT development in patients with AF.
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Introduction
The most common and persistent cardiac arrhythmia

today is atrial fibrillation (AF). According to European
and North American registries, AF occurs in 3% of cases
among adults aged 20 years and older [1]. According
to Russian statistics, the incidence of AF among people
from 35 to 70 years old is 0.75%, and significantly
increases with age [2].

The clinical and social significance of AF is
determined by the severity of its complications
and increased mortality [3]. In patients suffering
from AF, mortality is twice as high, and the
likelihood of acute cerebrovascular accident
increases six times compared to patients without
AF [3]. Therefore, in modern recommendations for
the management of these patients, anticoagulant
therapy takes first place.

However, decrease in blood flow velocity
in the left atrium appendage (LAA), endothelial
dysfunction and hemostatic system changes can
cause the development of left atrium appendage
thrombosis (LAAT) [4], which is the main source
of thromboembolism in patients with AF. A. Cresti
et al. showed that only 0.07% of atrial thrombi in
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non-valvular AF form outside the LAA [5]. Among
patients with ischemic stroke caused by AF, LAAT
can be detected in 75% [4].

According to several studies LAAT is present in up
to 2.7% of patients with AF despite guideline-directed
anticoagulation and 23% of patients with inadequate
anticoagulation [6, 7].

Identifying predictors of LAAT formation is
imperative for risk stratification, guiding therapeutic
decisions, and ultimately improving the outcomes [4-7].
Numerous studies have explored various clinical,
echocardiographic, and laboratory parameters as
potential predictors [6—12].

Among the clinical risk factors, the authors
determine coronary artery disease, heart failure, diabetes
[8], as well as high risk according to the CHADS?2 and
CHA2DS2-VASc scores [9].

Some publications have information about
a potentially significant role of increase in the NTproBNP
level >75 pg/ml [10], as well as a decrease in eGFR less
than 56 ml/min/173 m2 in LAAT formation [8].

Echocardiography remains a cornerstone in the
assessment of LAA function and thrombus formation.
Many studies have focused on the search for
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echocardiographic parameters that predict the risk of
LAAT, revealing that left atrium (L A) diameter, area
and LA index volume (LAVI) increase are associated
with thrombus formation [11, 12].

However, the predictive power of these
parameters alone is still insufficient for real clinical
practice. The development of complex models based
on clinical indicators, laboratory and instrumental
markers is currently of particular interest. The
simplicity and ease of use of these scales determine
the possibility of their use both on an outpatient basis
and in a hospital setting at any level in order to clarify
the indications for additional methods of research and
treatment, the use of which will optimize diagnostics,
forecasting capabilities and the choice of treatment
strategy for patients with AF.

The aim of our study was to identify clinical,
laboratory and echocardiographic markers associated
with LAAT in patients with non-valvular AF.

Materials and methods

The study included 100 patients with persistent
non-valvular AF who were admitted to the Grodno
State Cardiological Center for direct electrical
cardioversion.

The study was performed in accordance with Good
Clinical Practice standards and the principles of the
Declaration of Helsinki. Written informed consent was
obtained from all participants prior to inclusion in the
study.

Exclusion criteria from the study were: chronic
rheumatic heart disease, valvular pathology of the
heart requiring surgical correction, prosthetic heart
valves, recent acute myocardial infarction, coronary
artery bypass grafting, or coronary angioplasty
(less than 3 months before enrollment in the
study); left ventricular hypertrophy (Sokolov-Lyon
index > 35mm); oncological diseases and severe
concomitant extracardiac pathology.

All patients underwent clinical, laboratory,
and instrumental studies, including transthoracic
echocardiography (TTE) and transesophageal
echocardiography (TEE).
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TTE was performed on Phillips iE33 device with
a multi-frequency sensor (frequency 2.5-5.0 MHz).
The examination was performed with the patient lying
on his left side with his back to the researcher or on
his back. The study protocol included the following
indicators: diameter (mm) of the aorta, LA and right
atrium (RA) in 2-chamber and 4-chamber mode, I.A and
RA area (mmz2), volume (ml) and volume index (ml/m2),
end-systolic diameter and end-diastolic diameter (mm)
of the left ventricle (LV), left ventricular mass index
(LVMI) (g/m2), LVEF; assessment of the state of the
valvular apparatus of the heart, degree of regurgitation
on the valves.

TEE was performed using Phillips iE33 device
by an experienced echo cardiologist to assess for the
presence of LAAT. The LAA was imaged in multiple
views to identify thrombus.

According to TEE results, patients were divided
into 2 groups: patients with LAA thrombus «LAAT»
(n=30) and without LAA thrombus «Non LAAT»
(n=70). The CHADS,VASc and HAS-BLED scores
were calculated for each patient according to standard
definitions.

Statistical analysis was performed using
the STATISTICA 12.0 software package with
a preliminary check for normal distribution using
a distribution histogram. Quantitative data, the
distribution of which was not normal, were given as
a median, 25% and 75% quartiles. Since most of the
quantitative characteristics did not obey the normal
distribution law, non-parametric methods were used
for comparison. The Mann-Whitney test was used
to assess differences in quantitative traits between
two independent groups. At a significance level of
p less than 0.05, it was believed that the studied
indicator in the compared groups had statistically
significant differences. To compare the diagnostic
value of indicators that showed statistically significant
differences between groups, ROC curves of sensitivity
and specificity were constructed.

Results and discussion

Clinical characteristics of the patients are presented
in Table 1.
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Table 1
Clinical characteristics of patients
Parameters LAAT Non LAAT 0
(n=30) (n=70)
Male gender, n (%) 20 (66.7%) 42 (60%) 0.591
Age, years (MSD) 63.6[58;69] | 61.3[54; 68] 0.166
Body mass index, 32.0[27.9; 31.3[28.0; 0.599
kg/m2 35.6] 34.0]
Obesity, n (%) 16(53.3%) | 38 (54.3%) 0.901
Hypertension, n (%) 28 (93.3%) 62 (88.5%) 0.665
d(f;’;g::rﬁ ?[/:)ery 27 (90%) | 65 (92.8%) 0.870
Prior stroke, n (%) 1(3.3%) 2 (2.8%) 0.788
h“ﬂs{gf;r:i(il)i”fam“°“ 3 (10%) 2 (2.8%) 0.010
nD(‘f;geteS mellitus, 3(10% | 10(142%) | 0455
r':gﬁgteza:_'\‘ereF"’:t& ) 12 (40%) 5 (7.2%) <0.001

Note: LVEF — left ventricular ejection fraction.

Patients in both groups were comparable in age
(63.6 [58; 69] vs 61.3 [54; 68], p = 0.166) and gender
(male sex 66.7% vs 60%, p = 0.591). There were no
significant intergroup differences in the prevalence of
hypertension, coronary artery disease, obesity, prior
stroke, and diabetes mellitus (p>0.05). However,
patients with LAAT had a higher prevalence of
prior myocardial infarction (10% vs 2.8%, p = 0.01)
and heart failure with reduced EF (40% vs 7.2%,
p<0.001).

Patients with LAAT also had higher CHADS,VASc
scores (4 [3; 5] vs 3 [2; 4], p = 0.031), but their
HAS-BLED scores were comparable (1.1 [1; 2] vs
1.18 [1; 1.4], p = 0.720) (Fig. 1.).

Also, it is important to add that patients with LAAT
had a significantly longer duration period of persistent
AF (7 [4; 9] months vs 4 [3; 6] months, p = 0.004) in
comparison with patients without LAAT. All patients
included in the study had a sufficient period (more
than 3 weeks) of direct oral anticoagulation prior to
hospital admission.

Laboratory parameters of the patients are presented
in Table 2.
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Fig.1. CHADS,VASc and HAS-BLED scores of patients

Table 2
Laboratory parameters of patients (Me [25%;75%])
Parameters LAAT (n=30) Non LAAT (n =70) p

Urea, mmol/L 7.5[5.9; 8.1] 6.4[5.1,7.4] 0.068
Creatinine, 101.4[78.7; .
umol/L 119.7] 91.7[80.2; 101.3] 0.173
eGFR, . .
ml/min/1.73m? 71.2 [54; 84] 90.0 [64; 103] 0.043
Cholesterol, 4.11[3.2;4.8] 4.5[3.5,5.3] 0.162
mmol/L
Glucose, . .
mmol/L 6.3[5.9; 6.8] 6.9[5.5;7.3] 0.891
Sodium, mEq/L 140 [137; 143] 139 [137;142] 0.625
Potassium, . .
mEq/L 4.5[4.3;4.9] 45[4.2;4.8] 0.915
APTT, seconds 33.3[28.4;36.4] 34.7[27.9;36.6] 0.702
Fibrinogen, g/L 3.15[2.58;3.71] 3.41[2.4; 4.0] 0.929
D-dimer, ng/mL 301 [190; 405] 303 [190; 321] 0.602
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End of the table 2
Parameters LAAT (n =30) Non LAAT (n =70)

INR (for
patients taking 1.16[1.02; 1.19] 1.12[1.03; 1.14] 0.876
rivaroxaban)
INR (for patients | =, g1, ¢. 5 5] 32[27;37] | 0.440
taking warfarin)
NT-proBNF 2076 [930; 2568] | 1249 [602;1595] | 0.011
pg/mL

Note: eGFR — estimated glomerular filtration rate; APPT —
activated partial thromboplastin time; N-terminal pro—B-type
natriuretic peptide.

Laboratory markers of patients in both groups had
no significant differences except for eGFR (p = 0.047)
and NT-proBNP level (p = 0.011). Hemostatic screening
tests such as prothrombin time, activated partial
thromboplastin time, and fibrinogen levels did not show
statistically significant intergroup differences.

Patients with LAAT more often used warfarin for
anticoagulation (26.6% vs 4.3%, p = 0.003). However,
there were no significant intergroup differences in INR
values in these groups of patients (p = 0.44). The target
level of INR (2.0—3.0) was reached in 75% of patients
with LAAT and in 100% of patients without LAAT.

The values of echocardiographic parameters
recorded in patients of both groups are presented in
Table 3.

According to the results of TTE, patients didn’t have
significant differences in left atrial diameter (p = 0.060)
and left atrial volume (p = 0.056). However, LAVI was
higher in patients with LAAT (p = 0.007) as well as
LA area (p = 0.004). Moreover, patients with LAAT

had lower left ventricular ejection fraction (LVEF)
(p = 0.019) and higher RA diameter (p = 0.019) and
area (p = 0.007).

Table 3

Echocardiographic parameters of patients (Me [25%;75%])

Parameter LAAT (n=30) l\l((r)1n=I_7Aa,;AT P
LA diameter, mm 46.8 [43; 50] 44.2 [41; 46] 0.060
LA area, mm2 30.1[27; 33] 27.2 [24; 30] 0.004
LA volume, ml 74.6 [61; 85] 63.8 [52; 72] 0.066
LAVI, ml/m2 37.6[31; 42] 30 [24; 36] 0.007
RA diameter, mm 43.1[41; 45] 41.1 [39; 44] 0.019
RA area, mm2 26.7 [23; 30] 23.8[21; 27] 0.007
LV ESD, mm 41.6 [33; 45] 36.1[32; 40] 0.030
LV EDD, mm 54.8[51; 58] 52 [48; 56] 0.220
LVEF% 49.2 [44; 60] 57.4[55; 62] 0.019
LVMI, g/m2 147.4[119;164] | 121.3[99; 136] 0.003

Note: LA — left atrium; LAVI — left atrial volume index; RA —right
atrium; LV — left ventricle; ESD — end-systolic diameter; EDD —
end-diastolic diameter; LVEF — left ventricular ejection fraction;
LVMI — left ventricular mass index.

It is interesting to say that patients didn’t have
differences in values of end-diastolic diameter of the
left ventricle (p = 0.22), but patients in the LAAT group
had significantly higher end-systolic diameter of the left
ventricle (p = 0.03) and LVMI (p = 0.003).

When conducting a one-way ROC analysis, threshold
values of clinical, laboratory and echocardiographic
parameters associated with the development of LAAT
were identified (Table 4).

Table 4
Results of one-way ROC analysis
Parameter Thresholdvalue AUC Cl95% Se,% Sp,% p
r:gmg” of persistent AF, 45 0.682 0.563—0.802 90.0 38.6 0.019
NT-proBNP, pg/ml 1689 0.747 0.568—0.926 63.6 92.6 0.032
LA area, mm2 27.9 0.682 0.563—0.802 73.3 62.8 0.019
LAVI, ml/m2 30.0 0.680 0.561—0.800 76.7 52.8 0.020
RA diameter, mm 41 0.649 0.526—0.771 83.3 41.2 0.047
RA area, mm2 29.9 0.670 0.552—0.792 36.7 91.4 0.025
LVEF, % 51 0.701 0.584—0.819 53.3 85.7 0.011
LVMI, g/m2 135.8 0.687 0.568—0.806 56.7 74.3 0.016

Note: AUC — area under the curve; Cl — confidence interval, Se — sensitivity; Sp — specificity.
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The NT-proBNP level of more than 1689 pg/ml
showed the largest area under the ROC-curve(0.747)
as well as the highest specificity (92.6%).
Duration of persistent AF > 4.5 months showed
the highest sensitivity (90%), however, the
lowest specificity. Among the echocardiographic
parameters LVEF <51% demonstrated the largest
area under the ROC-curve (0.701), as well as pretty
high specificity (85.7%).

In patients with persistent AF both systolic and
diastolic LV functions are impaired significantly [11,
12]. NT-proBNP is an endogenous biomarker, which
is secreted primarily by ventricular as well as atrial
myocardial cells in response to the overload of volume
and pressure in the heart chamber and can be produced
by atria and ventricles during AF. G. Yu et al. reported
that elevated plasma NT-proBNP levels and LV filling
pressure can be associated with high thromboemblic
risk in patients with AF [13]. In that study plasma NT-
proBNP levels were significantly correlated with LAA
emptying flow velocity (r = —0.492, p<0.001) and
LAVI (r = 0.405, p<0.001) [13]. D.V. Chien et al. have
found that in patients with LVEF > 50%, the cutoff
value of NT-proBNP to predict LAAT was 1325 pg/mL
(AUC—0.57; Se— 57%, Sp — 78%) [14]. Multiple
logistic regression analysis in that study showed that
prior stroke, E/e’ index, and NT-proBNP correlated
with LAAT (r = 0.887; p< 0.001; r = -0.092, p=0.035
and 0.022; p = 0.004, respectively) [14]. The above-
mentioned results are in accordance with our findings,
but the cut-off value of NT-proBNP in Belarusian
population was higher (1689 pg/ml than in Vietnamese).

H. Okuyama et al. identified fibrin monomer as an
independent predictor of LAAT (OR 2.9; 95% CI 1.1-
4.8; p = 0.02) [15]. H. Wan et al. performed a meta-
analysis of 21 studies assessing the relationship between
D-dimer levels and LAA thrombosis. The analysis
showed moderate sensitivity (0.75 [95% CI: 0.65-0.83])
and specificity (0.81 [95% CI: 0.59-0.93]) of D dimer
level for diagnosing I.A A thrombosis [16]. However, in
our study there were no significant associations between
D-dimer level and LAAT formation.

Several studies have investigated echocardiographic
parameters as predictors of LAAT formation [11,
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12, 17-19]. For instance, a study by D. Fatkin et al.
revealed that spontaneous echo contrast was identified
as the cardiac factor most significantly linked with
formation of thrombus and embolism in the LAA [17].
Similarly, Y. Agmon et al. highlight the significance
of utilizing echocardiography in identifying patients
at increased risk of LAAT formation [18]. Their study
demonstrates how TEE assists in the comprehensive
assessment of the appendage’s structure and function,
utilizing imaging in two dimensions and Doppler
assessment of appendage flow. Furthermore, as cited
by Y. Liu et al., an enlarged LA (anteroposterior
diameter >49.5 mm) and non-paroxysmal AF are
identified as an independent risk factor for LAAT
formation in individuals diagnosed with non-valvular
AF [19]. In our study LVEF < 51% demonstrated
the largest area under the ROC-curve and specificity
among all the studied parameters, but there were
significant intergroup differences in LAVI and LA
area, which is also in accordance with above mentioned
studies.

With the advent of new modern ultrasound
diagnostic methods, new predictors of LAAT are
emerging. Thus, K. Kupczynska et al. studied the
relationship between LAAT and echocardiographic
parameters: a retrospective study included 87 patients
with AF, and a multivariable model showed that LVEF
(OR 0.94; 95% CI 0.91-0.98), longitudinal systolic LA
strain (OR 0.89; 95% CI 0.82—0.98), early diastolic
(OR 5.3; 95% CI 1.5-18.3) and systolic LA strain
rates (OR 0.14; 95%CI 0.02—-0.96) were independently
associated with the presence of LAAT [12].

The role of LV remodeling in thrombus formation
in non-valvular AF has been less studied. H. Kishima
et al. studied 230 patients with AF taking warfarin and
found that LV hypertrophy (OR 5.59; 95% CI 1.6-19.3;
p = 0.006) was independently associated with LAA
thrombosis [20]. Also A.C. Boyd et al. found out
that LVMI is able to predict the presence of LAAT
in patients with persistent AF. In multiple logistic
regression analysis, the only independent predictor of
thrombus was LVMI (p<0.001) [21]. In our study LMVI
also demonstrated pretty high specificity (74.3%) for
identifying patients with LAAT.
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Conclusion

Patients with LAAT had higher values of left atrial
and right atrial diameters and indices, as well as lower
LVEF and higher NT-proBNP levels. The NT-proBNP
level of more than 1689 pg/ml showed the largest area
under the ROC-curve (0.747) as well as the highest
specificity (92.6%). Further use of these parameters could
help predict LAAT development in patients with persistent
non-valvular AF and will optimize the algorithm for
selecting and preparing patients with AF for planned
cardioversion and reduce the risk of thromboembolic
complications, especially when TEE is not available.
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KnuHuko-na6bopatopHble U 3xokapauorpadpuyeckue npegukTopbl
Tpom603a yLIuKa N1eBoro npeacepauvs y naumeHTos ¢ pubpunnsauyuen
npeacepaun

JI.B. KoJ/ioneii X A. Nopaxum, Y.3.C. ®epHanjo

I'popHEeHCKNI roCyAapCTBeHHBIM MeAWLIMHCKUM YHUBepcUTeT, 2. I podHo, beaapycb
DX Ikolotsey@mail.ru

AnHoTanusa. AkmyanbHocmb. Hanbosee pacnipocTpaHeHHOM apuTMUel Ha CerofiHSIIIHUM ZieHb SIBAsieTCsT (GuOpUsIsys
nipegcepauii (PIT). CHKeHMe CKOPOCTH KPOBOTOKA B YIlIKe jieBoro nipefcepaus (JIIT), sHpoTenuanbHas AUCYHKIMA U U3Me-
HEeHUs1 B CUCTeMe IeMOCTa3a MOTYT CTaTh MPUUMHOM pa3BUTHs TpOMO03a yika JITT, KoTOpbIii SIB/ISIeTCS] OCHOBHBIM MCTOYHUKOM
TpoM603M60MK y naryieHToB ¢ PI1. B MHOrOUMC/IeHHBIX UCCIeI0BaHUSIX pa3/IMuHble KJIMHUYeCKUe, 3X0KapAuorpaduuecKie
1 1aboparopHbIe MapamMeTphbl paCCMaTPUBAJIUCh KaK MOTeHIMa/IbHbIe MPeAUKTOPbI, OHAKO MPOrHOCTUYECKAast CUJTa ITUX
TapaMeTpOB BCe ellle HefloCTaTOuHa /i/1s1 peaabHON KIMHWYeCKO! NpakTUKU. Llesb uccieoBaHUsSI — OLIeHUTh NIPOTHOCTUUe-
CKYI0 CrIOCOOHOCTBb KJIMHUYEeCKUX, 1ab0pPaTOPHBIX U 3XOKapAuorpaguueckux MapkepoB B JUarHOCTHKe Tpombo3a yika JITT
y HaLyeHToB ¢ HeknanaHHoit ®I1. Mamepuaabl u Memoosbl. B uccnenoBanve BkatoueHb! 100 maijueHTOB C epCUCTUPYIOLLeit
HeksaniaHHOUW ®I1, rocnyuTan3upoOBaHHBIX [J1s IPOBE/IeHNs 3/IeKTpUUeCcKoil KapuoBepcud. BceM narjyieHTaM IpOBOAWINCH
KJIMHUKO-/1a00paTopHble ¥ MHCTPYMEHTAa/IbHbIEe UCCIeI0BaHMsI, BK/IIOUAsi TPAHCTOPAKA/IbHYIO U UPEeCTUIIEBOAHYO 3X0Kap/Ho-
rpaduto (UIT-3xoKT'). [To pe3ynabraram YIT-OxoKI' narpieHTs! ObUTH pa3zieneHbl Ha 2 TPYMITbL: MAljMeHTh ¢ TpoMOoM yiuka JITT
(n = 30) u 6e3 Tpomba yika JIIT (n = 70). CTaTrcTHUeCKUi aHaINM3 TIPOBOJW/IN C UCTIoNb30BaHKueM rporpamMmbl STATISTICA
10.0. Pe3ynbrathl 1 06cyxaeHue. [1areHTbI 00enx TPy ObUIA COTIOCTAaBUMBI 110 BO3PACTY, MOy, PaclipOCTPAHEHHOCTH
apTepuasbHOMN TUIMePTeH31H, UIlleMUUeCKoN 00e3HH cep/ilia, OXKUPEHMs], TepeHeCeHHOT0 WHCY/IbTa U CaXapHOro Juabera
(p>0,05). Y nauuyenTos c Tpomb030M yiika JIT1 BeisiBrieHa 6o/bliiast [yTMTeTBHOCTD 31M30/a nepcuctrpyromeit OI1 (7 [4; 9]
Mec npoTuB 4 [3; 6] mec, p = 0,004) o cpaBHeHHIO ¢ naeHTamMu 6e3 Tpombo3a yiika JII1. JTabopaTopHble MapKephbI Mary-
€HTOB 00erX IPyII He UMeJIH JJ0CTOBEepPHBIX pa3nuuuii, 3a uckaoueHneM CK® (p = 0,047) u yposust NT-proBNP (p = 0,011).
[To pesynbratam 3xoKapauorpaduy y naueHToB He Ob10 pas3nuuuii B suameTpe U oobeme JIIT (p > 0,05), ofHAKO UH/IEKC
o6bema JIIT Ob11 BhIllle y nariueHToB ¢ TpomboM yiuka JIIT (p = 0,007). I1pu npoegenunt ROC-aHanu3a ypoBeHb NT-proBNP
> 1689 nir/mn noka3asn Haubosnblyto rowaas nog ROC-kpuBoii (0,747), a TakKe caMyto BBICOKYHO CriefupuuHOCTSD (92,6%).
HOnurenbHOCTh TIepcucTupytolneid I > 4,5 Mec nmokasasna HaubosbIIy0 YyBCTBUTENBHOCTD (90%). Bbi8odsb!. T1ariueHTsl
¢ TpomM6boMm yika JITT umenu 6onbly0 ATUTeNBHOCTE NepercTrpytoieii PI1, Gomee BLICOKMe 3HaUeHUs MHJeKca o0bema JITT,
a taxxe 6onee Boicokue ypoBHU NT-proBNP. [lanbHeliliee NCob30BaHKUE 3TUX MTapaMeTPOB MOYKET TIOMOUb ITPOrHO3UPOBAaTh
pa3ButHe TpoMbo3a yimka JII1 y marpeHToB ¢ ®I1.

KiroueBsble cioBa: GuOpuIsLus npeacepanii, TpoMO yIlKa JIeBOTo MpejcepAvsi, SXoKapAuorpadus, UHAeKC oobeMa
seBoro nipeacepgusi, NT-proBNP

HNudopmanys o puHaHCHPOBaHUM. ABTODHI 3asB/ISIOT 00 OTCYTCTBUY BHEIIHEr0 (GMHAHCHPOBAHUSL.

Bxkiag aBTopos. J1.B. Kostolieli — KOHIIEMIUA U AnU3aiiH uccienosanus, A. Viopaxum, U.3.C. ®epHanzo — cbop v o6paboTka
Matepuasna, JI.B. Konolieii — craructuueckas 0opabotka, JI.B. Konoreii, A. M6paxum, U.D.C. ®epHaHI0 — HaIMCaHUe
TekcTa, JI.B. Kosnoneli — pefjakTipoBaHue. Bce aBTOpBI BHEC/IH CyIleCTBEHHBIN BK/Ia/l B pa3paboTKy KOHLIEMIIVH, TIPOBe/IeHHe
WCCIIeJOBaHMs U TIOATOTOBKY CTaThH, TIPOYIN U 0Z00pUIM (DMHATBbHYIO BEPCHIO Tiepe] ImyOMKarped.
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Respiratory therapy with positive expiratory pressure
in patients after left ventricle geometric reconstruction
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*mazatenko@bakulev.ru

Abstract. Relevance. The respiratory system of patients with post-infarction left ventricle aneurysm and chronic heart
failure is often characterized by decreased external respiratory function and the development of respiratory complications in the
early postoperative period. Positive expiratory pressure therapy (PEP-therapy) is considered an effective method of respiratory
rehabilitation after cardiac surgery. However, there is currently no data on the application of this technique in patients after LVGR
(left ventricle geometric reconstruction). The aim: to study the functional state of the respiratory system in patients after LVGR
in the early postoperative period using PEP-therapy. Materials and Methods. 57 patients after LVGR surgery were examined.
Two groups of patients were identified: group I — patients undergoing PEP-therapy (n=27), and group II — patients undergoing
standard respiratory gymnastics (n=230, control group). The study included 3 stages: I Stage — before surgery; II Stage — 2—3 days
after surgery; III Stage — 1012 days after surgery. Results and Discussion. At the preoperative stage, cardiorespiratory system
disorders were found in groups I and II (FVC: 89.2% and 87.3%; EDV: 174.2 ml and 179.9 ml, respectively), as well as the
risk of developing sleep-disordered breathing (Oxygen desaturation index [ODI]: 7.1 and 6.7, respectively). On the second
day after surgery, a significant decrease in all spirometry indicators was observed in both groups, with the ODI in groups I and
IT increasing by 2.9 (p<0.001) and 3.1 (p < 0.001) times, respectively. Chest CT revealed atelectasis in various parts of the
lungs in 100% of the examined patients. Upon discharge from the hospital, group I after PEP-therapy showed better recovery
of respiratory parameters compared to the control group (FEV : 22.1% vs 9.4%; PEF: 58.1% vs 19.5%, respectively). The ODI
in group I returned to baseline values, and the number of patients with atelectasis decreased by 1.6 times. In group II, the ODI
remained increased by 57.2%, and CT results remained unchanged. Conclusions: The use of PEP-therapy in the early period after
LVGR surgery allows not only to reduce the number and volume of atelectasis but also to more effectively restore respiratory
parameters and pulmonary gas exchange compared to the course of standard respiratory gymnastics.
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Introduction

The functional state of the respiratory system in
patients with coronary heart disease accompanied
by chronic heart failure (CHF) is often characterized
by impaired physiological mechanisms of the upper
respiratory tract, manifesting as deterioration of
the lungs’ eliminative function, reduced external
respiratory function indicators, and decreased gas
exchange [1]. The severity of these dysfunctions
may increase with the progression of heart failure,
especially after cardiac surgical interventions [2]. It
is necessary to emphasize the importance of patients’
preoperative condition (degree of obesity, presence
of harmful habits, comorbidities), as it significantly
affects the state of the respiratory system and the speed
of its recovery after cardiac surgery.

It should be noted that the number of comorbid
patients with cardiovascular and respiratory
pathologies [3], such as COPD [4], is growing each year,
as well as the association with sleep apnea syndrome
of both central and obstructive nature [5].

CARDIOLOGY

The decrease in physiological indicators of
pulmonary ventilation in patients with CHF significantly
increases the risks of postoperative complications in
the early period, prolongs their hospital stay, which
is a predictor of high mortality in this category of
patients [6, 7].

One of the most common bronchopulmonary
complications after cardiac surgery is atelectasis.
The average frequency of this complication is more
than 50% [8, 9]respiratory complications remain
a leading cause of postcardiac surgical morbidity and
can prolong hospital stays and increase costs. The high
incidence of pulmonary complications is in part due
to the disruption of normal ventilatory function that is
inherent to surgery in the thoracic region. Furthermore,
patients undergoing such surgery often have underlying
illnesses such as intrinsic lung disease (e.g., chronic
obstructive pulmonary disease. Among the main causes of
atelectasis are the use of mechanical ventilation combined
with prolonged cardiopulmonary bypass during cardiac
surgical interventions, which can lead not only to the
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development of interstitial and alveolar edema but also
to the appearance of atelectasis zones [10], due to the
development of systemic inflammation, damage to
surfactants and disruption of their production [11].

The development of atelectasis reduces the
ventilation-perfusion ratio, worsens lung tissue
elasticity [12], and often provokes the development
of infectious processes in various parts of the lungs.
This situation is especially relevant for patients after
LVGR due to the complexity and duration of the surgical
intervention [13].

There are various methods of respiratory
rehabilitation for patients after cardiac surgery, aimed
at restoring chest excursion after sternotomy, improving
gas exchange, restoring mucociliary clearance, and
expanding collapsed alveolar areas. Typically, to
improve ventilation of various lung regions and facilitate
sputum expectoration after cardiac surgery, conventional
respiratory gymnastics consisting of static and dynamic
exercises is used.

Among the most promising and effective methods
of respiratory training in this group of patients,
especially those with bronchopulmonary pathology,
positive expiratory pressure therapy (PEP-therapy) can
be highlighted [14, 15].

By creating moderate positive pressure in the
airways, «air traps» are eliminated and collateral
bronchial ventilation is improved, which allows
effective recruitment of atelectatic alveoli and
restoration of gas exchange. Moreover, some devices
for PEP-therapy, such as EzPAP, allow maintaining
positive inspiratory pressure in the airways, which
prevents their collapse during inhalation [16, 17] and
increases the effectiveness of respiratory training. The
device is equipped with a high-flow oxygen connection
and can be used for patients with gas exchange
disorders who require constant oxygen therapy. The
special design of the apparatus accelerates inspiratory
flows, resulting in the patient taking a deeper breath,
which improves lung tissue elasticity and restores
lung vital capacity.

Currently, there is very little research in domestic
and foreign literature concerning the analysis of the
effectiveness of various respiratory rehabilitation
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methods in patients after the left ventricle geometric
reconstruction (LVGR). There is also a lack of data
on the application of PEP-therapy methods and their
impact on the functional state of the respiratory system
in this group of patients.

In this regard, the aim of this study is to investigate
the effect of respiratory training with positive expiratory
pressure on the functional state of the respiratory system
in patients after LVGR.

Materials and methods

A prospective study was conducted at the
A.N. Bakulev National Medical Research Center for
Cardiovascular Surgery and approved by the local ethics
committee (protocol No. 5 dated 07.10.2023). The study
involved 57 patients who underwent planned the left
ventricle geometric reconstruction surgery. The average
age of patients was 60 + 8 years (50 men and 7 women).
All patients signed informed consent to participate in
the study.

Inclusion criteria for patients in the study were:
1) left ventricle geometric reconstruction surgery;
2) absence of chronic respiratory diseases in the medical
history; 3) age not younger than 18 years; 4) patient’s
willingness to follow the study protocol.

Exclusion criteria were: 1) pneumothorax in the
early postoperative period; 2) postoperative acute heart
failure; 3) acute cerebrovascular accident; 4) severe
cognitive impairment.

Two methods of respiratory rehabilitation were
used to restore respiratory function in patients in the
early postoperative period: 1) PEP-therapy using the
EzPAP device (Smiths Medical (Portex) UK) and
2) conventional (standard) respiratory gymnastics.

Depending on the rehabilitation method, two
groups of patients were identified: group I — patients
undergoing PEP-therapy (n = 27), and group II —
patients undergoing standard respiratory gymnastics
(n=230, control group). Patients in the first group
received PEP-therapy using the EzZPAP device 5 times
a day for 7—10 minutes in a sitting position, 30 minutes
before or 1 hour after meals. The ratio of inhalation to
exhalation was 1:2 or 1:3. The expiratory pressure was
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controlled using a manometer and should not exceed
10-20 cm H,O.

Patients in the second group trained in the same
regimen throughout the day. Static and dynamic
breathing exercises were applied.

The study consisted of three stages: I Stage —
before surgery; II Stage — 2—-3 days after surgery;
IIT Stage — 10—12 days after surgery (discharge from
the hospital).

The indicators of the following research methods were
studied: 1) spirometry; 2) echocardiography; 3) computed
tomography and radiography; 4) tissue and pulmonary gas
exchange indicators were calculated (PaO,/FiO,, CaO,,
Qs/Qt, DO,, VO,, REO, and P(A-a)O,); 5) 24-hour pulse
oximetry; 6) integral rheography (IRG).

Spirometry was conducted according to the
methodological recommendations of the Russian
Respiratory Society [18] using the SMP-21/01-»R-D»
device (Russia). The following indicators were studied:
FVC, FEV,, FEV /FVC, FEV,, FEV,, MVV, FEF,, FEF_,
FEF , FEF,. .. and PEF. Measurement results were
expressed as percentages of calculated expected values.

Echocardiographic examination was performed in
accordance with the recommendations of the American
Society of Echocardiography [19] using a Philips HD15
device (Philips, Netherlands). The main indicators of
LV function were studied: EF, EDV, ESV, EDD, ESD,
SV and the presence of LV hypokinesis zones.

24-hour pulse oximetry was performed using the
MD300W device (ChoiceMMed, China) and evaluated
minimum SpO,, maximum SpO,, average SpO, and
oxygen desaturation index (ODI).

Using integral rheography («Diamant-R» (Diamant,
Russia)), the volume of total (TBW) and extracellular
fluid (ECW) was determined.

The surgery was performed under general
anesthesia with cardiopulmonary bypass and mechanical
ventilation. Body temperature was maintained at normal
or moderately hypothermic levels. Cardioplegic solution
was used for myocardial protection.

Statistical analysis was performed using
Stattech 4.1.2 and SPSS 26.0 software. The Shapiro-
Wilk test was used to assess the normality of distribution.
For normally distributed data, mean values (M),
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standard deviations (SD), and 95% confidence interval
(95% CI) were calculated. For non-normally distributed
data, median values (Me), upper and lower quartiles
(Q1-Q3) were calculated. When comparing two groups
on a quantitative indicator with normal distribution,
Student’s t-test was used, and in the absence of
normal distribution, the Mann-Whitney U-test was
used. McNemar’s test was used to compare binary
indicators of two related samples. One-way repeated
measures ANOVA was used to analyze quantitative
data of three or more related sets. The significance of
changes was assessed using Pillai’s trace. Differences
were considered statistically significant at p<0.05.

Results and discussion

A comparative analysis of clinical and demographic
characteristics between the two groups did not reveal
any statistically significant differences (p>0.05)
(Table 1).

Table 1
Clinical and demographic characteristics of patients
Indicators Group I(n =27) | Group li(n = 30) P
Demographic indicators
Age, full years 58+9 62+8 0.082
Height, cm 174+ 5 172+7 0.270
Body weight, kg 87+12 83+15 0.303
Body mass index, kg/m? 29+4 28+4 0.966
Female, abs. (%) 3(11.1) 4(13.3) 1000
Male, abs. (%) 24 (88.9) 25 (83.3)
Smoking, abs. (%) 12 (44.4) 18 (60.0) 0.240
Concomitant diseases
COVID-19, abs. (%) 15 (55.6) 14 (46.7) 0.503
Diabetes mellitus 6(22.2) 6 (20.0) 1.000
Hypertension 18 (66.7) 20 (66.7) 1.000
Acu_te cerebrovascular 0(0.0) 2(6.7) 0492
accident
Surgical characteristics of patients
E(L)Jlrjerltion of operation, 6+1 6+ 2 0285
Duration of
cardiopulmonary 116 + 45 126 + 57 0.503
bypass, min
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End of the table 1

Indicators Group I(n=27) | Group II(n =30) P
Aortic compression 73 +33 63+ 29 0.235
time, min
Number of shunts 241 241 0.820
applied
Duration of stay in the 354+ 10 39425 0.554
ICU, hour
Duration of ventilation
in the ICU, hour 205 24 +20 0.321

Analysis of preoperative computed tomography (CT)
results showed the presence of post-inflammatory

phenomena (pneumofibrosis) in 18 patients in groups
I and II (66.7% and 60% respectively). Additionally, in
group II, two patients were found to have post-COVID
changes in lung parenchyma of the «ground glass» type.
However, these differences between groups were not
statistically significant (p>0.05).

Analysis of spirometry data conducted before
surgery revealed a decrease in both volume and flow
respiratory parameters of the lungs in both groups. No
statistically significant intergroup differences were found
(p>0.05). The spirometry data are presented in Table 2.

Table 2
Spirometry results at the preoperative stage in groups | and Il

Indicators Group | Group Il P
FVC,% 89.2 £ 8.4[85.9—92.6] 87.3 +7.3[84.6—90.1] 0.367
FEV,.% 90.6 + 10.3 [86.5—94.7] 88.0+ 13.8[82.8—93.2] 0.429
FEV,/FVC 101.7 + 5.3[99.5—103.8] 98.9 +8.9[95.5—-102.2] 0.164
FEV,% 88.5+9.4[84.8—92.3] 88.1+12.0[83.6—92.6] 0.883
FEV,.% 89.9 + 11.5[85.3—94.4] 89.4 + 15.1 [83.7—95.0] 0.897
PEF% 90.7 + 8.5[87.3—94.0] 88.8+21.1[80.9—96.7] 0.667
FEF,,% 83.4+13.1[78.2—88.6] 80.8 +20.4 [73.2—88.4] 0.578
FEF,,% 80.7 £ 13.2[75.5—86.0] 78.9 +13.4[73.8—83.9] 0.604
FEF_,% 75.5+18.2[68.3—82.7] 71.4£19.7 [64.0—78.8] 0.419
FEF,,_,.% 81.7 +14.9[75.8—87.7] 77.2 +20.9[69.3—85.0] 0.349
ELA,% 107.1+19.5[99.3—114.8] 110.8 £20.7 [103.0—118.5] 0.492
MVV,% 85.9 + 11.4[81.4—90.5] 85.3 +13.8[80.1—90.4] 0.849
FEV,/FEV,% 99.5+7.5[96.5—102.5] 96.8 + 9.7 [93.0—100.6] 0.259

Preoperative echocardiography showed an increase
in the left ventricle (LV) volume parameters and
a decrease in myocardial contractility in both groups.
The LV ejection fraction was 42.8 + 6.4% in group I and
44.9 + 4.7% in group II, without statistically significant
differences between the groups (p=0.170). At the same
time, the EDV and ESV indicators were noticeably
higher than normal values and were as follows: for
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EDV: 174.2 + 19.1 ml—group I and 179.9 + 35.0 ml—
group II; for ESV: 102.1 £ 16.4 ml and 103.0 + 28.1 ml,
respectively. The p-values for intergroup differences in
these indicators did not reach statistical significance
(p=0.459 and p=0.892, respectively).

Analysis of 24-hour pulse oximetry data before
surgery revealed a decrease in the average level of
arterial blood oxygenation in both groups relative

KAPOMOJIOT A



Mamalyga ML et al. RUDN Journal of Medicine. 2025;29(2)

to normal values. In group I, the mean oxygenation
value was 91.2 + 2.1%, and in group I1—92.5 + 3.4%.
The oxygen desaturation index (ODI) value in group
I'was 7.1 £ 0.6, and in group II—6.7 + 0.9. Intergroup
differences were not statistically significant (p>0.05).

On the second day after surgery, both groups
showed a statistically significant decrease in both
flow and volume spirometry parameters. In group I,

c)

FVC, FEV,, and MVV decreased by 26.6% (p <0.001),
33.2% (p<0.001), and 36% (p<0.001) respectively.
The decrease in group II was comparable and amounted
to 31.4% (p<0.001), 35.2% (p<0.001), and 37.7%
(p<0.001) respectively (Figure 1). The dynamics of
FEV, and FEV indicators corresponded to this trend,
their decrease also amounted to more than 30% from
baseline values (p <0.05).

d)

Fig. 1 (a—d). Dynamics of volume spirometry indicators in patients of groups | and Il at all stages of the study

Note: [1— group [; L]- group Il. * — presence of interstage differences (* —p < 0.05; ** —p < 0.01; *** — p < 0.001); # — presence of

intergroup differences.

Peak expiratory flow (PEF), as well as flow
indicators reflecting the conductance of various parts
of the airways (FEF,, FEF, , FEF , and FEF,. )
decreased by more than 30% from baseline values
(p<0.05), with PEF, in group I, decreasing by 44.6%
from the preoperative level (p=0.001) (Figure 2).

As the change in spirometric indicators on the
second day after surgery was symmetrical in both
groups, no statistically significant intergroup differences
were found (p>0.05).

Echocardiography data obtained by the Simpson
method at the second stage of the study were

CARDIOLOGY

characterized by a significant decrease in LV volume
parameters. EDV in groups I and II decreased by 26.2%
(p<0.001) and 27.7% (p <0.001) respectively; ESV
decreased by 28.7% (p<0.001) and 27.6% (p<0.001),
and stroke volume by 23.9% and 30% (p <0.001)
respectively. Data by Teichholz method indicate
a decrease in EDD in groups I and I1 by 9.7% (p<0.001)
and 7.7% (p<0.001), and ESD by 10.2% (p<0.001) and
6.8% (p<0.001) respectively. No statistically significant
intergroup differences were found (p>0.05).
Analysis of 24-hour pulse oximetry results on
the second day after surgery revealed an increase
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in sleep-disordered breathing (SDB) in patients of
both groups. In groups I and II, ODI increased by
2.9 (p<0.001) and 3.1 (p<0.001) times respectively.
The mean oxygenation value in groups I and II was
86 + 4.5% and 87 + 2.8% respectively. No intergroup
differences were found (p>0.05).

Analysis of pulmonary and tissue gas exchange
data in patients of both groups on the second day after
surgery revealed a significant deviation of the main
integral indicators relative to reference values. The
normal value of the PaO,/FiO, oxygenation index is
about 500 while the mean values in groups I and II
were lower by 28.6% and 35.2% respectively (Table 3).

Gas exchange rates in patients of groups | and Il on the second day after surgery rable 3
Indicators Group | Group Il P
Index Pa0,/Fi0, 357 £ 91[321—-394] 324 + 66[299—349] 0.115
Ca0,,ml/I 148 + 16[141—154] 149 + 19[142—-156] 0.841
P(A-a)Oz,mmHg 147 + 59[124—170] 159 + 36[145—172] 0.378
Qs/Qt,% 16 +7[13—-18] 15+ 3[14—16] 0.574
Index DO,, ml/kg/m? 403 + 129[352—454] 427 +148[372—482] 0.530
VO, index, ml/kg/m? 97 +40[81—113] 108 + 37[94—122] 0.307
REO,,% 23 + 8[20—27] 26 + 6[24—29] 0.142

When assessing the volumes of total body water
(TBW) and extracellular water (ECW) at the second
stage of the study, an increase in both indicators was
found in the first and second groups by 25.3% and
26.7% (p=0.011; p=0.002), and by 35.1% and 34.3%
(p<0.001; p<0.001) respectively.

At the second stage of the study, all patients
underwent chest X-ray. Additionally, 14 patients from
group I and 15 from group II (29 patients in total)
underwent additional chest CT. CT data of patients from
both groups indicate the appearance of inflammatory and
congestive changes, such as «ground glass» opacities,
hydrothorax, mosaic perfusion, hypoventilation, etc.
Computed tomography revealed bilateral and unilateral
atelectasis of various parts of the lungs in 100% of the
examined patients. According to X-ray data, atelectasis
was detected in only 3 out of 29 examined patients. CT
data of patients are presented in Table 4.

Analysis of spirometry data conducted before
discharge from the hospital on the 10—12th day
(Stage III) showed statistically significant positive
dynamics of most respiratory indicators in both groups.
However, the restoration of respiratory function was
more pronounced in patients who underwent PEP-
therapy (group I) than in the control group (group II).
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Statistically significant intergroup differences were
found in the dynamics of not only volume parameters
(FEV,: 22.1% vs 9.4% [p=0.001]; FEV,: 17.6% vs
9.7% [p=0.015]; MV'V: 24.9% vs 8.4% [p=0.003]
respectively) (Figure 1), but also flow parameters
of spirometry (PEF: 58.1% vs 19.5% [p=0.019];
FEF,.: 30.9% vs 20.4% [p=0.002]; FEF_: 36.5% vs
4.1% [p=0.001]; FEF__: 25.8% vs 19.9% [p=0.016];
FEF,. ..:39.9% vs 7.5% [p=0.001] respectively)
(Figure 2).

Moreover, in the control group, there was practically
no recovery dynamics of FEF, and FEF,. __indicators
by Stage III of the study (p =0.335 and p=0.165
respectively). For FVC, positive dynamics in groups
I and II were characterized as statistically significant
(9.1% [p<0.001] and 14.6% [p<0.001]), however, no
differences between groups were observed (p =0.333).

Analysis of echocardiography data at discharge
from the hospital (Stage III of the study) did not
reveal statistically significant changes in all studied
parameters since the operation, except for the LV
ejection fraction. In group I, the improvement in
LVEF was 12.7% (p<0.001), and in group II only 4%
(p=0.008). However, no intergroup differences were
found (p=0.505).
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c)

d)

Fig. 2 (a-d). Dynamics of spirometry flow parameters in patients of groups | and Il at all stages of the study

Note: L1— group I;: L] — group II. * — presence of interstage differences (* —p < 0.05; ** — p < 0.01; *** —p < 0.001); # — presence of
intergroup differences; ns — absence of statistically significant differences.

Moreover, in the control group, there was
practically no recovery dynamics of FEF_ and FEF,_
indicators by Stage III of the study (p=0.335 and
p=0.165 respectively). For FVC, positive dynamics
in groups I and II were characterized as statistically
significant (9.1% [p<0.001] and 14.6% [p <0.001]),
however, no differences between groups were observed
(p=0.333).

Analysis of echocardiography data at discharge
from the hospital (Stage III of the study) did not
reveal statistically significant changes in all studied
parameters since the operation, except for the LV
ejection fraction. In group I, the improvement in
LVEF was 12.7% (p<0.001), and in group II only 4%
(p=0.008). However, no intergroup differences were
found (p=0.505).

At the third stage of the study, patients in
both groups showed positive dynamics in ODI
and mean SpO, value, with statistically significant
differences (p=0.003). In group I, the mean SpO,
value increased to 91.7 + 3.7%, and the ODI
index decreased by 63.6% to 7.5 + 0.6 (p <0.001)

CARDIOLOGY

(Figure 3). Thus, both indicators in group I returned
to baseline values.

In group II, the ODI index was also significantly
lower compared to the same indicator at the second stage
of the study (49.3%, p<0.001), but at the same time,
it remained elevated by 57.2% (10.5 + 0.8 [p<0.001])
compared to the initial value. At discharge, the mean
SpO, value in these patients remains 10.2% (p=0.011)
lower than before the operation.

The results of computed tomography obtained
during Stage III of the study showed that inflammatory
and congestive changes persist in patients of both
groups up to discharge from the hospital. The number
of patients with unilateral or bilateral hydrothorax
(residual) in both groups did not change significantly
by the time of discharge (p>0.05). At the same time, in
group I, a statistically significant decrease (by 42.9%,
p=0.014) in the number of patients with atelectasis
was revealed. Moreover, the number of patients with
atelectasis in group I became 1.6 times less than in
the control group (p=0.035). CT data are presented
in Table 4.
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Fig. 3. Indicators of the oxygenation index in patients of groups | and Il at all stages of treatment

Note: [1— group I;[_]1— group II. * — presence of interstage differences (* —p < 0.05; ** — p < 0.01; *** — p < 0.001). # — presence of
intergroup differences; ns — absence of statistically significant differences.

Table 4
Computed tomography data in patients of group I and Il at the second and third stages of the study
Indicators Stage Group | Group Il P

Stage Il 14 (100) 15 (100) 1.000

Pneumofibrosis
Stage Ill 14 (100) 15 (100) 1.000
Stage Il 7 (50.0) 4(26.7) 0.264

«Ground glass»
Stage IlI 4(28.6) 4(26.7) 1.000
Areas of consolidation Stage Il 14 (100) 15(100) 1.000
(atelectasis) Stage Ill 8 (57.1) 14 (93.3) 0.035+
Stage Il 13(92.9) 9 (60.0) 0.080

Hydrothorax

Stage Ill 11 (78.6) 7 (46.7) 0.128
Paresis of the dome of the Stage |l 5(357) 7(46.7) 0.710
diaphragm Stage Il 5(35.7) 7 (46.7) 0.710

According to IRG data, TBW and ECW indicators
did not recover by the end of the third stage of the
study and exceeded the initial values in group I by
11.1% and 21.4% (p=0.029; p=0.017), and in
group II by 10.2% and 23.1% (p=0.016; p=0.009)
respectively, without significant differences between
groups (p>0.05).

In this study, a comparative assessment was
conducted on the effect of positive expiratory pressure
therapy versus conventional respiratory gymnastics on
the respiratory system of patients after the left ventricle
geometric reconstruction in the early postoperative
period.
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Analysis of the study results revealed impairments
in external respiratory function in both groups during the
preoperative period. The decrease in respiratory function
in patients with post-infarction left ventricle aneurysm
is likely due to systemic hemodynamic disturbances
and the development of chronic heart failure, leading to
congestion in the pulmonary circulation and an increase
in interstitial edema, causing restrictive disorders of
external respiratory function [20, 21]. Additionally,
patients with CHF may experience increased mucus
production and impaired mucociliary clearance [22],
due to respiratory epithelial dysfunction [23], which
can provoke obstructive respiratory disorders.
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Spirometry data on the 2nd day after surgery in
patients of both groups show a significant decrease
(by 30—40%) in almost all spirometry indicators.
According to literature data, these disorders may be
caused by a decrease in lung tissue compliance due
to an increase in extracellular fluid [24], which is also
confirmed by the results of our study. Furthermore,
the decrease in external respiratory function indicators
after surgery may also be caused by disruption of chest
integrity, pain syndrome, mucus hyperproduction, and
impaired mucociliary clearance [10, 25].

By the time of hospital discharge (10-12 days post-
intervention), patients in the first group, who underwent
PEP-therapy, demonstrated statistically significant
improvements of pulmonary function, especially in the
flow characteristics of spirometry (PEF, FEF,,, FEF,_,
etc.), compared to patients who received a standard
course of respiratory gymnastics. The obtained results
indicate the effectiveness of therapy with the EzZPAP
device, which maintains constant positive pressure in
the airways, preventing their collapse during inhalation,
allowing for more effective restoration of mucociliary
clearance and patency of all bronchial sections.
Moreover, moderate expiratory resistance in the safe
range of 10-20 cm H,O [26, 27] contributes to more
effective restoration of respiratory muscle tone [28-30],
allowing patients to perform breathing maneuvers
qualitatively during spirometry examination.

Comparative analysis of radiography and CT data
showed that conventional radiography performed in
the early postoperative period does not fully determine
the presence and extent of atelectasis affecting various
parts of the lungs, compared to diagnostic methods
such as lung ultrasound and CT [31, 32]bedside chest
radiography, and lung ultrasonography with that of
thoracic computed tomography. Three pathologic
entities were evaluated in 384 lung regions (12 per
patient. In our study, chest CT on the 2nd day after
surgery revealed the formation of atelectasis in 100% of
examined patients in both groups, which is comparable
with the results obtained by Hedenstierna et al. [33].

It is known that the main factors in the development
of X-ray negative microatelectasis are prolonged
cardiopulmonary bypass [34], surfactant damage and
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disruption of its production, as well as a decrease in
alveolar pressure [35], leading to alveolar collapse and
impaired alveolar gas exchange. Pulmonary and tissue
gas exchange data obtained on the 2nd day after surgery
and the results presented in Table 3 confirm significant
impairments in lung oxygenation function in patients
of both groups.

The use of PEP-therapy allows for a statistically
significant reduction in the number of patients with
atelectasis in group I by the time of hospital discharge,
as well as a reduction in the volume of remaining
atelectasis. At the same time, group II showed almost
no decrease in the number and volume of atelectasis.
This is likely due to the fact that positive expiratory
pressure allows for the recruitment of collapsed
alveoli by increasing transpulmonary pressure [36],
and maintaining positive pressure during inhalation
prevents their derecruitment [37]. Meanwhile, classical
breathing exercises do not have a desorption effect.
Furthermore, it should be noted that with traditional
respiratory gymnastics, it is impossible to dose and
control the level of positive expiratory pressure,
resulting in insufficient increase in transpulmonary
pressure, which significantly reduces the effectiveness
of this respiratory rehabilitation method [38].

During 24-hour pulse oximetry at the preoperative
stage, respiratory function disorders during sleep were
detected in patients of both groups. A decrease in
blood oxygenation indicators was observed, with the
mean desaturation index being above normal values
in both groups (ODI>5), which increased the risk of
sleep apnea episodes in this category of patients. It
is known that patients with cardiovascular pathology
are at risk for SDB. In patients with coronary heart
disease complicated by heart failure, the prevalence
of sleep apnea exceeds 70% [39]. Moreover, not only
can the presence of sleep apnea affect the occurrence
of cardiovascular diseases and the development of
CHEF, but in turn, the presence of CHF can provoke the
occurrence of sleep apnea syndrome and potentiate an
increase in the frequency of apnea/hypopnea episodes
of both central and obstructive types [40].

In our study, a significant increase in the ODI was
observed in the early postoperative period in patients
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of both groups. These disorders may be due to the
influence of a combination of intraoperative factors,
such as intubation causing damage and edema of the
vocal cords and larynx, as well as the use of general
anesthesia and muscle relaxants during surgery. These
risk factors, against the background of the forced supine
position of the patient, can provoke obstructive breathing
disorders during sleep, as well as exacerbate the course
of moderate to severe OSAS [41]. The influence of
postoperative heart failure on sleep apnea/hypopnea
should be emphasized, which leads to worsening of
congestion in the pulmonary circulation, especially in
the horizontal supine position during sleep, leading to
interstitial edema and increased ODI [42—44].

Patients in group I receiving PEP-therapy showed
restoration of ODI and average oxygenation to
preoperative values at Stage III of the study, while in
group II they remained reduced. Apparently, the effect
of PEP-therapy is largely provided by maintaining
constant positive pressure in the airways during sessions
on the EzZPAP device with connected main oxygen.
Improvement in the oxygenating function of the lungs
against the background of oxygen therapy positively
affects the recovery of respiratory disorders [45]. In
addition, constant positive pressure likely contributes
to the restoration of airway stability and a reduction in
the number of desaturation episodes. This is supported
by studies that have proven the effectiveness of the
assisted ventilation technique with constant positive
pressure during sleep — CPAP, which prevents the
collapse of airways and eliminates episodes of apnea/
hypopnea [46].

Thus, regular use of PEP-therapy in the early
postoperative period contributes to the stabilization
of airways, improvement of blood oxygenation, and
reduction in the frequency of SAS episodes of both
obstructive and central nature.

Conclusion

The use of PEP-therapy using the EzZPAP device in
patients after LVGR in the early postoperative period
allows not only to reduce the number and volume of
atelectasis but also to more effectively restore spirometry
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indicators compared to patients receiving a standard
course of respiratory gymnastics.

In the early postoperative period after LVGR,
patients experience impaired gas exchange and
a significant increase in the number of desaturation
episodes during sleep. PEP-therapy contributes to
the restoration of blood oxygenation indicators and
desaturation index to baseline values by the time of
discharge, while in patients receiving a standard course
of respiratory gymnastics, these indicators remain
reduced.

The use of PEP-therapy in the early period
after LVGR surgery can be successfully applied in
conjunction with conservative methods of respiratory
rehabilitation, as it is safe and well-tolerated by patients.

References / Cnucok nutepatypbl

1. Horodinschi RN, Bratu OG, Dediu GN, Pantea Stoian A,
Motofei I, Diaconu CC. Heart failure and chronic obstructive
pulmonary disease: a review. Acta Cardiol. 2020;75(2):97—104.
doi: 10.1080/00015385.2018.1559485

2. Ramalho SHR, Shah AM. Lung function and cardiovascular
disease: A link. Trends Cardiovasc Med. 2021;31(2):93—98. doi:
10.1016/j.tcm.2019.12.009

3. Nikitina TG, Pelekh DM, Filipkina TYu, Golukhova EZ. Impact
of comorbidity on immediate results of surgical correction of valvular
heart defects. Clinical Physiology of Circulation. 2022;19(3):238—246.
(In Russian). doi: 10.24022/1814-6910-2022-19-3-238-246. [Huku-
muHa T.I'., Ilenex /.M., @uaunkuua T.FO., I'onyxoea E.3. Bnusinue
KOMOpOWHOCTH Ha HEMOCpeJCTBEHHbIe Pe3y/bTaThl XUPypruye-
CKOM KOpPeKIMH K/IallaHHBIX TTOPOKOB cepztia // KnuHuueckas ¢u-
3nosorust KpoBoobpamjerns. 2022. T. 19. Ne 3. C. 238—246. doi:
10.24022/1814-6910-2022-19-3-238-246].

4. Axson EL, Sundaram V, Bloom CI, Bottle A, Cowie MR,
Quint JK. Temporal Trends in the Incidence of Heart Failure among
Patients with Chronic Obstructive Pulmonary Disease and Its
Association with Mortality. Ann Am Thorac Soc. 2020;17(8):939—948.
doi: 10.1513/AnnalsATS.201911-8200C

5. Yeghiazarians Y, Jneid H, Tietjens JR, Redline S, Brown DL, El-
Sherif N, Mehra R, Bozkurt B, Ndumele CE, Somers VK. Obstructive
Sleep Apnea and Cardiovascular Disease: A Scientific Statement from
the American Heart Association. Circulation. 2021;144(3): E56-E67.
doi: 10.1161/CIR.0000000000000988

6. Heidorn MW, Steck S, Miiller F, Trobs SO, Buch G, Schulz A,
Schwuchow TS, Schuch A, Strauch K, Schmidtmann I, Lackner KJ,
Gori T, Miinzel T, Wild PS, Prochaska JH. FEV, Predicts Cardiac Status

KAPOMOJIOT A



Mamalyga ML et al. RUDN Journal of Medicine. 2025;29(2)

and Outcome in Chronic Heart Failure. Chest. 2022;161(1):179—189.
doi: 10.1016/j.chest.2021.07.2176

7. Babeshko SS, Barbukhatti KO, Shumkov DI, Kaleda VI,
Porhanov VA. Predictors of adverse outcomes in early and long-term
periods after aortic valve replacement in patients with severe left
ventricular systolic dysfunction. Russian Journal of Thoracic and
Cardiovascular Surgery. 2024;66(2):166—177. (In Russian). doi:
10.24022/0236-2791-2024-66-2-166-177. [Babewko C.C., Bapby-
xammu K.O., Illymkoe [I.H., Kaneda B.H., ITopxaros B.A. TIpeayk-
TOPBI HEGIArOTIPUATHBIX UCXOZ0B B PaHHHE U OT/ja/IeHHbIE CPOKU
0CJ/Ie TIPOTEe3UPOBAHHMS A0PTAIBHOTO K/laraHa y G0/bHBIX C TSDKe-
JIOH CHCTO/IMUeCKOU AuchyHKIIMeEH jieBoro xxenyaouka / I'pygHas
U cepfieuHo-cocyauctas xupyprusi. 2024. T. 66. Ne 2. C. 166—177.
doi: 10.24022/0236-2791-2024-66-2-166-177].

8. Weissman C. Pulmonary complications after cardiac surgery.
Semin Cardiothorac Vasc Anesth. 2004;8(3):185—211. doi:
10.1177/108925320400800303

9. Rubinowitz AN, Siegel MD, Tocino I. Thoracic Imaging
in the ICU. Crit Care Clin. 2007;23(3):539—573. doi: 10.1016/].
ccc.2007.06.001

10. Girgin Z, Cigerci Y, Yaman F. The Effect of Pulmonary
Rehabilitation on Respiratory Functions, and the Quality of Life,
following Coronary Artery Bypass Grafting: A Randomised Controlled
Study. Biomed Res Int. 2021;2021:1—11. doi: 10.1155/2021/6811373

11. Albert RK. Constant V. Ventilation and Surfactant Dysfunction
An Overlooked Cause of Ventilator-induced Lung Injury. Am J Respir
Crit Care Med. 2022;205(2):152—160. doi: 10.1164/rccm.202107-
1690CP

12. Serin SO, Isiklar A, Karaoren G, El-Khatib MF, Caldeira V,
Esquinas A. Atelectasis in bariatric surgery: Review analysis and
key practical recommendations. Turkish J Anaesthesiol Reanim.
2019;47(6):431—438. doi: 10.5152/TJAR.2019.66564

13. Merzlyakov VYu, Skopin Al, Mamedova SK, Baychurin RK,
Khaziev RA. Successful repeated myocardial revascularization with
reconstruction of the left ventricular cavity, performed under conditions
of parallel perfusion and normothermia on the beating heart. Russian
Journal of Thoracic and Cardiovascular Surgery. 2023;65(3):335—340.
(In Russian). doi: 10.24022/0236-2791-2023-65-3-335-340. [Mep3ns-
ko8 B.FO., CkonuH A.U., Mamedoga C.K., BatiuypuH P.K., Xa3u-
eg P.A. YcrieliHast TOBTOpHAas peBacKyJIsipu3aLyisi MUOKap/a C peKOoH-
CTPYKLIMeH TOJIOCTH JIEBOTO JKEJTYZJ0UKa, BLINOHEHHAS! B YCIOBUSIX
TiapasutesbHOM Mepgy3uu 1 HOPMOTEPMUM Ha COKDAILAOIIIEMCST Cep/ILie
// I'pypHas U cepgeuHo-cocypuctas xupyprus. 2023. T. 65. Ne 3.
C. 335—340. doi: 10.24022/0236-2791-2023-65-3-335-340].

14. Pieczkoski SM, de Oliveira AL, Haeffner MP, Azambuja
A de CM, Sbruzzi G. Positive expiratory pressure in postoperative
cardiac patients in intensive care: A randomized controlled trial. Clin
Rehabil. 2021;35(5):681—691. doi: 10.1177/0269215520972701

15. Saliba KA, Blackstock F, McCarren B, Tang CY. Effect of
Positive Expiratory Pressure Therapy on Lung Volumes and Health
Outcomes in Adults with Chest Trauma: A Systematic Review and

CARDIOLOGY

Meta-Analysis. Phys Ther. 2022;102(1):1—11. doi: 10.1093/ptj/
pzab254

16. Nadi F, Azizi-Fini I, Izadi-Avanji FS. Impact of Continuous
Positive Airway Pressure (CPAP) Masks on Arterial Blood Gas
Parameters and Pulmonary Side Effects after Open-heart Surgery. J
Vessel Circ. 2020;1(1):1—7. doi: 10.29252/jvesselcirc.1.1.1

17. Nieman GF, Gatto LA, Andrews P, Satalin J, Camporota L,
Daxon B, Blair SJ, Al-khalisy H, Madden M, Kollisch-Singule M,
Aiash H, Habashi NM. Prevention and treatment of acute lung injury
with time-controlled adaptive ventilation: physiologically informed
modification of airway pressure release ventilation. Ann Intensive
Care. 2020;10(1):3. doi: 10.1186/s13613-019-0619-3

18. Russian respiratory society. Spirometry: a methodological
guide. Ministry of health of the Russian Federation. 2021. 56 p.
[Accessed 2024 May 08] Available from: https://spulmo.ru/upload/
spirometriya_18_02_2022_ extEd.pdf?t=1. (In Russian). [Poccuiickoe
pecrnuparopHoe o61ecTBo. CIMPOMETpHs: METO/UUECKOE PYKOBOZCTBO.
MuHucTepcTBo 3ApaBooxpaHenus Poccuiickor @epepanun. 2021. 56
c. Tata obpamenwust: 08.05.2024. Toctym 1o ccoiike: https://spulmo.
ru/upload/spirometriya_18_02_2022_extEd.pdf?t=1].

19. Mitchell C, Rahko PS, Blauwet LA, Canaday B, Finstuen JA,
Foster MC, Horton K, Ogunyankin KO, Palma RA, Velazquez EJ.
Guidelines for Performing a Comprehensive Transthoracic
Echocardiographic Examination in Adults: Recommendations from
the American Society of Echocardiography. J Am Soc Echocardiogr.
2019;32(1):1—64. doi: 10.1016/j.echo.2018.06.004

20. Iversen KK, Kjaergaard J, Akkan D, Kober L, Torp-Pedersen C,
Hassager C, Vestbo J, Kjoller E. The prognostic importance of lung
function in patients admitted with heart failure. Eur J Heart Fail.
2010;12(7):685—691. doi: 10.1093/eurjhf/hfq050

21. Lobacheva GV, Alshibaya MM, Mamalyga ML, Zatenko MA,
Danilov SA, Arzumanyan MA. Respiratory system functional
state in patients after the left ventricle geometric reconstruction
followed by conventional respiratory rehabilitation. RUDN Journal
of Medicine. 2023;27(2):182—94. (In Russian). doi: 10.22363/
2313-0245-2023-27-2-182-194. [JIobauesa I'.B., Anwubas M.M.,
Mamanbiea M.J1., 3amenko M.A., [lanunos C.A., Ap3ymansaH M.A. DyHk-
LIOHA/IbHOE COCTOSIHUE PeCITUPATOPHOM CUCTEMBI Y MALUEHTOB MOC/Ie
reOMEeTPHUECKOH PEKOHCTPYKLMH JIEBOTO JKeTy/0UKa C TOC/IeAYoLekt
KOHBEHL[FIOHa/IbHOH pecripaTopHoi peaburaiieii / Bectauk Poc-
cuiicKoro yHUBepcuTeTa ApyK0bl HapogoB. Cepusi: MegupHa. 2023.
T. 27. Ne 2. C. 182—194. doi: 10.22363/2313-0245-2023-27-2-182-194]

22. Bazdyrev ED, Polikutina OM, Kalichenko NA, Slepynina YS,
Barbarash OL. Disorders of respiratory function of lungs in patients
with ischemic heart disease before planning coronary bypass grafting.
Siberian Medical Review. 2017;(2 (104)):77—84. (In Russian). doi:
10.20333/2500136-2017-2-77-84. [ Bazobipes E./1., ITonukymuna O.M.,
Kanuuenko H.A., CaenbiHuHa FO.C., Bapbapaw O./1. HapyiieHue
pecrnypaTopHo# GyHKLUY JIETKUX y MAl[HeHTOB C UIIeMHYeCKON
60oJ1e3HBI0 Cep/lia repes MIaHOBBIM MPOBeIeHHEM KOPOHAPHOTO

173



Mamalyga M.L. et al. Becthuk PYIH. Cepus: Mepuuumna. 2025. T. 29. Ne 2

uryHTHpoBaHus // Cubrpckoe MeauiiHCKoe 0603penue. 2017. Ne 2
(104). C. 77—84. doi: 10.20333/2500136-2017-2-77-84].

23. Feigin GA, Toktobolot KCh, Feigin AM. Features of the
course and treatment of acute respiratory diseases in patients with
pulmonary heart failure. Vestnik of the Kyrgyz-Russian Slavic university.
2018;18(9):73—77. (In Russian). [@eliecuH I A., Tokmoboarom K. 4.,
Detieun A.-M. OcobeHHOCTY TeUYeHHs! 1 JIeUeHHsT OCTPBIX PeCITPaTOPHBIX
3a60s1eBaHM# Y GOBHBIX C JIETOYHO-CEPAEUHOM HEJJOCTAaTOYHOCThIO //
Becrnuk Keipreizcko-Poccutickoro CriiaBsHCKoro yHuBepcuteta. 2018.
T. 18. Ne 9. C. 73—77].

24. Magnussen H, Canepa M, Zambito PE, Brusasco V, Meinertz T,
Rosenkranz S. What can we learn from pulmonary function testing
in heart failure? Eur J Heart Fail. 2017;19(10):1222—1229. doi:
10.1002/ejhf.946

25. Dergachev AV, Lapteva IM, Sprindzhuk MV. Broncho-
pulmonary complications after cardiac surgery. Russian Journal of
Cardiology. 2007;(5):92—96. (In Russian). [/Jepeauee A.B., Jlan-
meea U.M., Cnpunoxcyk M.B. BpoHXo/ierounble 0CI0KHEHUS TT0CIe
orepanuy Ha cepgue // Poccuiickull Kapro/10ruyeCcKUi XypHas.
2007. Ne 5. C. 92—96].

26. Brooks D, Newbold E, Kozar LF, Rivera M. The Flutter device
and expiratory pressures. J Cardiopulm Rehabil. 2002 Jan;22(1):53—57.
doi: 10.1097/00008483-200201000-00008.

27. O’Sullivan KJ, Dunne CP, Linnane B, McGrath D, O’Sullivan
L. Design and initial testing of a novel disposable oscillating positive
expiratory pressure device. Ir J Med Sci. 2023;192(5):2291—2299.
doi: 10.1007/511845-022-03225-1

28. Habib MH, Serry MZ, A. Hussein S, Nagy EN, Ghallab AM.
Impact of combined Russian current and threshold PEP on dyspnoea
and functional capacity in patients with COPD: a randomised controlled
trial. Physiother Q. 2024;32(1):50—6. doi: 10.5114/pq.2024.135422

29. Dsouza FV, Amaravadi SK, Samuel SR, Raghavan H,
Ravishankar N. Effectiveness of Inspiratory Muscle Training on
Respiratory Muscle Strength in Patients Undergoing Cardiac
Surgeries: A Systematic Review With Meta-Analysis. Ann Rehabil
Med. 2021;45(4):264—73. doi: 10.5535/arm.21027

30. Sahar W, Ajaz N, Haider Z, Jalal A. Effectiveness of Pre-
operative Respiratory Muscle Training versus Conventional Treatment
for Improving Post operative Pulmonary Health after Coronary Artery
Bypass Grafting. Pakistan J Med Sci. 2020;36(6):1216—1219. doi:
10.12669/pjms.36.6.2899

31. Lichtenstein D, Goldstein I, Mourgeon E, Cluzel P, Grenier P,
Rouby JJ. Comparative Diagnostic Performances of Auscultation,
Chest Radiography, and Lung Ultrasonography in Acute Respiratory
Distress Syndrome. Anesthesiology. 2004;100(1):9—15. doi: 10.109
7/00000542-200401000-00006

32. Touw HR, Parlevliet KL, Beerepoot M, Schober P, Vonk A,
Twisk JW, Elbers PW, Boer C, Tuinman PR. Lung ultrasound compared
with chest X-ray in diagnosing postoperative pulmonary complications
following cardiothoracic surgery: a prospective observational study.
Anaesthesia. 2018;73(8):946—954. doi: 10.1111/anae.14243

174

33. Hedenstierna G, Edmark L. Mechanisms of atelectasis
in the perioperative period. Best Pract Res Clin Anaesthesiol.
2010;24(2):157—169. doi: 10.1016/j.bpa.2009.12.002

34. Kirillov AY, Yavorovskiy AG, Vyzhigina MA, Komarov RN,
Nogtev PV, Bagdasarov PS, Khalikova EYu, Yavorovskaya DA, No II.
Respiratory tactics during cardiopulmonary bypass in cardiac surgery.
Messenger Anesthesiol Resusc. 2021;18(2):40—47. (In Russian). doi: 10
.21292/2078-5658-2021-18-2-40-47 [ Kupuntoe A.FO., Sleoposckuii A.T".,
Bbuicueuna M.A., Komapoe P.H., Hoemes I1.B., BazdacapogI1.C.,
Xanukoea E.IO., SAgopoeckas [I.A., Ho U.H. PecriupaTtopHasi TakTHKa
BO BPEMs1 HCKYCCTBEHHOT0 KPOBOOOpaILleH sl [PH KapJHOXHUpypruye-
CKHX orepauusix // BeCTHUK aHeCTe3u0/10riu 1 peanuMarosnoruu. 2021.
T. 18. Ne 2. C. 40—47. doi: 10.21292/2078-5658-2021-18-2-40-47].

35. Zeng C, Lagier D, Lee JW, Vidal Melo MF. Perioperative
Pulmonary Atelectasis: PartI. Biology and Mechanisms. Anesthesiology.
2022;136(1):181—205. doi: 10.1097/ALN.0000000000003943

36. Hu MC, Yang YL, Chen TT, Lee CI, Tam KW. Recruitment
maneuvers to reduce pulmonary atelectasis after cardiac surgery:
A meta-analysis of randomized trials. J Thorac Cardiovasc Surg.
2022;164(1):171—181.e4. doi: 10.1016/j.jtcvs.2020.10.142

37. Bautin AE. Profilaktika i intensivnaya terapiya ostrogo
respiratornogo distress-sindroma posle operacij na serdce i aorte
[PhD Thesis]. Saint Petersburg; 2015. [BaymuH A.E. TIpoduiakTrka
Y MHTEHCHBHAs TePartysi OCTPOro PeCTUPaTOPHOTo AUCTPEeCC-CUHAPOMA
T0CJIe OrepaLiiii Ha Cep/iLie U aopTe: JHC. ... IOK. Mell. HayK. CaHKT-
I[Tetep6ypr, 2015].

38. Alshibaya MM, Mamalyga ML, Lobacheva GV. The
effectiveness of respiratory methods of PEP-therapy and vibrational
PEP-therapy after coronary artery bypass grafting. Thoracic and
cardiovascular surgery. 2018;60(6):477—482. (In Russian). doi: 10.2
4022/0236-2791-201860-6-477-82. [Amwuubas M.M., Mamanbrea M.JI.,
Jlobauesa I'.B. D peKTHBHOCTH pecripaTopHBIX MeTof0B PEP-Te-
parnuu 1 BubpaLuoHHoit PEP-Teparuu nocie aopTOKOPOHapHOTO
LyHTHpOoBaHus // TpyaHas v cepJieuHO-CoCyAucTas xupyprus. 2018.
T. 60. Ne 6. C. 477—482. doi: 10.24022/0236-2791-201860-6-477-82].

39. Legeyda IV, Buzunov RV, Sidorenko BA, Likov VF,
Alekhin MN, Telnova OD, Antsereva AO. The use of computer
pulse oximetry monitoring for screening of sleep apnea in patients of
a hospital cardiology department. Kardiologiya. 2012;52(2):70—73.
(In Russian). [/Iezetioa U.B., By3yHoe P.B., CudopeHko B.A., Ane-
XxuH M.H., JIukoe B.®., TeabHoea O./]., AHyepesa A.O. [IpuMmeHeHne
MOHHTOPHHIOBOM KOMITHIOTEPHOM My/IbCOKCUMETPHH /17151 CKDUHUHTA
arHo? CHa Y MAalMeHTOB Kap/MOJIOrHueCKOro OT/e/IeH s CTaLroHapa //
Kappuosnorus. 2012. T. 52. Ne . 2. C. 70—73].

40. Gordeev IG, Shaydyuk OYu, Taratukhin EO. Sleep apnoea
syndrome and cardiovascular disease: a modern view. Russ J Cardiol.
2012;(6):5—12. (In Russ.). [['opdeee UT, Lllaliook OFO, TapamyxuH
EO. CuH/[pOM arHO3 BO CHe ¥ Kap/HO0JI0rMUecKast MaToJiorHsi: COBpe-
MeHHbIH B35/, // Poccuiickuil KapAuonornyeckuil xxypHain. 2012.
Ne 6. C. 5—12].

KAPOMOJIOT A



Mamalyga ML et al. RUDN Journal of Medicine. 2025;29(2)

41. Buzunov RV. Long-term CPAP-therapy of obstructive sleep
apnea syndrome. What the cardiologist should know? Medical alphabet.
2013;2(21):35—39. (In Russian). [By3yHoe P.B. Jonrocpounast CU-
[TATI-Tepanus CHHAPOMA 0OCTPYKTUBHOIO ariHO3 CHA. UTO HY)KHO 3HaTh
Kapzuornory? // MepumHckni andasut. 2013. T. 2. Ne 21. C. 35—39].

42. Yumino D, Redolfi S, Ruttanaumpawan P, Su MC, Smith S,
Newton GE, Mak S, Bradley TD. Nocturnal rostral fluid shift: A unifying
concept for the pathogenesis of obstructive and central sleep apnea in
men with heart failure. Circulation. 2010 Apr 13;121(14):1598—1605.
doi: 10.1161/CIRCULATIONAHA.109.902452

43. Bradley TD, Floras JS. Sleep apnea and heart failure: Part I:
Obstructive sleep apnea. Circulation. 2003;107(12):1671—1678. doi:
10.1161/01.CIR.0000061757.12581.15

44. Bradley TD, Floras JS. Sleep apnea and heart failure: Part II:
Central sleep apnea. Circulation. 2003;107(13):1822—1826. doi:
10.1161/01.CIR.0000061758.05044.64

45. Wellman A, Malhotra A, Jordan AS, Stevenson KE, Gautam S,
White DP. Effect of oxygen in obstructive sleep apnea: Role of loop
gain. Respir Physiol Neurobiol. 2008;162(2):144—151. doi: 10.1016/j.
resp.2008.05.019

46. Tarasik ES, Bulgak AG, Zatoloka NV, Koush EV. The
obstructive sleep apnea and cardiovascular diseases. Meditsinskie
novosti. 2016;(6):18—24. (In Russian). [Tapacuk E.C., Bynreak A.T.,
3amonoka H.B., Kosw E.B. CUHApPOM 06CTPYKTHBHOT'O arHO3 CHa
U Cep/ieuHo-CoCyaucThie 3aboeBanust // MeUIIMHCKIE HOBOCTH.
2016. Ne 6. C. 18—24].

PecnupaTtopHas Tepanusl C NONI0XXUTENbHbIM AaBJlIeHUEM
Ha BblZoXe Yy NaLUEeHTOB NoC/ie FeOMETPUUYECKON PEKOHCTPYKLMK
NeBOro enyaouyka

M.JI.Mamansira! —~, M.M. Ammmoasa' —, M.A. 3aTeHko’ g’

C.A. JauunoB' ', IT.T'enapze! ', C.J1. babax?®

'HarjoHa/ibHbIM MeUIMHCKUH HCC/iej0BaTe/IbCKUM LIEHTP CepeuH0-COCYINCToN Xupypriuv umenu A.H. BakyeBa»
Mun3apaea Poccum, e. Mockasa, Poccultickas ©edepayusi
?HayuHo-06pa30BaTe/IbHbIN MHCTUTYT KJIMHHYECKOM MequiiiHbl umenn H.A. Cemariiko PoCCHICKOTO yHUBEpCUTETA
MeauLMHBL Mun3zapasa Poccun, . Mockea, Poccutickas ®edepayus
*mazatenko@bakulev.ru

AHnHoTanusA. AkmyaabHocmb. [IpixarenbHasi cUCTeMa MaljeHTOB C MOCTUH(APKTHON aHeBPHU3MOM JIEBOTO JKesTyZouKa
Ha (poHe XCH uacTo xapakTepu3yeTcsi CHIKeHHeM (yHKLIMY BHEIIHEro /IbIXaHusl ¥ pa3BUTHEM PeCIIUpaTOPHBIX 0C/I0KHEHUH
B paHHeM [10C/IeoNepaljioHHOM Neprofe. Tepamnus ¢ OI0XKUTeTbHBIM 3KCIIMPaTOpHbIM JasieHueM (PEP-Tepamnust) cunraercs
3(h(heKTUBHBIM METOOM PECTIMPAaTOPHOM peabUIUTalMKi TOC/ie KapAUOXUPYPTrUUecKrX onepatuid. OJHaKo B HACTOSIIIEe BPEMST
OTCYTCTBYIOT laHHble TPUMEHEeHUs1 3TOX MeTOAMKM y nanueHToB nocjae I'PJDK (reoMeTpruyeckoll peKOHCTPYKLIUU JIEBOTO
>kenynouka). Lleab uccnedosanus: n3yunTh GyHKI[MOHATBHOE COCTOSIHME [IbIXaTebHOM chCTeMbl anyeHToB nociie I'PIDK
B PaHHEM MOC/Ie0nepalMoHHOM fiepuo/ie Ha (hone PEP-teparnuu. Mamepuanbi u memoodbt. O6ciefoBaHo 57 MalyieHToB Mocie
oreparuu ['PJDK. BrizienieHo jBe TPyl MaljeHTOB: Ipymma I — natyeHTsl, npoxosiiue Kypc PEP-teparuu (n=27), u rpymnmna
II — nmarueHTsl, MPOXOAsALIMe KypC CTaHJAPTHOM JpIXaTebHOM r’MMHAcTUKM (n =30, KOHTpoJIbHas rpymnmna). ViccienoBanue
BK/toYasio 3 arana: I sTan — 0 onepauuu; I atan — uepe3 2—3 aust mocsie onepaiuy; 111 stanm — uepe3 10-12 aHelt nocse
orepariuu. Pe3yabmambl u obcyxcoeHue. Ha mpeporneparivionHoMm 3Tarie B I v I1 rpynmax o6HapyskeHbl HapyILeHHsT Kapuo-
pecriparopHoii cucremsl (PXKEJT: 89,2% u 87,3%; KJO: 174,2 ma u 179,9 MJ1 COOTBETCTBEHHO), a TAK)Ke PUCK Pa3BUTHS
JIbIXaTebHBIX PACCTPOMCTB cHa (MHfeKC Aecarypauuu [M[]: 7,1 u 6,7 cooTBeTCTBeHHO). Ha BTOpBIE CYyTKU IOC/Ie OTepaLyn
B 00erx rpynmnax Hab/I0Aan0Ch 3HAUMTe/TbHOE CHIDKEHME BCeX oKa3aTesield criipoMmeTpuy, rpy toM M/ B I u II rpynmnax
BbIpoC B 2,9 (p<0,001) u 3,1 (p<0,001) pasa coorBeTcTBeHHO. KT rpy/iHOM K/I€TKY BbIsSIBU/IA aTeeKTasbl Pa3/IMUHbIX OT/e/10B
nerkux y 100% ob6cieoBaHHbIX NaljeHToB. [Ipy BhIMKCKe K3 cTaiyoHapa B I rpymre mocie kypca PEP-tepariiu Hab/10a/10Ch
Jlyuliiee BOCCTaHOBJIEHHEe PeCTTMPATOPHbIX TOKa3aTe/iel Mo CPaBHEHUIO C KOHTPO/IbHOM rpynnoi (O®B : 22,1% u 9,4%; I1OC:
58,1% u 19,5% cootBetcTBeHHO). V1/] B I rpyTire BepHysICs K MICXOAHBIM 3HaUeHUsIM, @ KOJIMUEeCTBO MAaljieHTOB C aTeneKTa3aMu
cokparuiock B 1,6 pasa. Bo Bropoii rpymmne W/l octaBancs yBequueHHbIM Ha 57,2%, a pe3ynbratel KT coxpaHsiich 6e3
u3MeHeHU. Bbigoobl. IIpuMmeHeHne PEP-tepanuu B paHHeM niepuofie rociie orepariiy I'PJDK 1o3BosisieT yMeHbLIUT He TOBKO
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Speckle tracking echocardiography
in patients with diabetes mellitus: a systematic review
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Abstract. Relevance Speckle tracking echocardiography (STE) constitutes a notable progression in the realm of non-invasive
cardiac imaging, facilitating accurate quantification of myocardial deformation across various planes. This modality surpasses
traditional echocardiographic metrics, such as left ventricular ejection fraction (LVEF), by allowing for the early identification
of subclinical myocardial dysfunction. This review delineates the foundational principles and technological advancements
associated with STE, encompassing the incorporation of deep learning algorithms, high-frame-rate imaging, and three-dimensional
applications that enhance tracking precision and clinical applicability. Particular attention is directed toward the significance
of global longitudinal strain (GLS) as a sensitive biomarker indicative of early systolic impairment. The clinical significance
of STE is particularly pronounced in individuals with type 1 diabetes mellitus (T1DM), a cohort that is at an increased risk for
the onset of cardiovascular complications. Numerous studies illustrate that STE can detect myocardial strain abnormalities in
diabetic patients well in advance of the appearance of overt cardiac symptoms or declines in LVEF. This capability facilitates the
earlier recognition of diabetic cardiomyopathy, enhances the monitoring of therapeutic responses, and permits risk stratification
based on parameters such as GLS and atrial strain. Conclusion: STE has emerged as an invaluable instrument in contemporary
cardiology, particularly for the diabetic demographic, where it unveils subtle myocardial dysfunction frequently overlooked
by conventional methods. Its expanding role in cardio-oncology, heart failure management, and diabetes care underscores the
necessity for broader clinical integration. Nevertheless, additional prospective, outcome-based studies are imperative to validate
its prognostic significance and to effectively incorporate it into standard clinical practice. By bridging the divide between imaging
and early intervention, STE presents promising trajectories for the enhancement of long-term cardiovascular outcomes.
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Introduction

Speckle tracking echocardiography (STE) is
a method of examining the heart using ultrasound, which
allows you to assess the work of the heart muscle at each
point over several heart cycles. This method allows you
to accurately measure both total and regional myocardial
deformity, which gives a detailed picture of the systolic
function of the myocardium. Such as ejection fraction,
are normal. STE allows you to assess the performance
of both the left and right ventricles, as well as the
atria, using parameters such as global longitudinal
deformity (GLS), which is a more sensitive indicator
of early systolic dysfunction, torsional deformity, and
circular deformity [1].

Speckle-tracking echocardiography was developed
as a method that provides a reliable assessment of
the movement of tissue displacements using unique
speckle templates generated by ultrasound imaging.
Speckle tracking algorithms were originally based on
the use of optical flow and block-matching techniques.
These methods made it possible to accurately assess the
movement of specific tissue areas by tracking speckle
patterns on ultrasound images over several cardiac
cycles. To improve lateral resolution, the method was
developed by applying advanced techniques such
as the Riess transform, which extends the Hilbert
transform into a multidimensional space, increasing
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the lateral resolution accuracy [1, 2]. The evolution of
speckle-tracked echocardiography (STE) has further
refined the method, allowing the quantification of
regional myocardial function and providing a more
sensitive assessment of left ventricular dysfunction
compared to traditional approaches such as ejection
fraction [3]. Innovation continued with the introduction
of convolutional neural networks (CNNs) to detect
tracked speckle patches, which significantly reduced
tracking errors and improved accuracy [4]. The
emergence of deep learning models such as the
Neural Network for Unsupervised Motion Estimation
(UMEN-Net) allowed for the refinement of the method
by using RF echoes before and after deformation
to infer displacement fields, which improved the
assessment of axial and lateral deformation [4]. In
addition, methods such as two-dimensional iterative
projection (TDIP) and the use of dynamic nuclei
in speckle tracking have been proposed to improve
the accuracy and efficiency of estimating the blood
flow velocity profile. These methods have proven to
be applicable in various clinical situations [5]. The
combined implementation of these advances has
contributed to improved reliability and accuracy of
motion assessment in ultrasonic speckle tracking,
making it a valuable tool for medical diagnosis and
treatment monitoring.
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The basic idea is to track the movement of granular
patterns, known as speckles, which are formed by the
scattering of ultrasound waves in tissues, on successive
ultrasound frames. This assessment can be carried out
in a variety of directions — longitudinal, radial, and
circular — to provide a comprehensive assessment of
tissue mechanics [6]. The process begins with tissue
segmentation, after which traceable speckles are
extracted, which can be improved using ultra-precise
neural networks (CNNs) to improve the accuracy of
the result [7, 8, 9]. Another significant advancement
is the use of high-frequency frame echocardiography,

which contributes to more detailed and faster imaging of
speckles, which is critical for accurate motion tracking
in three-dimensional (3-D) echocardiography[10].
Interpretation of image analysis utilizing the American
Heart Association (AHA) framework delineates the
regional wall segments of the left ventricle (LV)
across various echocardiographic and tomographic
perspectives. This approach facilitates the integration
of conventional two-dimensional views with the
17-segment model employed for the analysis of strain
and perfusion. (Fig.1) [11].
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Fig.1. Diagram of the left ventricle segments for 2D echocardiography [11, modified]

Note: LAX—Long Axis View — shows vertical long-axis of left ventricle; 4C -(four-chamber view) cuts through both left and right

ventricle chambers; 2C (two-chamber view) excludes right ventricle; focused on anterior and inferior left ventricular walls; SAX

(short axis views — viewed at levels of MV (short axis view at mitral valve); SAX PM (short axis view at papillary muscle level);
SAX AP (short axis view at apex level).
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Global longitudinal deformity (GPD) is an
important echocardiographic indicator that evaluates
myocardial deformity, especially longitudinal shortening
of the left ventricle, and is considered a reliable indicator
for assessing left ventricular systolic function. The
main elements of GPD include accurate acquisition
of high-quality images, often by speckle-tracking
echocardiography or magnetic resonance imaging
(MRI), and subsequent analysis of myocardial deformity
in various segments of the left ventricle [12].

GPD is calculated by averaging the strain values
across these segments, which reduces the influence of
noise and observer variability, making this indicator
more reliable compared to the left ventricular ejection
fraction (LVEF) [13].

The clinical value of the use of GPD applies to
a variety of cardiovascular diseases, including heart
failure, myocardial infarction, and chemotherapy-
induced cardiotoxicity, where it demonstrates a higher
predictive value compared to conventional measures
such as LVEF [14]. The use of GPD is significant for
the detection of subclinical myocardial dysfunction,
even with preserved LV EF, and is a marker of adverse
cardiovascular events and mortality in both symptomatic
and asymptomatic patients with heart failure [15]. The
GPD method is included in the guidelines of cardio-
oncology [16] for the early detection of chemotherapy
cardiotoxicity, allowing for timely adjustment of the
dose of anticancer therapy. Despite its advantages,
the assessment of the prognostic value of GPD in
some conditions, such as ejection fraction preserved
heart failure (HFpEF), remains a matter of debate,
highlighting the importance of further research to
confirm its clinical relevance in different patient
populations. Given the above, GPD is a sensitive tool for
assessing myocardial function, which should be used to
monitor patients in dynamics and assess the prognosis of
patients with various cardiovascular pathologies. Global
longitudinal strain (GPD) values: The normal range
for GPD, which measures how much the heart muscle
shortens during heart contraction, has been shown to
range from —15.9 to —22.1%, with a mean of —19.7%
(95% confidence interval: —20.4 to —18.9%). Global
Circular Deformation (GCD) values: For the GCD
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indicator, which measures the force of circular torsion
of the myocardium, the normal range is—20.9 to—27.8%,
with a mean of —23.3% (95% confidence interval: —24.6
to —22.1%). Global radial deformity (GRD) values:
The normal range for GRD assessing heart muscle
thickening during ventricular systole is 35.1 to 59.0%,
with a mean of 47.3% (95% confidence interval: 43.6
to 51.0%) [17]. GLS has been employed as a predictive
measure for unfavorable left ventricular remodeling in
individuals who have undergone a myocardial infarction
(MI). It delineates elevated pulse wave velocity (PWYV)
and diminished global longitudinal strain (GLS) as
autonomous predictors of adverse remodeling outcomes.
The investigation encompassed a cohort of 112 patients,
stratified into two groups predicated upon the presence
of ST-segment elevation. The findings elucidate that an
increased initial PWYV is associated with a diminished
efficacy in the recovery of left ventricular systolic
function. The outcomes underscore the significance
of monitoring PWV and GLS to enhance therapeutic
strategies following MI [18].

Interpretation of image analysis utilizing the
framework established by the American Heart
Association (AHA) delineates the regional wall
segments of the left ventricle (LV) as observed
through various echocardiographic and tomographic
perspectives. This framework facilitates the
integration of conventional two-dimensional views
with the 17-segment model employed for the
assessment of strain and perfusion dynamics (Fig. 2)
[19, modified].

Possibilities of using the technique of speckle
tracking-echocardiography in patients with diabetes
mellitus

Studies show that inadequate glycemic control in
patients with diabetes mellitus negatively affects left
ventricular (LV) function, which can lead to a decrease
in LV EF and an increase in the incidence of heart failure
(HF) [20, 21]. Patients with diabetes mellitus often
develop heart failure with preserved ejection fraction,
in which there is a deterioration in ventriculo-arterial
interaction and an increase in arterial stiffness, which
exacerbates the course of HF, so early detection of
myocardial dysfunction plays an important role.
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Fig. 2. Plots of the left ventricle 17-segments model [19, modified].

Note: Plot A: most values are highly negative (e.g., —29%, —21%, —19%), indicating strong contraction. One segment shows
a positive value (6%) in the anterior septal area, indicating reduced or paradoxical motion. Likely suggests localized dysfunction
in that anterior region. Plot B: overall slightly less negative strain values compared to B (e.g., —23%, —=15%, —=14%). A positive strain
value (5%) appears in the lateral region, possibly suggesting abnormal movement in that area.

Studies show that GPD is a more sensitive
indicator for detecting subclinical cardiac dysfunction
in patients with diabetes mellitus compared to traditional
echocardiographic indicators. GPD is a more sensitive
method in detecting early myocardial damage, even if
LV EF is intact [22, 23].

Various methods of speckle-tracking echocardiography
have been studied to assess the deformation properties of
the myocardium in patients with diabetes mellitus.

Lehner LJ study (follow-up period of 3 years
from 2013 to 2016), where a retrospective analysis
was performed to assess GPD in three groups [24]. The
first group consisted of patients with type 1 diabetes
mellitus and renal insufficiency (PI) (type 1 DM + PI)
(n=16). The second group consisted of patients with PI
without type 1 DM (n=20). The third group consisted
of a control group with healthy volunteers (n=48).
Echocardiography with GPD assessment in patients
with type 1 diabetes mellitus + PN and in the renal
insufficiency group showed that GPD was significantly
lower in both groups compared to healthy volunteers.
Global longitudinal deformity in the group of patients

CARDIOLOGY

with type 1 diabetes + PN: -13.07 £ 2.67%, GPD was
slightly better in the group of patients with PN without
DM: -14.68 + 4.87%. The GPA in the healthy volunteer
group was significantly higher compared to patients in
the other groups: -19.78 + 1.89%, indicating that LV
function was better among healthy volunteers. Global
radial and circular deformity in patients with type 1
diabetes + PN is worse, which confirms the effect of
diabetic microvasculopathy on the myocardium.

A study by Mayumi Ifuku studied left atrial
dysfunction using echocardiography in children and
adults with type 1 diabetes mellitus (type 1 diabetes)
[25]. A total of 53 patients with type 1 diabetes mellitus
aged 5 to 41 years (mean age 23 years) were included,
the patients were divided into three age groups: D1
(514 years), D2 (15-24 years), and D3 (25-41 years).
Control groups comparable in age and sex were also
divided into corresponding groups (C1, C2, and C3) for
comparison. All underwent echocardiography to assess
left atrium (LP) function with deformity analysis. LP
stiffness was significantly higher in patients with type
1 diabetes aged 25—41 years compared to the control
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group, which indicates an increase in LP stiffness with
age in patients with type 1 diabetes. The data obtained
indicate that LP function decreases in adolescents
and young people with type 1 diabetes, while LP
stiffness increases in patients over 30 years of age.
Which indicates potential early markers of diastolic
dysfunction. The age range of participants was wide (5—
41 years), which could introduce variability in the results
due to different life stages and disease progression. The
study did not examine the effect of glycemic control
or the duration of diabetes on LV function, which may
provide additional clues about the relationship between
type 1 diabetes and LV dysfunction. The Thousand
& 1 study is one of the largest in Denmark, initiated
by Magnus Jensen and Peter Sogaard [26]. A total of
1065 patients with type 1 diabetes mellitus without
heart disease, the control group (n=198) were included.
All underwent standard and 2D speckle-tracking
echocardiography to measure global longitudinal
deformity and assess systolic function. Patients were
divided into groups based on albuminuria status:
normoalbuminuria (n=739), microalbuminuria (n=223),
and macroalbuminuria (n=103). The study aimed to
determine whether myocardial systolic function was
impaired in all patients with type 1 diabetes or only
in patients with albuminuria with healthy people,
which indicates the absence of specific diabetic
cardiomyopathy in this subgroup. With stratification
by albuminuria status, the difference in GPD compared
to controls was —18.8 + 2.5% in normoalbuminuria
(p = 0.28), and —17.9 £ 2.7% in microalbuminuria
(p = 0.001). Notably, patients with type 1 diabetes
without albuminuria exhibited myocardial systolic
function similar to healthy individuals. However, the
authors emphasized that the presence of subclinical
coronary artery involvement was not known. The
study did not examine long-term LV systolic function
in different patient groups.

In the study of Mihaela Berceanu, the main
objective was to study the right ventricle using
conventional echocardiography and speckle-tracking
echocardiography [27]. The study included 60 young
people diagnosed with type 1 diabetes mellitus at an
average of 9.7 +6.3 (2-27) years old, and a control
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group (n=90). The images and measurements obtained
from echocardiography were analyzed using the
special EchoPAC BT13 software. The study used
STEs to measure deformities in different segments of
the right ventricle (basal, middle, and apical), but no
significant differences were found in these deformity
measurements between the diabetic group and the
healthy group of individuals, indicating that the ability
of the heart muscle to contract was similar in both GLS
RV groups globally (%) -22.4+ 0.5, GLS RV free
wall (%) -26.4+4.3, GLS RV basal (%) —-25.5+4.9,
GLS RV mean (%) —28.7+4.6, GLS RV apical (%) —
25.3+6.03 segments. Conventional echocardiographic
parameters showed that in the group of diabetics, the
rates on the tricuspid ring (Et and At) and the Et/At
ratio of 0.9+ 1 were reduced compared to the control
group, which indicates an impaired ability of the right
ventricle to fill with blood (decreased diastolic function)
in young people with type 1 diabetes.
MAGYAR-Path study (analysis of the movement
of the heart and great vessels using 3D speckle tracking
echocardiography in various patients) [28]. Prospective
analysis of 17 patients with type 1 diabetes mellitus
who received insulin through a pump and were not
obese, mean age of 33.5 years, of which 8 were men.
20 healthy participants, were comparable in age and
sex, mean age — 36.9 years. In the course of the study,
various volumetric parameters of the LP were measured,
including maximum and minimum volumes, as well as
volume before atrial contraction. In addition, to assess
functional changes in the LP, such deformity parameters
as segmental circular deformity, basal longitudinal
deformity, and 3-D echocardiography of the atria were
analyzed, and healthy volunteers. Total atrial stroke
volume increased (23.6+6.9 mL vs. 19.6+4.6 mL,
p=0.04), while segmental circular deformity was
reduced (28.9% + 11.4% vs. 37.3% = 12.5%, p=0.04).
In particular, patients with type 1 diabetes had increased
LP volumes and altered deformity parameters, indicating
early LP remodeling in these patients. The study did
not include the assessment of clinical outcomes and
focused on echocardiographic parameters and did not
assess clinical outcomes such as the incidence of atrial
fibrillation or heart failure, which are important for
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understanding the clinical significance of LP dysfunction
in patients with type 1 diabetes.

Fridolfsson from the Department of Clinical
Physiology in Kalmar (Sweden) conducted a study
that included 43 people with type 1 diabetes recruited
from diabetes clinics and schools in Sweden, which
ensured that the control group was matched by age
and sex and 43 healthy people aged 10—30 years [29].
A significant negative correlation was found between
the average level of HbA1lc and PALS (peak atrial
longitudinal strain), left atrial conduit strain, which
indicates that better metabolic control is associated
with better left atrial function (r =—0.3, p < 0.05) and
conduit deformity (r =— 0.4, p < 0.05). However, the
higher left atrial stiffness found in young participants
with type 1 diabetes, may be associated with earlier
onset of disease in this group, and the results should be
interpreted with caution in the younger adult population.

Taghreed A. Ahmed and researchers found that
young adults with type 1 diabetes have early signs
of heart dysfunction even if they did not have any
symptoms, highlighting the importance of early
detection of symptoms of myocardial dysfunction
for timely correction [30]. The study involved 30
young patients with type 1 diabetes and 15 healthy
controls for a total of 45 participants. The diabetic
group consisted of 10 men and 20 women, with an
average age of 20.9 years, while the control group
consisted of 5 men and 10 women, with an average age
of 23.8 years. 2D speckle tracking echocardiography
(2D-STE) was used as the main diagnostic tool, which
revealed a significant decrease in the mean peak global
longitudinal deformity of the LV and the peak global
longitudinal deformity of the LP in diabetic patients
compared to non-diabetics, indicating early cardiac
dysfunction in the group of diabetics (15.8+6.8 and
23.9+2.7, respectively; P<0.001) and LV strain
rates using the Strain-Raine technique (19.7+5.4 and
23+2.7, respectively P<0.05). Although the study
assessed functional capacity using the treadmill test,
no significant differences were found between the
diabetic and control groups, which may indicate that
the test is not sufficiently sensitive to detect early
myocardial functional impairment.

CARDIOLOGY

The study by Berceanu M. included 50 adults
with type 1 diabetes and 80 healthy volunteers
[31]. The study showed that although the total
pumping capacity of the heart (ejection fraction)
was similar in the two groups, in the type 1 diabetes
group, the myocardial deformation properties in
different layers were reduced, indicating early
cardiac dysfunction of the GPD in the endocardium
and myocardial GPD (-20. + 2.7 vs. -22. + 2.3
and—18.0 + 2.4 vs.—19.1 + 1.9, respectively, p < 0.05)
compared to the control group. Measurements of
pancreatic deformity did not reveal significant
differences between the groups. Only those who had
been diagnosed with type 1 diabetes for at least one
year were included in the study, which means that the
findings may not apply to those who were diagnosed
with the disease within a shorter period or recently.
In this work, the researchers did not have data on
the presence and extent of albuminuria, a condition
that in previous studies was strongly correlated with
global longitudinal deformity, which did not allow an
assessment of the effect of albuminuria on myocardial
deformation properties.

Jedrzejewska Ip study included 50 young adults
with type 1 diabetes and 50 healthy adults of the same
age as a control group to compare heart function between
the two groups [32]. They specifically measured left
ventricular global longitudinal deformity (LV GPD), left
ventricular global circular deformity (LV GCD), basal
left ventricular radial deformity (LV-basal GRD), and
right ventricular free wall global longitudinal deformity
(RV GPD) to assess the heart’s pumping capacity. On
the day of the echocardiography, blood samples were
taken to measure NT-proBNP, glycated hemoglobin
(HbA1c), and microalbuminuria, which are indicators
of cardiac workload, blood sugar control, and kidney
function, respectively. Multivariate logistic regression
analysis showed that the only dependent predictor of LV
GPD reduction was low-density lipoprotein [odds ratio
3.65 (95% confidence interval: 1.27-10.5), P 1/4 0.014]
LV GPD (220.3 + 2.0% vs. 222.2 + 1.8%, P, 0.001),
LV HCD (221.1 + 2.5% vs. 222.2 + 2.4%, P, 0.05),
LV-basal GD (50.5% + 11.5 vs. 57.1% +17.0, P, 0.05),
and RV GPD (230.1% + 3.5 vs. 232.7% + 3.9, P, 0,01).
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A study by Bogdanovi¢ J. included asymptomatic
patients with diabetes mellitus without cardiovascular
disease, divided into three groups: acute hyperglycemia
(group A), optimal metabolic control (group B), and
healthy control (group C) [33]. The study included
three groups: Group A — 67 patients with acute
hyperglycemia, Group B — 20 patients with optimal
metabolic control, and Group C — 20 healthy
individuals as controls. Group A had significantly
higher blood glucose levels (22.5 + 1.1 mmol/L)
compared to Group B (5.8 £ 0.2 mmol/L) and Group
C (5.1 £ 0.1 mmol/L). The 2D-STE was used to assess
global and regional left ventricular (LV) function by
multilayer strain analysis, including global longitudinal
deformity (GPD) and peak systolic longitudinal and
circular deformity in different myocardial layers
(endocardial, myocardial medial, and epicardial)
The study showed that the global longitudinal
deformity in patients with acute hyperglycemia
(group A) (—19. 6 £0.4%) was significantly lower
compared to patients with optimal metabolic control
(group B (-21.3+0.4%; p <0.05)) and healthy subjects
(group C (-21.9 = 0.4%; p<0.01)) at baseline,
suggesting impaired cardiac function in group A. Peak
systolic longitudinal deformity in the endocardial
(Endo), myocardial (Myo), and epicardial (Epi) layers
was significantly lower in group A compared to group
B and group C at baseline, This indicates the effect of
acute hyperglycemia on all layers of the heart muscle.
Group A had lower peak systolic longitudinal deformity
in the endocardial (—22.8 £ 0.4%), myocardial
(-19.7£0.3%), and epicardial (-17.4+0.3%) layers
compared to groups B and C. A marked worsening of
peak systolic circular deformity in the basal level of
the left ventricle in all three layers (Endo, Myo, and
Epi) and at the mean level in the cavity in the Epi layer
in group A compared to group C indicates that acute
hyperglycemia also affects the circular contraction
of the heart muscle. Despite achieving normal
blood glucose levels (euglycemia) after 72 hours of
continuous insulin treatment and maintaining good
glycemic control for three months, global longitudinal
strain and peak systolic longitudinal and circular
torsion did not improve in group A, suggesting that
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the negative impact of acute hyperglycemia on cardiac
function is not reversible within three months.

The investigation conducted by Hajdu et al in the
Heart Institute at the University of Pécs encompassed
a cohort of 70 asymptomatic individuals diagnosed with
type 1 diabetes mellitus (T1DM), with a mean age of
38.2 years and a demographic composition comprising
46 females [34]. Furthermore, the study incorporated
30 healthy volunteers to facilitate comparative
analysis. The methodology employed for participant
selection in this study is not explicitly articulated in
the available documentation; nonetheless, it may be
deduced that the patients were chosen based on their
T1DM diagnosis and their asymptomatic condition,
while the healthy volunteers functioned as a control
cohort. The primary aim of the study was to elucidate
the effect of current HbA1lc levels on left ventricular
global longitudinal strain (GLS), circumferential
strain (GCS), and atrial strain parameters, in addition to
evaluating the impact of age and hypertension on these
associations. The findings of the study indicated that
the quality of glycemic control, as evidenced by HbA1c
levels, exerts a significant influence on myocardial
mechanics in asymptomatic patients with type 1 diabetes
mellitus (T1DM). In particular, a current HbA1c level
emerged as an independent predictor of left ventricular
global longitudinal strain (GLS), circumferential
strain (GCS), and atrial strain parameters. Patients
exhibiting HbA1c levels exceeding 7.4% demonstrated
compromised myocardial mechanics, whereas those
with HbA1c levels at or below 7.4% and without
hypertension presented echocardiographic results akin
to those of healthy volunteers.

The investigation conducted by Abdel-Salam et al.
sought to examine the preliminary alterations in regional
left ventricular systolic and diastolic performance
in young asymptomatic individuals diagnosed with
type 1 diabetes mellitus, utilizing speckle-tracking
echocardiography (STE) as the evaluative tool [35].
The study incorporated a cohort of 60 subjects,
comprising 30 normotensive asymptomatic individuals
with type 1 diabetes mellitus (DM) aged 40 years or
below, alongside 30 age-matched healthy controls.
The participant selection process was predicated
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on specific inclusion criteria: individuals needed to
have a diabetes duration exceeding 5 years and a left
ventricular ejection fraction of 50% or more, thereby
ensuring a comparably homogenous cohort for analysis
relative to the control group. The research aimed to
compare the myocardial deformation metrics of
the diabetic population against those of the healthy
controls to discern any statistically significant variances
in cardiac functionality, with particular emphasis on
global longitudinal systolic strain and strain rates. The
investigation evaluated early alterations in regional left
ventricular functionality in young asymptomatic patients
with type 1 diabetes mellitus employing speckle-tracking
echocardiography. The findings elucidated that global
longitudinal systolic strain and strain rate were markedly
diminished in the diabetic cohort in comparison to their
healthy counterparts (-17.7£2.5% vs.-21.2+1.7%,
P<0.001;-1.1£0.2 vs.-1.3£0.2 s-1, P=0.003).
Furthermore, diastolic function exhibited impairment
as evidenced by conventional echocardiography and
tissue Doppler imaging, underscoring the presence
of early cardiac dysfunction within this demographic.

The investigation conducted by Ringle et al
evaluated the long-term progression of left ventricular
performance in asymptomatic individuals diagnosed
with type 1 diabetes mellitus, employing both 2D and
3D speckle tracking echocardiography across a duration
of six years [36]. At the initial assessment, the diabetic
cohort demonstrated compromised longitudinal function,
evidenced by a statistically significant reduction in
both 2D-global longitudinal strain (GLS) and 3D-GLS
relative to the control group. Subsequent evaluations
indicated a slight deterioration in longitudinal function
over time; however, no clinical indications of heart
disease were detected, as there were no registered
fatalities or instances of heart failure. The research
encompassed a total of 66 asymptomatic individuals with
type 1 diabetes lacking any cardiovascular risk factors,
juxtaposed with 26 appropriately matched healthy
controls, thereby constituting a comprehensive sample
size of 92 participants. The sampling methodology
entailed a comparative analysis between the diabetic
individuals and healthy controls, with a subset of 14
diabetic patients undergoing a longitudinal follow-
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up evaluation spanning six years to investigate the
long-term changes in left ventricular function. The
investigation established that asymptomatic type 1
diabetic patients demonstrated diminished longitudinal
function as assessed by both 2D and 3D speckle
tracking echocardiography at the baseline, revealing
significant disparities in global longitudinal strain (GLS)
when contrasted with the matched healthy controls.
Over the six-year follow-up period, a modest decline
in longitudinal function was observed among the
diabetic patients, suggesting a progression towards
subclinical myocardial dysfunction. Notably, despite the
documented reduction in longitudinal function, the study
found that global circumferential strain (GCS) and radial
strain (GRS) exhibited stability throughout the study
duration. Furthermore, the metabolic status displayed no
correlation with GLS; however, GCS and GRS exhibited
a compensatory enhancement in function among
patients with prolonged diabetes and microvascular
complications, indicating potential adaptive mechanisms
in response to the pathophysiological condition.

The principal aim of the investigation conducted
by Zheng Li is to examine the utilization of the three-
dimensional speckle tracking imaging technique
(3D-STI) for the assessment of left ventricular systolic
function (LVSF) in individuals diagnosed with diabetes
mellitus (DM) [37]. The research endeavors to perform
a meta-analysis to quantify myocardial function in
patients with DM by juxtaposing myocardial strain
measurements acquired via 3D-STI against those of
a control cohort. The demographic sample encompassed
970 participants sourced from 9 distinct studies that
were subjected to analysis in the meta-analysis. The
sampling methodology entailed the extraction of
electronic databases from the earliest available date up to
29 April 2023, albeit specific information regarding the
sampling techniques employed in the individual studies
remains unspecified. The findings of the study indicated
that, although there was no statistically significant
difference in left ventricular ejection fraction between
diabetic individuals and control subjects (P > 0.05),
notable disparities were observed in myocardial strain
metrics, encompassing global longitudinal strain, global
circumferential strain, global radial strain, and global
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area strain, all exhibiting significant variations (all
P < 0.05) between the two groups. The investigation
concluded that the three-dimensional speckle tracking
imaging technique (3D-STI) demonstrates efficacy
in precisely quantifying early left ventricular systolic
function impairment in patients with diabetes
mellitus, underscoring its potential utility for the early
identification of diabetic cardiomyopathy.

Conclusion

Speckle tracking echocardiography (STE) has
become a valuable imaging tool for assessing myocardial
function in cardiology, especially in patients with
diabetes mellitus. By providing an accurate assessment
of myocardial deformity using the STE technique,
this study allows for an objective assessment of the
deformity properties of the various layers of the heart,
which makes it possible to detect subclinical myocardial
dysfunction early and monitor the progression of this
dysfunction over time. However, the significance of
subclinical lesions detected by STE in patients with
diabetes mellitus is not completely clear in practical
terms for doctors, which suggests the need to obtain
more convincing evidence for the early detection of
subclinical myocardial dysfunction and its further impact
on the strategy and results of treatment of patients with
type 1 diabetes mellitus. Further research focusing
on long-term outcomes and identifying the potential
benefits for patients from using the STE technique
will help find common ground between researchers
and clinicians.
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BO3MOXXHOCTb UCNOJIb30BaHUSA METOANKU CNEKN-TPEKUHT
Nnpu NpoBeAeHUN aXoKapauorpadumn y naLueHToB
C caxapHbIM fguabeTom: cucTteMaTUJYecKum 063op

X.M. AdayxabbopoB = P.JI. Ammap , E.A. Tepemenko , JK./I. KobaaBa

! Poccutickuii yHUBepcuTeT py»X0Obl HapooB uMmenu Iarpuca Jlymymo6sl, 2. Mockea, Poccutickass @edepayust
><11142230152@pfur.ru

AHnHoTanus. JXoKapauorpadus ¢ 0TCIeKUBAaHUEM CIIEKJIOB, CBU/IETE/ILCTBYET O 3aMETHOM Tporpecce B 00/1aCTh HEMHBA-
3WBHOM BH3yanu3aluy cep/ria, obneryatoiieii orieHKy edopMariid MUOKap/a B pa3/IMuHbIX TIPOCTPAHCTBEHHBIX TJIOCKOCTSIX.
OTOT MHHOBAL[MOHHBIN METO/, IPEBOCXOUT TPaJULIMOHHBIE 3XOKapAuorpaduueckue roKa3aTesy, Takue Kak ¢pakius BeiOpoca
JIEBOTO JKeJTy/I0UKa, U M03BOJISIET BBISIB/ISITL CyOKIMHIUECKYHO JUCHYHKIMIO MUOKap/ja Ha paHHUX ctagusix. Ocoboe BHUMaHHe
yAensieTcs: 3HaueHUI0 17100aIbHOM Mpo/o/ibHOM AedopMatiun (GLS) Kak BLICOKOUYBCTBUTE/TBHOTO OMOMapKepa, YKa3bIBaloIero
Ha PaHHIOK CUCTO/TMUECKYIO HeZI0CTaTOUuHOCTh, KMHMUecKast 3HaUMMOCTD OL|eHKU CYOKJTMHHUYeCKOHM TUC(YHKIMM MHUOKapAa
0C06eHHO BBIpa)keHa Y JIL] ¢ caxapHbiM auabetom 1 tuma (CI1). 3ta semorpadurueckas rpymra XapakKTepu3yeTcs TOBBIIEHHON
CKJIOHHOCTBIO K Pa3BUTHIO CepPAEeYHO-COCYAUCTBIX OC/I0KHeHUH. MHOTrounCcIeHHbIe NCCIe[I0BaHuUs TI0Ka3bIBatoT, uTo STE
TI03BOJISIET BLISIB/ISITH aHOMaJIMHU AiehopMaliii MUOKap/a y MaljueHToB C ArnabeToM 3a/10/r0 /10 MOSIBJIEHUs SIBHBIX CeP/IeUHbIX
TIPOSIB/IEHUH WK CHIDKeHUsE ypoBHsI JIBO®. 3To criocobCcTByeT CBOEBPEMEHHOMY BBISIB/IEHHIO TUabeTHUe KON KapIMOMHUOTIATHH,
y/yullaeT MOHUTOPHHT TepareBTHUeCKUX PeaklUi U MO3BOJIsIeT MPOBOAUTL CTPAaTU(HUKALIMI0 PUCKOB Ha OCHOBE TaKMX MOKa3a-
Tesel, Kak ypoBeHb [ JIC u nipesicepiHOe HamnpsbkeHYe. Bbigoobi: Criek/ TpeKUHT 3X0KapArorpadusi CTaHOBUTCS He3aMeHUMbIM
WHCTPYMEHTOM B COBPEMEHHOU Kap/IUoI0rvu, 0COOEHHO /1J1s TalMeHTOB C J1abeToM, TTIOCKOJIBKY OHU TIO3BOJISIIOT BBISIBUTh
HIOAHCHI JUC(YHKIIMM MUOKAap/a, 4acTo yIyCcKaeMble U3 BU/Y TPaAWULIMOHHBIMU MeToZaMu. TeM He MeHee, IOTIO/THUTe TbHbIe
TIPOCTIEKTUBHBIE UCCIIe/IOBAaHUS], OPHEHTHPOBAHHbIE Ha pe3y/ibTaThl, He0OX0UMBI 1711 000CHOBaHHSI TPOrHOCTUYECKOW 3HAYUMOCTH
Triperniapara 1 ero 3¢ ¢eKTUBHOTO BHeJpeHHs B CTaHJAPTHYIO KIMHUYECKYFO MPAKTHKY.

KiroueBble €/1I0Ba: CIT9K/ TPIKUHT 3X0KapAuorpadusi, rnobanbHas MpojosibHas AedopMalys MUOKap/a, AuabeTnyeckast
KapJMOMHOTaTus, CyOKIMHUYeCKast AUCHYHKIUS MUOKap/ia

Nudopmarius o prHAHCHPOBAHMY — HaCTosAIIlee UCC/IeJOBaHKE He TIONYyYr/I0o BHelltHero ¢hMHaHCHUPOBaHHUS

BkJiag aBropoB. X.M. AGzy»ab00poB — NOJATrOTOBKA TEKCTa CTaThH, y4acTHe B 00CY)KieHnU MaTtepranoB crarby; P.JI. AMmap —
TIO/ITOTOBKA TEKCTA CTaTbH, y4acTHe B 00CYy»KAeHNH MaTteprasoB cTathy; E.A. TepelleHKO — MOJrOTOBKA TEKCTa CTaTb, aHaN3
u fononHeHue Tekcta cratby; JK.[I. KobasnaBa — dhopMynvpoBaHre 0CHOBHOM KOHLIETLIUU CTaThbH, HAYUYHOE PelaKTUPOBaHUe
TeKcTa. Bce aBTOpHI BHEC/IM 3HAUMTE/bHBIN BK/IaJ, B IOATOTOBKY PYKOIHCH, IPOUMTAJIN U YTBEDAWIN OKOHUATeTbHYI0 BEPCHI0
niepes; myO/IuKaLyen.

HNudopmanys o KOHQUIMKTe HHTEPeCcoB. ABTOPHI 3asiB/ISTIOT 00 OTCYTCTBUM KOH(JIMKTa HUHTEPECOB.

JTHUecKoe YTBep)KAeHne — He[IPUMEeHUMO.

BiarogapHocTH — HElIPUMEHUMO.

HNudopMupoBaHHoe coryiacue Ha MyOIMKaLUI0 — HEPUMEHHMO.
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Oxidative stress and antioxidant defense system
in atherosclerosis and diabetes mellitus type 2

Victoria Karyagina®? = Dmitry Prutskikh?

Polina Vishnyakova®? ', Andrey Elchaninov?*3
'National Medical Research Center for Obstetrics, Gynecology and Perinatology named after Academician V.I. Kulakov,
Moscow, Russian Federation
Research Institute of Molecular and Cellular Medicine, RUDN University, Moscow, Russian Federation
3Avtsyn Research Institute of Human Morphology of Petrovsky National Research Centre of Surgery, Moscow, Russian
Federation
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Abstract. Relevance. Cardiovascular diseases are the leading cause of death, and the current therapy is imperfect, as it
has many side effects, and is ineffective for about a third of patients. In this review, we consider the role of oxidative stress in
diseases of atherosclerotic genesis, such as type 2 diabetes mellitus and coronary heart disease. The key targets for molecular and
cellular therapy of oxidative stress in diseases of atherosclerotic genesis can be, firstly, receptors localized on the cell membrane,
the binding of which to the end products of glycolysis and proinflammatory interleukins leads to the activation of inflammatory
cascades; secondly, antioxidant molecules, the content of which must be maintained at an optimal level both by alimentary
and local infusion. Since the processes of 3-cell damage and death are in most cases mediated by the activity of the NLRP-3
inflammasome, it is necessary to study possible ways of destabilizing this protein complex, which help prevent the maturation
and secretion of interleukins-1f3 and —18. Conclusion. In addition to direct treatment, careful monitoring of biochemical markers
signaling the onset of a pathological process is required, a tool for which can be tests for determining the antioxidant status. In
addition, it is recommended to promote a healthy lifestyle among individuals prone to diabetes mellitus 2 and cardiovascular
diseases, consisting of reducing the consumption of foods rich in fats and carbohydrates (in parallel with enriching the diet with
fiber-rich, vitamins and preventing oxidative stress), increasing beneficial physical activity and quitting smoking.

Keywords: atherosclerosis, diabetes mellitus type 2, ischemic heart disease, oxidative stress, macrophages, reactive oxygen
species, interleukins
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Introduction

Cardiovascular diseases of atherosclerotic
genesis continue to occupy a leading place in the
structure of mortality among non-infectious diseases
of humans. In this regard, the study of new risk
factors for the development of atherosclerosis and its
complications does not lose its relevance. Mortality
from atherosclerosis has long been the leading cause
of death in the world and, despite all the achievements
of modern medical practice, these statistics remain [1].
According to the definition of experts from the World
Health Organization (WHO), «atherosclerosis is
a variable combination of changes in the intima of
the arteries, including the accumulation of lipids,
lipoproteins, complex carbohydrates, fibrous tissue,
blood components, calcification and associated
changes in the middle layer (media) of the vascular
wall». Epidemiological studies have shown that
atherosclerosis is a complex multifactorial disease
underlying most of the circulatory system ones,
including coronary heart disease (CHD) and its forms:
angina pectoris, myocardial infarction, sudden death;
cerebrovascular diseases or vascular [2]. Mortality
from them has long been the number one cause in
the world and, despite all the advances in medicine,
this deplorable statistic remains unchanged. In recent
years, the incidence of atherosclerosis has reached
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alarming proportions, surpassing such causes as
injuries, infectious diseases and oncological diseases
in terms of the risk of developing loss of ability to work,
disability and mortality [3]. The number of deaths due
to cardiovascular diseases is approximately 17.9 million
per year, according to WHO [4]. In 2010 alone, global
costs for cardiovascular disease were $863 billion and
are expected to increase by 22% by 2030 [5].

In the last few years, special interest of researchers
has been focused on the free radicals’ role in these
pathologies [6]. Free radicals have a short lifetime:
superoxide anion radical, 10-° sec; hydroxyl radical, 10-°
sec; hydroperoxide radical, 10~'? sec. The superoxide
anion radical is the initial product of the oxygen
molecule activation, likewise the source of other reactive
oxygen species (ROS) forming, notwithstanding its
relative inactivity. The hydroperoxide radical (HO2) is
more damaging than the superoxide anion radical [7].
In cells, the main damaging agent is OH-~. It can
break covalent bonds such as C — H and C—C.
Currently, the term «ROS» includes both oxygen
radicals and non-radical molecules, which can be
easily converted into free radicals. With regard to
active nitrogen species, these include molecules formed
from NO, such as peroxynitrite (ONOO-), nitrosyl
radical (ONOO"), and nitrogen dioxide (—ON-) and
nitrogen dioxide (NO,) [7, 8].
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Oxidative stress is manifested by the accumulation
of lesioned DNA nitrogenous bases, protein oxidation
products and lipid peroxidation, as well as decreased
antioxidant levels and the associated increased
susceptibility of lipids alongside with membrane
lipoproteins to the ROS effect [9]. Most often,
oxidative stress occurs when antioxidant defense
systems fail to fully cope with the influx of free
radicals that are generated during cellular metabolism
for some reasons [10].

Many cells of macrophage and monocyte origin
come as ROS sources in the body [11]. A superoxide
anion formed in phagocytes and smooth muscle cells
of blood vessels causes very low density lipoproteins
(VLDL) to oxidate [12]. Hence, oxidatively modified
LDL may cause unregulated cholesterol accumulation in
macrophages, which initiates the atherosclerotic lesions
development. Albeit, the leading role in atherogenic
oxidative modification of LDL is played not by the
acylhydroperoxides accumulation in phospholipids
located on the LDL particles’ outer layer, but by
chemical modification of the only LDL protein, i.e.
apoprotein B-100, which free radical oxidation of lipids
secondary products, such as 4-hydroxynonenal, malonic
dialdehyde and other natural dicarbonyls, trigger. In
numerous studies investigating LDL oxidation in vitro,
LDL from patients with CHD, coronary heart disease,
or type 2 diabetes mellitus (T2D) have been shown to
be more susceptible to oxidation compared to LDL
from healthy donors [13].

In this review, we consider the role of oxidative
stress in diseases of atherosclerotic genesis, particularly,
CHD and T2D.

Epidemiology of atherosclerosis
and type 2 diabetes mellitus

DM is a group of pathologies of carbohydrate
metabolism, the main feature of which is chronic
hyperglycaemia resulting from insulin secretion and
action defects or a combination of both. The metabolic
abnormalities seen in diabetes may be caused by a low-
levelled insulin production and/or insulin resistance
of target tissues. The disease affects primarily skeletal
muscle and adipose tissue, but also the liver at the
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insulin receptors level, signal transduction systems,
effector enzymes or genes [14]. There are three main
types of DM: T1D, T2D and gestational DM. T2D is
the most common one, accounting for about 90-95%
of all diagnosed DM cases [15].

T2D is a major global health problem in the 21st
century. The International Diabetes Federation estimates
that 9.0% of adults aged 20 to 79 years (415 million
people) have diabetes, and this figure is projected to
reach 642 million adults by 2030[16]. However, the
statistics of many countries take into account only
patients on dispensary observation, while according
to epidemiological studies the number of people with
this disease may be exceeded several times over[17].
DM is an independent risk factor for cardiovascular
disease in both men and women. This information is
consistent with well-known studies such as MRFIT
(Multiple Risk Factor Intervention Trial) [18]. The
large number of adverse cardiovascular outcomes
in diabetes is explained by the accumulation of risk
factors such as, for example, heart muscle damage,
diabetic cardiomyopathy, macro- and microvascular
complications of diabetes [19].

Reduced cell sensitivity to insulin leads to lipid
profile abnormalities, namely a significant increase
in blood lipid levels after meals [20]. There is
a concept in the literature called ‘lipid triad’, which
is characterized by elevated triglycerides, low
cholesterol, high-density lipoprotein (HDL) and
increased LDL levels [20].

Hyperlipoproteinaemia, especially hypertrigly-
ceridaemia, tends to occur in diabetic patients. LDL
particles undergoing non-enzymatic glycosylation due
to high blood glucose levels in diabetes are rapidly and
intensively phagocytized by macrophages, thereby
stimulating atherogenesis. Hyperinsulinaemia causes
vascular endothelial damage. Hyperglycaemia leads
to multiple biochemical changes such as glycosylation
of proteins in arterial walls, which contributes to the
development of diabetic atherosclerosis. The non-
enzymatic reaction between glucose and arterial wall
proteins leads to the glycation end products formation
[21]. In addition, hyperglycaemia increases the ROS
formation, inhibiting the production of endothelial
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nitric oxide, a potent vasodilator and platelet activation
regulator [14].

The aforementioned factors lead to diffuse
generalized vascular endothelial dysfunction, adhesion
of circulating monocytes to the endothelium and
increased propensity to thrombosis [22].

It follows that the accumulation of risk factors,
such as cardiac muscle damage, macrovascular and
microvascular diabetic complications, increases the
adverse cardiovascular outcomes likelihood in people
with DM.

Oxidative stress definition
and mechanisms

Oxidative stress was first defined in 1985 by
biochemist H. Sies, who formulated it as «a disturbance
in the prooxidant-antioxidant balance in favor of the
former, leading to potential damage» [23]. H. Sies
provides a table (expanded in subsequent publications)
of the main ROS, which includes oxygen ions, free
radicals, peroxides of inorganic and organic origin:

1. Superoxide anion: an ion of an oxygen molecule
that has one unpaired electron;

2. The perhydroxyl radical: the protonated form
of superoxide, which has greater solubility in fats;

3. Hydrogen peroxide formed by dismutation from
the perhydroxyl radical, or directly from molecular
oxygen;

4. Hydroxyl radical most commonly produced
by macrophages and microglia; exhibits significant
reactivity;

5. Alkoxyradical: an oxygen-centred organic (e.g.
lipid) radical;

6. Organic hydroperoxides including hydro-
peroxides formed from polyunsaturated fatty acids
and sterols (e.g. cholesterol) enzymatically or non-
enzymatically (e.g. via lipid oxidation);

7. Peroxyradical formed from organic hydro-
peroxides by hydrogen scavenging;

8. Singlet oxygen: the common name for two
metastable states of molecular oxygen with higher
energy than the ground, triplet state;

9. Excited carbonyl compounds formed from
ethylene glycol as an intermediate product;
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10. Ozone: a very reactive oxygen form, posing
a health hazard in oxidative stress affecting lungs and
other vulnerable tissues;

11. Chloronic acid and bromonic acid produced
from hydrogen peroxide by myeloperoxidase within
the phagocytic vacuoles of neutrophils [24].

It is important to note that ROS concentration
may change under certain circumstances since they
are constantly both produced and eliminated, therefore
it should be remembered as a dynamic parameter, so
steady-state ROS concentrations should be analyzed
first and foremost. Thus, in 2011, V.I. Lushchak
offered the following definition: “oxidative stress is
a situation when steady-state ROS concentration is
transiently or chronically elevated, disturbing cellular
metabolism and its regulation and damaging cellular
constituents” [25]. However, as indicated below, it did
not fully reflect the pathology’s essence, so it has been
further supplemented. ROS act not only as harmful
agents, as they are also involved in a few processes
occurring within the framework of normal physiology.
Hence, they play a role in the development, activation
and apoptosis of T-lymphocytes [26]. In addition, it
has been shown that ROS are capable of behaving as
signaling molecules involved in mitohormesis, i.e.
their moderating effects on mitochondria, which, by
essentially putting them under stress, trigger a wide
range of cytosolic and nucellar adaptive responses
designed to develop resistance to higher levels of
mitochondrial stress, with positive effects on health
and longevity [27].

Based on recent data, in 2021 V.I. Lushchak together
with K.B. Storey proposed the most modern version of
the definition of oxidative stress, according to which
«oxidative stress is a transient or long-term increase of
steady-state ROS levels, disturbing cellular metabolic
and signaling pathways, particularly ROS-based ones,
and leading to oxidative modifications of an organism’s
macromolecules that, if not counterbalanced, may
culminate in cell death via necrosis or apoptosis» [28].

The intracellular ROS sources are well known: one
of them are peroxisomes containing a variety of enzymes
associated with the hydrogen peroxide metabolism,
which are necessary for xenobiotics detoxication and
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utilization. In mammals, these organelles are involved
in a lot of metabolic reactions, such as fatty acids a- and
[-oxidation, amino acids catabolism, and the oxidative
step of the pentose phosphate pathway, whereas ROS
are by-products of these chemical processes. Thus,
hydrogen peroxide is produced predominantly by
flavoproteins, e.g. acyl-CoA oxidases, uratoxidases,
D-aspartate oxidase, xanthine oxidase (potentially also
a source of superoxide anion), etc. [30].

In addition to peroxisomes, similar processes are
observed in the agranular endoplasmic reticulum. It
contains cytochrome P,_, a broad group of haemoprotein
monooxygenases that perform substrate oxidation
necessary for the neutralization of poisons and drugs,
as well as biosynthesising sterols, fatty acids, eicosanoids
and vitamins. The catalytic cycle of cytochrome P450
proceeds as follows: the initial step of the reaction is
the substrate (R-H) binding with the haemothiolate
group iron (Fe*"). The iron of this group is then reduced
from Fe®" to Fe** through one-electron reduction by P,
NADHD cytochrome reductase, facilitating oxygen-iron
binding. Then, cytochrome-P,, -reductase reduces the
Fe*-O, complex with the addition of a second electron,
activating the oxygen in it (Fe**-O,"). Addition of two
protons (H") cleaves the O-O and releases H,O. Next, the
FeO* complex cleaves a proton from the substrate (R),
leaving the reactive intermediate RFe.>*OH". Further, the
hydroxyl group is transferred to the substrate radical with
the oxidized substrate being released in progress [31].

Previously, it was assumed that these cytochromes
are capable to produce ROS directly [32]. However, it is
now believed that there are two shunts in their catalytic
cycle, the so-called ‘reaction decoupling’, because
of which free radicals are produced when substrate
oxidation is not yet complete. The degree of dissociation
efficiency depends on many factors: pH, oxygen content
in the medium, substrate concentration, as well as on
the structural differences in the binding sites of certain
cytochrome isoforms [33].

In the cell, the key ROS source is the mitochondrial
respiratory chain. The primary ROS produced in
mitochondria through univalent autoxidation of electron
carriers is superoxide anion. It undergoes conversion
to hydrogen peroxide via superoxide dismutase (SOD)
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activity. The peroxide, in turn, is converted to a hydroxyl
radical by the Fenton reaction [34].

The primary mitochondrial ROS formation cites are
located in respiratory complexes I and III. Complex I
transfers two electrons from NADH to ubiquinone,
pumping four protons into the intermembrane space.
Located at the hydrophilic site, flavin mononucleotide
(FMN) forms FMNH?2 by accepting two electrons
derived from the oxidation of NADH, which is generated
in the tricarboxylic acid cycle in the mitochondrial
matrix. The electrons then pass through a series of iron-
sulfur clusters arranged from low to high potential
and reduce ubiquinone to ubiquinol (QH2) at the Q
binding site, which is located at the junction of the
membrane and matrix arms. During this process, mtROS
can be produced in the matrix by complex I at both
the IF (flavin mononucleotide site) and I1Q (Q binding
site) sites. In addition, complex I produces mtROS via
reverse electron transfer from QH2 to NAD* [35].

Complex III is the general site of ROS generation
in the electron-transport chain. Most of the superoxide
in complex III is formed as a result of autoxidation of
ubisemiquinone, an intermediate product produced
in complex III during the Q-cycle. Ubisemiquinone
has been shown to be the major direct electron donor
capable of reducing O2 to superoxide [35].

Complex II produces ROS at the IIF site, associated
with succinate dehydrogenase. Under normal conditions,
the level of ROS produced by it is insignificant, but
the increase in the number of free radicals observed
in diseases associated with mutations of complex II
is chiefly due to the IIF site. The study of isolated
mitochondria from rat skeletal muscle also showed
that the maximum degree of ROS production by the
ITF site is very high, and is second only to the IT1IQo
site and, possibly, the IQ site [36].

It is also known that ROS are formed during
the activity of immune cells. Neutrophils have been
found to have NADPH-oxidase on their plasmalemma
(as well as on the membrane of their own phagosomes).
In resting cells, it stays in a dormant state, but is
activated in response to pro-inflammatory mediators, the
presence of microorganisms and/or pattern recognition
receptors. NADPH oxidase consists of six subunits:

KAPOMOJIOT A



Karyagina VY et al. RUDN Journal of Medicine. 2025;29(2)

gp91phox, p22phox (at rest composing a heterodimeric
flavocytochrome b558, the catalytic core), p40phox,
p47phox, and p67phox coupled to a GTPase, usually
Racl or Rac2. The functions of the subunits are as
follows: gp91phox is an electron transferase: its
cytosolic domain accepts electrons from NADPH
and transfers them across the membrane to molecular
oxygen, producing superoxide anion; p22phox functions
as a binding site for a regulatory trimeric complex of
the remaining subunits located in the cytosol of the
resting cell, which interact with p47phox. Separation
of the oxidase complex components into two groups
and their distribution between different subcellular
compartments prevents spontaneous activation and
potential damage in the resting host cell.

Being activated, NADPH oxidase catalyzes the
transfer of electrons from NADPH to molecular
oxygen, producing superoxide anions as the main
product. To minimize damage, cells are equipped with
antioxidant enzymes such as SOD and catalase. SOD
and glutathione peroxidase can further convert these
forms to water, which limits the extent of damage to
the cell. On the other hand, superoxide anion may be

converted into other ROS, potentially damaging nucleic
acids, proteins and cell membranes. Myeloperoxidase
(MPO) localized in granules can convert hydrogen
peroxide into hydrochloric acid, enhancing the body’s
clearance of invading pathogens. MPO can also
directly convert superoxide anion to singlet oxygen.
In addition, the conversion of superoxide anion and
hydrogen peroxide to hydroxyl radical is also carried
out by iron (Fig. 1) [37].

ROS actively react with the most important classes
of biomolecules, lipids, proteins and nucleic acids. The
target of free radicals are lipids with double carbon
bonds, especially polyunsaturated fatty acids. These
reactions pose a threat to the cell membrane: lipid
peroxidation processes are accompanied by disruption
of the interaction between MPO and polar heads of
phosphoglycerides, in this connection the ability of
phosphatidylcholine of liposomes to convert HOCl/
ClO™ into less toxic and not initiating lipoperoxidation
reactions HO,CI/CIO,” was found, at the same time,
HOCI/CIO-, with the participation of MPO, implements
low-density lipoproteins and phosphatidylcholine
interaction, activating the atherosclerotic effect [38].

Fig. 1. Mechanisms of ROS formation during NADPH oxidase activity: a superoxide radical produced by NOX during NADPH
oxidation is ultimately conversed into other ROS, such as hydroxyl radical, H,0, and singlet oxygen by contact with iron ions,
SOD and MPO (NOX — NADPH oxidase, SOD — Superoxide dismutase, MPO — Myeloperoxidase)
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Free radicals are able to carbonylate proteins by the
following mechanisms: direct oxidation of the primary
structure of the polypeptide leading to its shortening;
oxidation of side chains by lysine, arginine, proline and
threonine; interaction of amino acid residues of histidine,
cysteine and lysine with aldehydes formed during, e.g.,
lipid peroxidation; non-enzymatic glycosylation of
lysine residues with Amadori and Heyns rearrangements
leading to the formation of glycolysis end products.
Carbonylated proteins are generally catalytically less
active, less thermostable [39]. Carbonylation disrupts
cytoarchitectonic and cell division: thus, direct oxidation
by 4-hydroxynonenal affects the structural protein
vimentin, actin and tubulin.

When DNA is damaged, free radicals attack either
the furanose ring of deoxyribose or oxidize the bases
themselves. In the former case, interaction with the
C-4 position is most common [40]. When the hydrogen
of a given atom is accepted by the free radical, the
ring becomes capable of reacting with the oxygen in
the medium, transforming first into a peroxyl radical
and then a hydroperoxyl radical. The latter undergoes
a Criegee rearrangement to become a carbocation,
whereby the ring becomes six-atomic and is stabilised
by delocalization of charge to two adjacent oxygen
atoms, leading to the formation of an oxonium cation.
It undergoes dehydration and the ring opens to form
an enamine derivative, which becomes an unsaturated
imine on loss of the phosphoric acid residue. With water
being added to carbon, a hydroxyacetal derivative is
formed, fragmenting next into an acrylaldehyde base. In
a low oxygen environment, the original radical becomes
an oxonium cation and nucleophilically attacked by
a water molecule, and then decomposes into a free base
and various fragments [41].

As for the interaction of free radicals with bases,
8-OH-deoxyguanosine (8-OH-dG) is considered as
a biomarker for atherogenic diseases developed against
the background of oxidative stress. When this base
interacts with a hydroxyl radical, the latter attaches to
the C8 position in the guanine molecule to form 8-OH-
G-radical, (G-OH)*, which is converted into 8-OH-
dG after the loss of another electron and proton [42].
Its high concentration in plasma has been shown to
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indicate high mortality in patients with cardiovascular
disease, obesity, atherogenic dyslipidaemia, and insulin
resistance [43].

The understanding of the basic processes of
oxidative stress is constantly evolving since free radicals
are an integral part of human physiology. Formed by
a variety of metabolic reactions and interacting with
a wide range of biologically important molecules in the
body, they can pose a serious threat if their concentration
remains high.

Oxidative stress, antioxidant system
in CHD and T2D

The human antioxidant defense system is
represented by the specialized enzymes discussed above.
These include SOD, catalase, glutathione peroxidase,
glutathione transferase, haem-containing peroxidases,
ceruloplasmin, as well as non-enzymatic compounds
of different chemical nature. To the latter compounds
belong substances chelating metal ions of variable
valence — transferrin, lactoferrin, albumin; free radical
scavengers — ascorbate, vitamin E, reduced glutathione,
coenzyme Q, uric acid, bilirubin. The enzymes catalase
and glutathione peroxidase degrade hydrogen peroxide
and lipid hydroperoxides (products of phospholipid
peroxidation) to non-radical products [44]. SOD plays
a major role in the detoxification of superoxide anion
radicals. These enzymes catalyze the dismutation
reaction of two superoxide anion radicals to H,0, and
O,. Antioxidants have been shown to play an important
role in protecting the human body from the development
of oxidative stress and may have therapeutic value in
the treatment of T2D [45].

In type 2 diabetes, ‘reference’ conditions for the
formation of oxidative stress are formed: the content
of oxidation substrates (glucose and lipids) increases,
the formation and activity of natural participants of
antioxidant systems such as glutathione, SOD, catalase
and glutathione peroxidase decreases. Lipid changes
and lipoprotein oxidability are also considered as
contributors to oxidative stress in diabetes mellitus.
Moreover, oxidative stress induced by hyperglycaemia
triggers mechanisms of [3-cell damage and thus
accelerates the progression of type T2D [46].
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The pathogenesis of atherosclerosis lies in the
infiltration of lipids and immune system cells into
the subendothelial space of the vessel walls. It is
here that the deleterious effects of free radicals that
oxidize fats are observed. This triggers an inflammatory
response: endotheliocytes activate and begin to release
cytokines alongside with adhesion molecules attracting
monocytes circulating in the bloodstream to the site
of inflammation. Migrating into the vessel walls,
they become macrophages engulfing oxidized LDL,
transforming, in turn, into fat-laden foam cells,
accompanied by their release of chemokines that
attract additional monocytes and T-lymphocytes.
Their deposition creates a primary fatty streak, which
may eventually develop into a more complex fatty
plaque [47]. Oxidized cardiolipin (oxCL) has been
found to have a pronounced proinflammatory effect,
the amount of which increases after ischaemia, when
the functional activity of mitochondria is restored, and
the accumulated succinate is oxidized [48]. OxCL can
trigger the production of leukotriene B4 in macrophages
and neutrophils, which is involved in the pathogenesis of
not only atherosclerosis but also myocardial infarction
and stroke [49].

Vascular smooth muscle cells (VSMC) are usually
localized in the medial layer of arteries, although
humans have VSMC in the intima, too. However,
the release of mitogens, inflammatory cytokines and
chemoattractants, including PDGF (platelet-derived
growth factor) and TNF-a (tumor necrosis factor-a),
attract VSMC to the intima. These cells switch from
a contractile to a synthetic phenotype, secreting
extracellular matrix that forms a protective fibrous
covering around the atheroma core. However, the
integrity of the fibrous plaque may be compromised,
leading to thinning and eventual rupture. When the
plaque ruptures, a thrombogenic core is exposed,
stimulating platelet aggregation. The resulting
thrombus may occlude the artery, leading to ischaemia
and infarction of the underlying vessel [50].

Endotheliocytes themselves are producers of
both free radicals and their scavenger. The latter,
paradoxically, is NO synthesized from L-arginine
by calcium-calmodulin dependent endothelial NO
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synthase. NO is involved in attenuating platelet
activity and aggregation, regulating migration
coupled with leukocyte adhesion to endotheliocytes,
and inhibiting VSMC proliferation. As a scavenger,
NO limits NADPH oxidase activity, enhances
the breakdown of peroxynitrite to nitrate and
nitrite [51]. When endotheliocytes are saturated with
oxidized LDL, the breakdown of tetrahydrobiopterin,
a cofactor of eNOS, occurs: this is most likely
the primary cause of eNOS dissociation along
with depletion of the substrate L-arginine,
accumulation of asymmetric dimethylarginine and
S-glutathionylation.

In addition, there is a link between protein
carbonylation and the development of insulin resistance:
plasma detectable proteins such as VEGFR-2 (vascular
endothelial growth factor receptor-2), MMP-1
(metalloproteinase-1), argin, MKK-4 (mitogen-
activated protein kinase kinae-4) and complement
component C5 serve as biomarkers of this disease.
Thioredoxin-interacting protein, TxNIP (thioredoxin-
interacting protein), a critical component in the signaling
pathway based on high concentration of glucose and
ROS, which induces mitochondrial and total cellular
hydrogen peroxide production via NADPH oxidase
isoform (NOX4) in mesangial cells, is also involved
in its development [52].

Peroxynitrite also contributes to the development
of endothelial dysfunction [53]. Together with
prostaglandin H2, it affects TPr (thromboxane-
prostanoid receptor), which activates NADPH-oxidase,
increasing the concentration of free radicals, resulting
in a vicious circle [54].

Interleukins associated with the formation of free
radicals: IL-1-, IL-4, IL-6, IL-18 play a significant role
in the development of atherosclerosis. The formation
of ROS and IL-6 through targeted proteolysis depends
on the NLPR3 (NLR family pyrin domain containing
3) inflammasome, which consists of the NLRP3 protein
proper, ASC (apoptosis-associated speck-like protein
containing CARD) and caspase-1. The activation of
this caspase involves mtROS, as well as cholesterol
crystals, dead cell debris, impaired blood flow, hypoxia,
and acidosis (Fig. 2) [55-56].
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Fig. 2. Caspase-1 activation factors

Back in the 80s of the last century, it was hypo-
thesized that IL-1 activates inflammatory functions
of human endotheliocytes [57], participates in
anticoagulation processes, and stimulates the expression
of leukocyte-recruiting molecules, including ICAM-1
(intercellular adhesion molecule-1) and VCAM-1
(vascular cell adhesion molecule-1) [58]. In addition,
IL-1 can autoinductively stimulate the expression of
its own gene, in which it is encoded in endotheliocytes
and VSMC [59].

The effects of IL-1 on blood vessels are
diverse: 1) Autocrine induction of platelet-derived
growth factor production, which induces VSMC to
proliferate; 2) VSMC production of IL-6, a mediator
of atherothrombosis: It stimulates hepatocytes, causing
them to produce acute phase response reactants,
especially fibrinogen, plasminogen inhibitor and
C-reactive protein; 3) Aggravation of the ischaemia-
reperfusion syndrome course together with cardiac
remodeling, i.e. chronic and progressive ischaemia-
reperfusion syndrome, a process leading through
gene expression to molecular, cellular and interstitial
transformations manifesting as changes in the size,
shape and function of the heart. It has been shown
that the use of antagonists of this interleukin limits
the release of C-reactive protein and mitigates cardiac
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remodeling; 4) Involvement in arterial hyperplasia
with intima thickening (according to experiments on
pigs); 5) Direct involvement in inflammation processes
and fatty streak formation (according to the results of
experiments on lipoprotein E-knockout mice) [60—65].
Previously considered an anti-inflammatory
interleukin [66], IL-4 is now, according to accumulating
evidence, considered a proinflammatory agent as well.
It synergistically increases the expression of IL-1[3,
TNF-a, and LPS-inducible molecule VCAM-1 in
vascular endothelium and accelerates endothelial cell
apoptosis, which contributes to atherogenesis [67—69].
It is worth noting that the relationship between
IL-4 and oxidative stress lies in the induction of the
latter: for example, it was shown that IL.-4 induced
ROS formation through microglial NADPH-oxidase in
the hippocampus, which led to neurodegeneration [70].
In atherogenesis studies, it was shown that cells of
HAEC (human airway epithelial cells) and HUVEC
(human umbilical vein epithelial cells) lines produced
more ROS than controls after IL-4 exposure [71-72].
On the other hand, therapy with antioxidants such as
pyrrolidine dithiocarbamate, N-acetylcysteine and
epigallocatechin gallate suppressed IL.-4 induced
overexpression of IL-6 and MCP-1 (monocyte
chemoattractant protein-1) [73-75].

KAPOMOJIOT A



Karyagina VY et al. RUDN Journal of Medicine. 2025;29(2)

IL-6, in turn, also combines pro- and anti-
inflammatory qualities. In low doses, it can inhibit
TNF-a and IL-1 production, as well as induce
TIMP-1 (tissue inhibitor of metalloproteinase-1),
preventing proteolysis. Nevertheless, in general, it has
a negative effect on the cardiovascular system, and
its levels increase with age and with oxidative stress,
concomitantly with a decrease in SOD and thiol groups,
allowing it to be considered as a marker of inflammation
associated with cardiovascular risk. Hypertension,
vasoconstriction and atherogenesis together with
chronic inflammation at high IL-6 levels often indicated
unfavorable prognosis for patients and significantly
increased the risk of death from cardiovascular diseases
(in particular, ischaemia) [76].

IL-6 influences the development of atherogenesis
through a variety of mechanisms: 1) Induces the
formation of C-reactive protein in hepatocytes, which
stimulates leukocyte recruitment and aggravates the
inflammatory response in endotheliocytes, leading to
their dysfunction; 2) Induces the production of fibrinogen
in hepatocytes, which increases blood coagulation
and increases the risk of thrombosis; 3) Activates the
secretion of MCP by macrophages to recruit monocytes
across the endothelium; 4) Induces expression of LDL-
receptor on the surface of macrophages, enhancing
their capture of LDL, accelerating their transfer to foam
cells for lipid deposition; 5) Increases the expression in
macrophages of the adhesion molecule CD44, which
by positive feedback mechanism increases the secretion
of IL-6 itself in these cells; 6) Increases the synthesis
of matrix metalloproteinase, which, by degrading the
extracellular matrix, increases the risk of plaque rupture;
7) It aggravates the expression of VCAM-1 and ICAM-1,
which provide leukocyte aggregation on vascular cells,
which increases inflammation; 8) It increases the
expression of angiotensin II receptors on vascular smooth
muscle cells, which worsens the course of oxidative stress
and atherogenesis; 9) It promotes the differentiation of
naive T-lymphocytes into T-helper cells, which support
the spread of inflammatory response [77—-85].

Thus, direct involvement of the immune system
in atherogenesis associated with reduced activity of
antioxidant proteins has been established. The ‘reference
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condition’ for the development of atherosclerosis is
endotheliocyte dysfunction together with chronic
inflammation.

The link between atherosclerosis,
T2D and oxidative stress

Type 2 diabetes and atherosclerosis are closely
related [86], as their pathology is based on endothelial
and [-cell dysfunction triggered by hyperglycaemia.
Chronic excessive glucose concentration is dangerous.
Firstly, it leads to non-enzymatic glycation of proteins,
lipids and DNA, resulting in the formation of advanced
glycation end products (AGE). Secondly, it depletes the
NADPH pool due to increased conversion of glucose to
sorbitol, which reduces glutathione formation, leading
to aggravation of oxidative stress [87].

AGE can be formed by three mechanisms: through
the Maillard reaction, lipid peroxidation and oxidation
of glucose itself, and depending on which substance
has been converted into AGE, different pathogenic
intra-organismal effects leading to the development
of T2D will occur: 1) most plasmatic proteins are
glycated, and the glycation of human serum albumin,
fibrinogen, apolipoprotein and transferrin is particularly
important: such structural conversion adversely
affects the physiology of the organism: (a) due to the
modification of serum albumin, new epitopes arise,
involving the immune system in pathogenesis, (b)
glycated fibrinogen forms a dense, rigid fibrin network,
which increases the risk of cardiovascular disease in
diabetic patients, (c) ApoA-IV glycation significantly
reduces the body’s biochemical defense against the
development of atherosclerosis, impairs glucose uptake
by cells and suppresses insulin production, stimulates
hypertension, atherogenesis, cardiovascular remodeling,
aneurysm development, d) glycation of ferritin
increases lipid peroxidation, resulting in the formation
of free radicals, and reduces its ability to bind iron
ions, 2) in the case of glycation of lipids, particularly
LDL, endothelial dysfunction is observed because
LDL-AGE, by activating TLR-4 (toll-like receptor-4)
dependent signaling pathway and interactions with
AGE receptors such as NOX4, induce the production
of pro-inflammatory cytokines and ROS leading to
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endothelial dysfunction, and the following markers are
detected in terms of chemistry: 8-isoprostane, malonic
dialdehyde, TBARS (thiobarbituric acid reactive
substances), 3) DNA glycation produces a deleterious
glycotoxin that poses a risk to antitumour agents; in
addition, characteristic markers are produced: N(2)-
carboxymethyl-2’-deoxyguanosine (CMdG), N(2)-
1(carboxyethyl)-2’-deoxyguanosine (CEdG) and 8-OH-
deoxyguanosine (mediated by free radical production
during glucose oxidation)[88-94].

If the functional activity of antioxidants, especially
SOD, catalase, glutathione reductase and glutathione
peroxidase (GPx), is impaired in hyperglycaemia, the
threat of -cell damage develops, since the expression
of these genes in islets of Langerhans is reduced and

glutathione peroxidase is inactive [95-98]. Increasing
concentration of free radicals suppresses the expression
of PDX1 (pancreatic and duodenal homeobox 1) and
MafA (v-Maf musculoaponeurotic fibrosarcoma
oncogene family transcription factor A) factors
necessary for [3-cell proliferation and maturation by
the following mechanisms: 1) reduction of PLUTO
IncRNA expression, 2) stimulation of JNK-dependent
FOXOL1 activity, 3) inhibition of mMTORC (mammalian
target of rapamycin complex 1) signaling, 4) increase of
SHP2 (small heterodimer partner 2) expression together
with reduction of FAM3A (familial sequence similarity
3A) level [99]. The table below summarizes the main
functions of these proteins (Table 1):

Table 1
List of the proteins essential for B-cells optimal functioning

Protein Function Reference
Plays a significant role in B-cell maturation by controlling the activation of insulin and genes responsible for

PDX1 glucose sensitivity, such as GLUT2 (glucose transporter type 2) and glucokinase. It also binds and inhibits [100]
some of the a-cell genes like MAFB (glucagon activator).
Insulin transactivator protein in pancreatic B-cells. It ensures preservation of the mature phenotype of

MafA B-cells. When its production is reduced, their dedifferentiation is observed along with increased expression [101]
of MAFB gene.

SHP2 Suppresses PDX1 transcriptional activity and inhibits the expression of insulin transcription enhancers [102]
such as RIPE3b1/MafA.

FAM3A Plays a critical role in the regulation of glucose and lipid metabolism in the liver, where it activates the [103]
PI3K-Akt signalling pathway through a Ca2+/CaM-dependent mechanism.

So far, deleterious effects from AGE have been
considered. However, glucose can also lead to
increased formation of hydrogen peroxide, superoxide
anions and hydroxide radicals through: 1) auto-
oxidation, 2) excessive loading on the hexosamine
pathway, when insulin, GLUT2 (glucose transporter
2) and glucokinase gene expression is significantly
reduced due to excess glucose, and 3) loading on the
polyol pathway, when NADPH and GSH are depleted
but protein kinase C is activated and AGE content
increases.

A characteristic feature of T2D is insulin resistance.
The exact mechanism explaining the relationship
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between insulin resistance and free radicals has not
yet been elucidated, but studies point to three significant
factors: 1) stress-dependent signaling pathways,
2) impaired translocation of GLUT4 from the cytoplasm
to the plasma membrane where it becomes functionally
active, and 3) secretion defects.

The first involves stress-dependent signaling
pathways, JNK (C-Jun N-terminal kinase), ERK
(extracellular signal-regulated kinase) and NF-kB
(nuclear factor kappa-light-chain-enhancer of activated
B cells) during which IRS (insulin receptor substrate)
degradation is observed; these pathways are summarized
in the table below (Table 2).

KAPOMOJIOT A



Karyagina VY et al. RUDN Journal of Medicine. 2025;29(2)

Table 2
The list of stress-dependent signals
Pathway Pathogenesis Reference

T2D is associated with chronic low-level inflammation. One of the latter’s factors is TNF-a: it mediates the

JNK phosphorylation and activation of the intracellular signaling molecule JNK, whose effect is also to phosphorylate. [104]
IRS-1 serine sites, thus inhibiting insulin signal transduction.
Activated by IL-1B. Influences pathogenesis directly and indirectly. Firstly, it phosphorylates IRS-1 by serine
636. Second, increased ERK activity causes hypertrophy of adipocytes, which in turn synthesize and secrete [105],

ERK diabetogenic factors: free fatty acids, MCP-1, PAI-1 (plasminogen activator inhibitor-1), IL-6, TNF-a.IL-6, TNF-a [106],
a) enhance the expression of SOCS-proteins (suppressors of cytokine signaling) that bind to IRS-proteins and [107]
promote their degradation, b) independently inhibit IRS-1 expression at the transcriptional level.
Initiation point for other cascade reactions under conditions of glycaemia-dependent free radicals overproduction.

NF-kB RAGE/NF-kB signaling also activates NLRP3 inflammasome formation. AGE receptor overexpression also [104]

promotes de novo synthesis of NF-kB p65. NF-kB p65, on the other hand, directly induces insulin resistance
by repressing transcription of the glucose transporter protein GLUT4 by binding to its gene promoter.

NLRP3 inflammasome in response to cellular stress
signals mediates the cleavage of caspase-1 and promotes
the maturation and secretion of key inflammatory
cytokines IL-1[/IL-18. Various studies in patients have
established a correlation between increased NLRP3
expression and insulin resistance [108—110].

In the second case, ROS production is shown
to be associated with impaired glucose transporter
GLUT4 translocation from the cytoplasm to the plasma
membrane. Hyperinsulinaemia has been found to lead
to rapid and sustained production of hydrogen peroxide:
excessive insulin stimulates peroxide production by
affecting NADPH-oxidase. Peroxide promotes the
activation of casein kinase-2, which disrupts the
sorting of GLUT4 into vesicles for translocation to
the membrane [111, 112]. In the third case, there is an
increased production of free radicals by mitochondria
caused by an increase in the level of inorganic
phosphate in serum, since its uptake by mitochondria
causes hyperpolarisation [113]. In normality, §%m
levels are maintained between 0.8-1.5 mM, but in
pathological processes, such as chronic renal failure,
can exceed 2 mM [114-115]. As it was previously
indicated, pancreatic [3-cells have reduced expression
of genes encoding antioxidant proteins, so increased
concentrations of Pi may be detrimental for them. In
addition, B-cells carry out more intensive protein folding
and are predisposed to ER-stress, which is caused by
oxidative stress due to the close interaction between
mitochondria and EPR [116]. Due to impaired folding,
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there is an accumulation of defectively folded proteins
that do not have the desired functions [117].

So, oxidative stress has been established to affects
both pathologies (T2D and CHD) under conditions of
hyperglycaemia, in which undesirable modifications
of antioxidants occur, several stress-dependent
signaling pathways are activated, exacerbating chronic
inflammation, insulin hormone function is impaired
when pancreatic B-cells are damaged, and vascular
endothelial cells are damaged.

Antioxidant system
Total blood antioxidant status
in T2D and CHD

The first works on the study of antioxidant status
as a phenomenon date back to the nineties of the
last century [118]. Total Antioxidant Status (TAS) is
a generally accepted concept reflecting the dynamic
balance between the activity of the body’s antioxidant
system and the level of pro-oxidants, and according
to the literature it is synonymous with the concept
of TAS — Total Antioxidant Capacity. TAS has been
proposed as a useful tool for assessing the risk of
oxidative stress. TAS assessment is based on the analysis
of the ability of the test sample to resist artificially
recreated oxidative stress, i.e. to quantify the possible
oxidative buffer capacity of the sample. In blood
testing, plasma or serum is most used as the most easily
obtained liquid sample, but blood cells themselves
can also be tested. In most cases, testing is performed
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using a commercial kit from various manufacturers. The
speed and relatively low cost of the blood antioxidant
status assay has made it a routine clinical diagnostic test
that can be performed at the nearest clinical diagnostic
center. Despite the too general conclusion that can be
drawn from the results of this test, the determination
of blood TAS may be informative, and changes in its
level beyond the reference values may be associated
with a number of pathologies [119, 120].

The blood cells’ antioxidant potential represents
the ability of these cells to neutralize free radicals that
can damage cellular structures and cause oxidative
stress. Blood cells such as white blood cells as well as
postcellular structures (red blood cells and platelets)
contain various antioxidants such as glutathione, vitamin
C and vitamin E that help protect them from damage
caused by oxidative stress. Several major types of
antioxidant molecules and enzymes already listed above
(ascorbic acid), vitamin E (tocopherols), glutathione
and glutathione peroxidase, SOD, catalase) are present
in plasma and blood formations.

Patients with T2D and other comorbidities have
impaired antioxidant status, including: 1) decreased
levels of antioxidant enzymes such as SOD, catalase
and glutathione peroxidase, 2) decreased concentrations
of antioxidant vitamins such as vitamins A, C and E,
3) increased levels of lipid peroxidation products such
as malonic dialdehyde: overall, these indexes indicate
oxidative stress aggravation[121, 122]. Disturbance
of antioxidant status in T2D may be associated with
hyperglycaemia and depletion of antioxidant reserves,
leading to enhanced production of free radicals and
chronic inflammation. Enhanced mitochondrial ROS
production in T2D also occurs as a result of impaired
glucose metabolism [123, 124]. The impaired
antioxidant status in T2D may contribute to the
development of complications, including: damage to
proteins, lipids and DNA, which leads to endothelial
dysfunction and atherosclerosis [125].

Epidemiological studies show lower morbidity
and mortality from CHD in people consuming higher
amounts of antioxidants in foods or supplements.

Disruption of antioxidant status in CHD may be
related to several factors. Atherosclerosis, a chief cause of
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the former, is associated with oxidative damage to LDL and
accumulation of oxidized LDL in arterial walls. Smoking,
one of the major modifiable risk factors for CHD, leads to
free radical formation and depletion of antioxidant reserves.
Hypercholesterolaemia and hypertriglyceridaemia, also risk
factors for CHD, are associated with increased production
of free radicals [126].

Disruption of antioxidant status in CHD may
contribute to the development of complications
including: 1) oxidative damage to endothelial cells lining
blood vessels, leading to endothelial dysfunction and
atherosclerosis, 2) increased platelet aggregation, which
increases the risk of thrombus formation in narrowed
arteries, and 3) myocardial (heart muscle) damage due
to ischaemia and reperfusion injury.

Disturbance of antioxidant status is an important
factor in the development and progression of
CHD. Improving antioxidant defense through diet,
supplements and medications may help prevent or delay
complications associated with CHD [127].

Thus, TAS is an important indicator of general health
and the risk of developing various chronic diseases
associated with oxidative stress: lower TAS is associated
with a high risk of developing T2D and CHD.

Methods for antioxidant
activity determination

TAS of blood cells, plasma or serum can be
assessed by various biochemical methods. Because
of the difficulty in detecting free radicals, researchers
have resorted to analyzing the activity or content of
antioxidant defense enzymes when studying oxidative
stress. One of the most common is the FRAP (ferric-
reducing ability of plasma) reaction, which assesses
the ferric-reducing ability of a sample. FRAP is
a colorimetric assay based on the ability of plasma
antioxidants to reduce the iron tripyridyltriazine
complex (Fe3*-TPTZ) to the divalent form at low
pH. The final product (Fe2+-TPTZ) has an intense
blue color with absorbance at 593 nm measured using
a spectrophotometer. The application of the FRAP
method has some limitations due to the labor intensive
preparation of the reagent for analysis and its instability.
A modification of the FRAP assay that uses copper
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ions rather than iron ions is called CUPRAC: the
resulting reaction of the Cu+ chromophore absorbs at
450 nm [128]. Another common colorimetric test for
TAS analysis is the measurement of Trolox equivalent
antioxidant capacity (TEAC — Trolox equivalent
antioxidant capacity) [129]. The TEAC assay is based
on the inhibition by antioxidants of sample absorption
of the cation radical ABTS" (2,2’-azinobis(3-ethylben
zothiazoline 6-sulfonate)), which has a characteristic
absorption spectrum. with maxima at 415, 660, 734 and
820 nm. When antioxidants are added or already present
in the sample, ABTS" is reduced to ABTS and loses its
color. Thus, this method also spectrophotometrically
tracks the colorimetric changes of the stable radical to
measure the relative antioxidant capacity of the samples.
This assay is referred to as the TEAC method because
the reaction rate is usually calibrated using Trolox,
a vitamin E analogue, as an antioxidant standard.

The next group of tests is based on the measurement
of sample fluorescence: ORAC test (oxygen radical
absorbance capacity) and DCFH-DA (2,7'-dichloro
dihydrofluorescein diacetate) assay, which allows to
investigate the level of intracellular free radicals. The
ORAC test evaluates the activity of antioxidants in
a sample by measuring the quenching of fluorescence of
radical-sensitive probes. In fact, this assay measures the
ability of an antioxidant to inhibit oxidation caused by
peroxyl radicals, which 2,2’-azobis(2-amidinopropane)
dihydrochloride or 2,2’-azobis(2,4-dimethylvaleronitr
ile) are used to induce the formation of.

DCFH-DA is a compound that is hydrolyzed by
cellular esterases to 2°,7’-dichlorodihydrofluorescein and
then oxidized to 2’,7’-dichlorofluorescein predominantly
by hydrogen peroxide. Its level is subsequently detected
using a fluorimeter, flow cytometer or fluorescence
microscope.

Currently, researchers and developers continue
to improve tests to detect free radicals or the level of
antioxidant molecules in a sample. We summarize the
main ones that have gained the most widespread use.

Effect of antioxidant supplementation on the
outcomes of atherosclerosis and T2D

Numerous studies have shown that antioxidant
supplementation can help prevent oxidative stress
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that contributes to atherosclerosis, T2D and other
comorbidities. Some interventions are theoretically
able to improve antioxidant status in patients with CHD
and DM2. To improve antioxidant status, interventions
may help: (a) an antioxidant-rich diet that includes fruits,
vegetables, and vitamin-rich foods, (b) cholesterol-
lowering medications such as statins, which also have
antioxidant properties, (c) antioxidant supplements,
such as vitamin C, vitamin E, (d) controlling blood
sugar levels with medications and lifestyle changes, (e)
exercise and weight loss, (f) smoking cessation, exercise
and weight loss and other lifestyle measures [125, 130,
131].

The most effective way to prevent oxidative
stress is through a combination of healthy lifestyle
and medication, if necessary, after consultation with
a physician.

Conclusion

Targeted therapy for oxidative stress in CHD
and T2D seeks to affect key factors underlying these
pathologies to reduce damage and improve health. The
fundamental targets for this therapy to reduce oxidative
stress are:

1. Enhancement of antioxidant defense can be
accomplished by increasing glutathione levels through
dietary supplements or enhancing its synthesis can
improve antioxidant defense. Likewise, stimulation
of SOD and catalase activity can also reduce oxidative
stress.

2. Free radical formation: a) inhibition of NADPH
oxidase may be a promising therapy b) improvement
of mitochondrial function and reduction of ROS
production can be achieved by various antioxidants such
as coenzyme Q10, a-lipoic acid, and other mitochondrial
stimulants.

3. Inflammation may be reduced by inhibiting the
production or activity of TNF-a, NF-kB and IL-6.

4. Improvement of endothelial function may be
achieved by stimulation of NO synthase activity.

5. Blocking AGE receptors may prevent their
interaction with modified proteins leading to increased
oxidative stress (Fig. 3).
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Fig. 3. Anti-oxidative stress therapy targets. Such a strategy must be developed to get the receptors contacting with pro-oxidative
stress molecules blocked as well as to increase the concentration of ROS-neutralizing chemicals and to inhibit internuclear
pro-inflammatory pathways

Targeted therapy for oxidative stress is currently
under active development. More research is needed to
determine the efficacy and safety of these approaches.
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OKuCnUTeNbHbIN CTPecc U CUCTeMa aHTUOKCUMAAHTHOM 3alUTbI
npu aTepocK/iepo3e U caxapHoM aguabeTe 2 Tuna

> J.B.IIpyukux® —,
, A.B. E1buannHoB> 3

B.E. Kapsiruna"?

I1.A. Bumnasakosal 2
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AnHoTtanus. AkmyanbHocmb. CepzieuHO-COCYUCThIe 3a00/1eBaHNs HAXOASATCS Ha TIEPBOM MeCTe CpeJii OCHOBHBIX IIPUYHH
CMEPTHOCTH, a CYLL|eCTBYIOLasl Ha JaHHBI MOMEHT Teparivisi HeCOBepIlleHHa, TakK KakK MMeeT MHOro I0O0UHbIX 3¢(eKToB, 1 B OT-
HOLLIEHUH OKOJIO TPeTH MallMeHTOB OKa3biBaeTcs: HeaheKTHBHON. B faHHOM 0630pe Mbl paccMaTpyBaeM poJib OKUCUTENEHOTO
cTpecca 1py 3ab0/IeBaHKSAX aTEPOCKIEPOTHUECKOTO reHe3a, TAKUX KaK caXxapHbIM AuabeT 2 Tvra U uileMuueckas 60/e3Hs cepaa.
KiroueBbIMY MUILIEHSIMU [17151 MOJIEKY/ISIPHO-K/IETOUHOM Tepariy OKMCIUTETBHOTO CTPecca TIpy 3a00/1eBaHUsIX aTepOCKIePOTH-
YeCKOTo TeHe3a MOTYT BBICTYIIaTh, BO-TIePBLIX, JIOKAa/IM30BaHHbIE Ha K/IETOYHON MeMOpaHe peLienTopkl, CBsI3bIBaHHe KOTOPBIX
C KOHEYHBIMH NPOJYKTaMH IVIMKO/IM3a ¥ IIPOBOCIHA/IMTE/IbHBIMY UHTep/elikiHaMy (IL) MprBOAUT K aKTUBALIMM BOCTIAMHUTeTbHbIX
KaCKa/l0B; BO-BTOPBIX — MOJIEKY/IbI-aHTHOKCHAHTBI, Ube CoZiepykaHre HeoOX0AMO T0AJep KUBaTh Ha ONITUMAaNbHOM YPOBHe Kak
a/IMeHTapHbIM, TaK U JIOKalIbHO-UH(Y3MOHHBIM ITyTeM. [10CKOMbKY IpoLiecch TIOBPeXXieHus U rnbesy B-K/IeTok B OO/bIIMHCTBE
CJTyJaeB OIOCpPeAoBaHbl aKTUBHOCTHIO MH(1aMMacombl NLRP-3, cieiyeT u3yunuts BO3MOKHBIE CTIOCOOBI jecTabunm3anum
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JJaHHOTO (eJIKOBOro KOMIUIEKCa, CIIOCOOCTBYIOLIHE NPeZi0TBPALLEHHIO CO3PeBaHUS 1 CeKpeLy HHTepIeHKUHOB- 1 11 —18. BbieodbL.
[ToMuMO HerocpeJCTBEHHO JieueHUst TpebyeTcs TijaTe/IbHbI MOHUTOPHUHT OMOXMMUUYEeCKUX MapKepoB, CUIHATHM3UPYIOMINX
0 HaCTYTUIEHUH T1aTOJIOTUUECKOTO TPOLiecca, HCTPYMEHTOM KOTOPOTO MOTYT CJIY)KHTb TeCTBI /IJIs OTIpeZie/ieHst aHTUOKCH-
JaHTHoro craryca. Kpome Toro, pekoMeH/l0BaHO IIporiaraH/jpoBaHue 3,0pOBOro obpasa >KU3HK CPe/i CKJIOHHBIX K CaXxapHOMY
nuabeTy 2 v KapIMOBACKY/ISIPHBIM 3a00/ieBaHUSIM WHIMBHU/IOB, 3aK/TIOUarolieecs: B CHIDKeHUH MOTpebieHust 60ratoi Kupamu
U yI7IeBOZIaMH ITUILLM (ITapajuieibHO ¢ oboralieHreM paLioHa 60raTbIMU K/1eTYaTKOM U MpeyTIpeskJaloiiMy OKHCIUTeIbHbINA
CTpecc BUTaMHHAaMH ), TIOBBIIIEHNWH TI0/Ie3HON (r3nuecKoi akKTUBHOCTH 1 OTKase OT KypeHHs.

KiroueBsble c10Ba: aTepoCcKiepo3, caxapHbli fiuabet 2 Twa, UllieMUuecKast 60sie3Hb cepzilja, OKUC/IUTENbHBIN CTpecc,
Makpodary, akTUBHbIe (POPMBI KMCIOPOZiA, UHTEPIEHKHHBI

Mudopmanus o puHaHCcMpoBanuu. PaboTa rogiepykaHa rocyapCTBeHHbIM 3a7iaHreM «Pa3paboTka K1eTOuHOH Tepanyyl 0CTporo
pecrparopHoro guctpecc-curzpoma (OPIC) reHeTruecku MoguduLipoBaHHbIMU M2-Makpodaramu» Ne 123030700103-6.
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JTHYeCcKOe yTBep)KAeHHe — HelIpUMeHHMO.

BiaropapHoCcTH — HelpUMeHUMO.

HudopmupoBaHHoe coryiacue Ha my0/IMKaHI0 — HETPUMEHNMO.

IToctynuna 16.09.2024. ITpunsra 16.10.2024.

Jas yutupoBanun: Karyagina VY., Prutskikh D.V., Vishnyakova P.A., Elchaninov A.V. Oxidative stress and antioxidant
defence system in atherosclerosis and type 2 diabetes mellitus // BectHuk Poccuiickoro yHuBepcuTeTa Apy»K0bl HapozoB. Cepust:
Mepuuusa. 2025. T. 29. Ne 2. C. 190—210. doi: 10.22363/2313-0245-2025-29-2-190-210. EDN LOCTQO

Corresponding author: Karyagina Victoria Evgenievna — trainee researcher, Laboratory of Molecular Pathophysiology, Research
Institute of Molecular and Cellular Medicine, RUDN University, 6 Miklukho-Maklaya Street, Moscow, 117198, Russian
Federation. E-mail: vypryazhkina.viktoriya@mail.ru

Karyagina V.E. ORCID 0009-0001-3484-9577

Prutskikh D V. ORCID 0009-0000-0222-8891

Vishnyakova P.A ORCID 0000-0001-8650-8240

Elchaninov A.V ORCID 0000-0002-2392-4439

OmeemcmeeHHblil 3a nepenucky: Kapsiruna BukTtopust EBreHbeBHa — cTakep-HcciefioBaTe/Ib 1ab0paTopuy MOJEKY/ISIPHOM
naro¢usronornd HMU MonekymsipHoii U knetouHol meguLiuabl ®TAOY BO «Poccuiickuii yHUBepcUTeT [pyKObl HApOJ0B
nmenu Ilatpuca JTlymym6e1», 117198, . Mockea, yi1. Muknyxo-Maknas, 6, Poccus. E-mail: vypryazhkina.viktoriya@mail.ru
Kapsirnna B.E. ORCID 0009-0001-3484-9577

IMpyukux [1.B. ORCID 0009-0000-0222-8891

Bumnsxkosa IT.A. SPIN 3406-3866, ORCID 0000-0001-8650-8240

EnsuannHoB A.B. SPIN 5160-9029, ORCID 0000-0002-2392-4439

210 KAPOMOJIOT A



il

BectHuk PY[QH. Cepus: MEAULIUHA 2025;29(2)
F' RUDN Journal of MEDICINE. ISSN 2313-0245 (Print). ISSN 2313-0261 (Online) http://journals.rudn.ru/medicine

DOI 10.22363/2313-0245-2025-29-2-211-221
EDN LSBGNH

OPUT'MHAJIBHOE UCCJIELOBAHUE
ORIGINAL RESEARCH

BpeMEHHbIe N CneKTpaJibHble NOKa3aTeJin Bapua6enb|-|ocw| PUTMa
cepaua KypCaHTOB MHCTUTYTa Fpa)KAaHCKOﬁ aBuaLum C pa3HbIM
TUNOM HOKOMOTOpHOﬁ ABMFaTEHbHOﬁ dKTUBHOCTH

A.N. Psazannes’? ", E.K.I'pebennuxkoB' ~, I.H.I'pebennnkoBa’

0.B. Copokun® "~ , M.A. CyGotsmost '~ =

"HoBocubWpCKUiA rocyAapCTBeHHBIN MeJjarornyeckuil yauBepcuret, 2. Hogocubupck, Poccutickas ®edepayus
2CriopTHBHasl 111KOJIa OTUMITUHACKOTO pe3epBa «1]eHTp BOJHBIX BUJOB CIIOpTa», 2. Hogocubupck, Poccutickas ®edepayus
3000 «buokeaHT», 2. Hogocubupck, Poccutickas ®edepayus
“HoBocubHUpCKuUi rocyapCTBeHHBINH YHUBepCUTeT, 2. Hogocubupck, Poccutickas ®edepayus
D subotyalov@yandex.ru

AnHoTanms. AkmyaibHocmb. [ToBbieHHbIe (H3HUecKre, GyHKIMOHANBHbIE, ICHX03MOLIMOHA/IBHBIE U NHTe/UIeKTya/IbHbIe
Harpy3KH B TIepHOZ, [0/IyUeH s BbICIero o0pa3oBaHust KypcaHTaMH MHCTUTYTOB TPaKJAHCKON aBUaL{i B COUeTaHHUH C BEICOKUMH
TpeboBaHMAMH K ITpodecCHOHaIBHBIM KauecTBaM ITHJI0Ta U BbICOKOM KOHKypeHIvel Ha Oup>ke Tpyza BBICTYIIAOT CepPbe3HbIM
cTpecc-(akTopoM A71st GOPMUPYIOLIErocst OpraHu3Ma 1 MOTYT IOBJIeUb 3a COO0H pa3nuuHble HapyIleHHs B paboTe opraHusMa
B L{eJIOM U [IeHTPaIbHOM reMOJMHAMUKH B UaCTHOCTU. B CBSI3M C 3TUM CBOeBpeMeHHOe OIpefie/ieHre COCTOSTHUSI MUOKap/a,
HeMpOoBereTaTMBHON U HEHPOrOPMOHATLHOM PETy/ISILIUU SIB/ISIETCS BAXKHBIM [I7isi CBOEBPEMEHHOM TTOMOIIU 1 KOPpeKIuu obpasa
JKM3HH, THIA U PeKUMA JBUraTe/IbHON aKTUBHOCTH KypCcaHTOB. Llesb ncciefoBaHysi — U3ydeHre CrIeKTPaIbHbIX U BpeMeHHBIX
TIoKasaTesieli BaprabenbHOCTH PUTMa CepAlia KYPCAHTOB MHCTUTYTA IPaKJaHCKOH aBUAL{UH C Pa3HbIM THIIOM JIOKOMOTOP-
HOH /IBUTaTe/IbHON akKTUBHOCTU. Mamepuanb! u memoobl. B paMkax uccnefioBaHys Oblia BIIIOHEHA OLleHKa BpeMeHHbIX
Y CTIeKTPa/bHBIX MOKa3aTeiell BapradesbHOCTH PUTMa cep/lia y 96 MpakTHUYeCKH 340POBbIX KYPCAHTOB C Pa3HbIM TUIIOM
JIOKOMOTODHO¥ JJBUTaTe/IbHON aKTUBHOCTH. Pe3yasmambt u obcysicdeHue. Y KypcaHTOB 0OHApy»KeHbI Pa3iyuHble CTpaTerin
ajlanTaryy reMOAVHAMUKY U BeTeTaTUBHOW PETYsLH 1esTeMbHOCTA MUOKAp/a B 3aBUCUMOCTH OT UX THIIA IOKOMOTOPHOMH
[BUTaTe/IbHOM aKTUBHOCTH. Hanbosb1InM aZjanTalliOHHBIM CTPYKTYPHO-(QYHKLIMOHA/IBHBIM Pe3epBOM 00/1aJjatoT KypCaHThI
3aHHMAIOLIIMeCs: UTPOBBIMU U LIUK/IWYECKUMH BH/JaMH CIIOPTa B TIPO(UIBHBIX CeKIUsIX. Bbigoos!. Hanmuume KapAHOBaCKY/ISIPHBIX
0co6eHHOCTel alanTalyy KypCcaHToB K yueOHol 1 (pu3nueckoii Harpy3kam [103BOJIsieT UCII0/Ib30BaTh Pe3y/bTaThl UCC/Ie0BaHNS
JU1s1 MOJlepHU3AL[U CUCTeMBI (PU3MUeCKOr0 BOCTIUTAHMS B BBICIIMX yueOHBIX 3aBeJIeHUsIX Y JIETHBIX CTIeL[UaIbHOCTel.

KnroueBble cj10Ba: 3710p0OBbe, afialTallys, CIIOPT, KypcaHThl, BapuabebHOCTh PUTMa CepALa, CUX0(H3N0/I0rHs

Hudopmanus o GpuHAHCUPOBaHUH. ABTODBI 3asIB/ISTIIOT 00 OTCYTCTBHY BHELIHEro (PMHAHCHPOBAHUSI.
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Bknap aBTopoB. Bce aBTOpHI BHEC/IM paBHBIHM BKJIa/ B IIPOBe/ieHIe UCC/Ie0BaHMsl, pa3paboTKy KOHLIETILIMU U TIOATOTOBKY
CTaTb¥, TIPOWIH U 0J0OPH/IN UTOTOBYIO BEPCHIO Tiepe Iy O/rKarye.

Mudopmanys o KOHGIMKTe HHTePecoB. ABTOPHI 3asB/ISIOT 00 OTCYTCTBHY KOH(/IMKTA HHTEPECOB.

JTHyeckoe yTBepKAeHHe. [[poTOKO/ CC/ieloBaHusI YTBEpsK/ieH Ha HayyHOM coBeTe Kade/[pbl TeOpeTUIeCKUX OCHOB (hH3UUeCKOi
Ky/bTYpbI aKymnbreTa Gpr3nueckoit KynsTypsl HOBOCHOMPCKOTO roCyapCTBeHHOTO Tiefiarornyeckoro YHUBepCUTeTa.

BiaropapHoCTH — HeNpUMeHUMO.

MudopmanuoHHoe cortacue Ha myosmkanuio. VccieoBaHre IpOBOAUIOCH B TIOJTHOM COOTBETCTBUM C XeTbCUHCKOH fleK/a-
paruei BceMUpHOI MeJULIMHCKOM accOLMaLiiy: Tiepe/| HauaioM 00C/e/[oBaHUs y BCeX KYPCAHTOB ObLIM MOTyYeHb! MICbMeHHbIe
corviacusi Ha TIPOBeZieHHe UCC/IefoBaHusl U 06paboTKY IMepCoHabHBIX JaHHbIX.

IMoctynuna 06.02.2024. TIpunsra 11.03.2024.
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Civil Aviation Institute cadet’'s temporal and spectral indices
of heart rate variability engaged different types of locomotor activity

Andrey I. Ryazancev”?, Egor K. Grebennikov' ~, Irina N. Grebennikova' ~,

Oleg V. Sorokin® ', Mikhail A. Subotyalov** >

'"Novosibirsk State Pedagogical University, Novosibirsk, Russian Federation
2Olympic Reserve Sports School «Aquatics Center», Novosibirsk, Russian Federation
SLLC «Bioquant», Novosibirsk, Russian Federation
“Novosibirsk State University, Novosibirsk, Russian Federation
< subotyalov@yandex.ru

Abstract. Relevance. Increased physical, functional, psycho-emotional and intellectual loads during the period of higher
education for cadets of civil aviation institutes combined with high requirements to professional qualities of a pilot and high
competition at the labor exchange act as a serious stress-factor for the forming organism and may entail various disorders in the
work of the organism as a whole and central hemodynamics in particular. In this regard, timely determination of myocardial,
neurovegetative and neurohormonal regulation is important for timely assistance and correction of lifestyle, type and mode of
motor activity of cadets. The aim of the study is to investigate spectral and temporal indices of heart rate variability in cadets of
the Institute of Civil Aviation with different types of locomotor motor activity. Materials and Methods. Within the framework of
the study we evaluated temporal and spectral indices of heart rate variability in 96 practically healthy cadets with different types
of locomotor motor activity. Results and Discussion. Different adaptation strategies of hemodynamics and vegetative regulation of
myocardial activity depending on their type of locomotor motor activity were found in cadets. The greatest adaptation structural
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and functional reserve is possessed by cadets engaged in game and cyclic sports in profile sections. The main results of the study.
Conclusion. The presence of cardiovascular features of cadets’ adaptation to physical and training load allows to use the results

of the study for modernization of physical education system in higher educational institutions for flight specialties.
Keywords: health, adaptation, pilots, cadets, cardiovascular system, autonomic nervous system, heart rate variability,

psychophysiology
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BesepneHue

IMTpodeccruoHanbHas AesATeTbHOCTD MTUJIOTOB
Ipak/IaHCKOW aBUAI[UU Tofipa3yMeBaeT paboTy B Ts-
JKeJTbIX, TIOPOH 3KCTpeMaslbHBIX YCIOBUSIX, CBI3aHHBIX
C MaKCUMaJ/IbHbIM HarpsbkeHneM (yHKLMOHA/TbHbBIX
cucteM [1-3]. SddexThl CpouHO a/janTaluu, IOBTOPSI-
IOLMeCs pery/sipHO, AO/KHBI TIPUBOIUTH K Pa3BUTHIO
CTOWKHUX CTPYKTYPHO-KOMIIEHCATOPHBIX ITepeCcTPoeK
Ha K/IeTOUHOM U CYyOK/IeTOUHOM yPOBHSIX, TTO-JPYyTO-
My — K XpPOHMWYeCKo# afjantauuu [4, 5]. OpgHako rnpo-
Gr1ema LieHbI 3TOM afjanTaluH [0 CUX TIOp 00CY>KAaeTcsl.

Peakijusa opranv3ma Ha U3MeHeHHe YCIO0BUMN
BHeEIITHeH cpefibl Oy/1eT 3aBUCETh OT TOr0 HACKOJIBKO
crnetudrueH AaHHBIM CTPECC, HACKOJIBKO OH CHJIeH U Ha-
CKOJIBKO B Opranusme c(hopMHUPOBaHbI aflanTaliOHHbIe
pe3epBsl [6]. V3 ocsieiHero siCHO, UTO a/IaliTUPOBATLCS
K U3MEHMBLIUMCSI CPEZIOBBIM yCJIOBUSIM OyIeT JTyuliie
TOT UHJWBH/I, Y KOTOPOTO OOJIbIIle afianTal[OHHbIN

CARDIOLOGY

pe3eps. B Takom cBeTe MopdodyHKIMOHaNbHAs U TICU-
x0(h1310/I0THYeCKasi KOHCTUTYLUS, YPOBEHb (PU3nye-
CKOM, (pyHKLIMOHATBHOM U TICUX0JIOTHYeCKOM TIOATO-
TOB/IEHHOCTH KYPCAHTOB MHCTUTYTOB I'PaKJaHCKOM
aBHMaLWH, TO eCTb OyAYIIMX MUIOTOB, OyAyT UrpaTh OHY
13 pelaroLuX posieit B mpodecCroHaIbHOM 0TOope
Y opyeHTaluu rnocnefHux. C Liesbo U3ydeHus afiar-
TaLMOHHOT'0 pe3epBa U BAUSHUS Pa3HbIX (pr3rueCKUX
yrpaKHeHUI Ha OpraHu3M KypCaHTOB YJIbSIHOBCKOI'O
VHCTUTYTa rPa’kIaHCKOM aBUaLK UM. [JIaBHOTO Mapliia-
na aBuanyu B.I1. ByraeBa (YWUI'A) Ob110 OpraHu30BaHO
Yl TIPOBE/IEHO UCC/IeJ0BaHUe OT/e/IbHBIX MOKa3aTesiei
BaprabeTbHOCTH PUTMa CepALia.

Henb ucciegoBaHusa — M3yuyeHHe ClIeKTPaIbHbIX
Y BDeMeHHBIX TI0Ka3aresiell Baprabe/lbHOCTA PUTMa
cepALa KypCcaHTOB MHCTUTYTA I'Pak/IaHCKOW aBHaL[u1
C pa3HbIM TUIIOM JIOKOMOTOPHOM JiBUraTe/IbHOM aK-
THUBHOCTH.
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MeToabl u MeTOAbI

Uccnenoranue ripoxoauio B despase 2023 roza
Ha 6ase Y/IbsIHOBCKOTO MHCTUTYTA I'PaXk/JaHCKOM aBHa-
LMY UMEHH IJIaBHOro Mapiuasa asuaiuu b.I1. byraesa.

Bbu1o 06cmemoBaHo 96 MpakTUUYECKU 30POBBIX
KypcanToB Y VI'A myxckoro nona. MiccnenoBanue
TIPOBOZAM/IOCH B ITOJTHOM COOTBETCTBUM C XeJIbCUHCKON
Jlekyapaiyeil BceMUpHOM MeIUITMHCKOW acCoIAalIvM.
[TpoTtokon obcnenoBanust 6bUT 006peH Ha HAyUHOM
coBeTe KadeZpbl TEOPETUUECKUX OCHOB (hr3U1ueCKOU
Ky/lbTypHbl (pakysnbTeTa prsnueckol KyabTypsl Ho-
BOCHOMPCKOTO TOCYAapCTBEHHOTO IeJJaroruueCKOro
yHuBepcureta. [lepes Hauasiom obciefoBaHNs Y BCeX
KypCaHTOB ObUIM MOTy4YeHbl MMCbMeHHbIe COTIaCHst
Ha TIpOBeJieHre UCC/iefloBaHusl M 00paboTKy mepco-
Ha/bHbIX JJAHHbIX.

Cpeny yuaCTHUKOB MCC/e/l0BaHMs ObLIM BhIfee-
HBbI UeTbIpe KOrOPThl UCXO/s U3 TUMA JIOKOMOTOPHOM
JIBUTaTeTbHOW aKTUBHOCTU: «HE 3aHUMAIOLLUeCs»,
«CaMOCTOSITe/TbHO 3aHMMAIOLIUeCs», «KUTPOBbIE BU/IbI
CIIOpTa», «LIUK/INYeCKue BUAbI criopra». Koroprty
«He 3aHUMaroIecss» cocTaBua 41 KypcaHT 6e3
BHEYPOYHOM JIOKOMOTOPHOM ABUTaTe/IbHOW aKTUB-
HocTU. KoropTy «camo3aHrMMaroIuecs» CoOCTaBUIN
20 KypCaHTOB, CaMOCTOSITE/IbHO 3aHUMAIOLIUXCS
obugeli Gusnueckoil MOATOTOBKOM He MeHee 3 aKa-
JleMUUeCKHX 4acoB B HeJie/lt0. B KOropTy «urpoBble
BHU/IBI CIIOPTa» BOLLIO 14 KypCaHTOB, BBICTYNAOLUX
3a cbopHyto YUTA 1o Bonetibony, pyTdony umu
6acketbony (kBamudukarus ot II paspsga 1o KMC)
Y peryssipHO 3aHUMaFOIIMXCS B IPO(UIBbHBIX CEKLUAX
c o011eit Harpy3kou 6 akaZieMHUUeCKHUX YacoB B Hejle-
0. Koropra «Ljuk/inyeckye BUZBI CIIOPTa» COCTOsIA
u3 21 KypcaHTa, BXOASIIUX B COCTaB COOPHON WH-
CTUTYTA 110 I/IaBaHUI0, JIbDKHBIM FOHKaM W/ JIeTKON
atseTuke (6eroBble AUCLUIIMHBI) C KBaMdUKaIei
ot II pa3psapga go KMC — npepacTaBuTe M 3TOM KO-
TOPTHI MOCeLaau NpoUIbHbIE CEKLIUU C Harpy3Kon
6 akaJeMMUeCKUX 4acoB B HeJeIt0.

IIpouenypa uccienoBaHusi BapuabesbHOCTH
putMa cepzua (BPC): 3anmMck puTMoKapAu0oTrpaMMel
MPOBOJM/IACH C UCTO/Ib30BaHKWEM pUTMOKapAuorpada
«Bepallynbc». CHauasa UCIBITyeMOMY Ipezijiaraics
5-MUHYTHBIM OTZABIX B MOJIOXKEHUHU Jie)Ka Ha CIIMHE
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6e3 gBUKeHUS (/19 JOCTUXKEeHUs YPOBHsA (oHA),
TOCJIe Yero Bejach 5-MUHYTHas 3allMCh pUTMOKApAU-
orpammel (PKT') B TOM ke MosioKeHHH, TI0 UCTeYEHUU
BpEeMEeHHU I1ePBOi1 3aMTUCH UCTILITYyeMOMY TpeZJiaranoch
aKKypaTHO BCTaThb, MTOC/Ie Uero HaunHaaach 3aruch
PKT' B cOoCTOSIHMM aKTUBHOM OPTOCTaTU4eCKOM Mpo-
6b1 (AOIT). Ha ocHOBe MaTeMaTHueCKol 06paboTKu
PKI" 6b171 paccuvTaHbl ClIeKTpa/ibHbIe M BpEMeHHbIe
riokasareau BPC.

Maremarnueckast 00paboTka u oopmiieHue pe-
3y/IbTaTOB WCC/Ie[J0BaHKS OCYILeCTB/IS/TUCH C TIOMOIL[BIO
WCII0/Tb30BaHMS MOJIHOTO TakKeTa (QYHKLUKA ITporpaMm
Word, Excel u Statistica for Windows. MeTtog maTe-
MaTUYeCKOM CTaTUCTUKU: t-KpuTepuil CThIOfleHTa [i/1s1
He3aBHCUMBIX BBIOOPOK. HopMasibHOe pacripesiesieHue
MO TBEP Ka/IM TIPaBUIOM TPeX CUTM.

Pe3ynbraTtbl M UX 06CYXKAeHUe

B Tabmuijax 1 u 2 mpefcTaBaeHbl pe3yabTaThbl
uccyenosanusi BPC y kypcautoB YUT'A ¢ pa3HbIM
TUTIOM JIOKOMOTOPHOM [IBUTaTeIbHOW aKTUBHOCTH.
Ananu3 96 pe3ynbratoB puTMoKapauorpaduu B o-
HOBOM COCTOSIHUU B YeThIpeX KOTOpTax Mokasasl, 4To
B MpoLjecce afialTaliy K yueOHOM ¥ TpeHHPOBOUHON
JesiTeIbHOCTH Hab/TF0jat0TCsl Pa3/IMuHble CTPaTeruu
npuciocobsieHrs cep/ieuyHol AesTeNbHOCTH. Tak,
HarpyMep, 10 psily ToKa3aTesieil BpeMeHHOU 00/1acTi
(R-R min, R-R max, RRNN) MoXHO cyguTh 0 60/1ee
3¢ GeKTUBHOM KpOBOOOpall[eHNH Y KypCaHTOB, 3aHU-
MaroIMXcsl B MPO(GUIbHBIX CIIOPTUBHBIX CEKLIUSIX,
M0 OTHOIIEHUIO K KypCaHTaM, He 3aHUMaIoLMMCs
BHEYPOUHOU JIOKOMOTOPHOM ABUTaTe/IbHON aKTUB-
HOCTBIO, UTO MOKAa3aHO HaJIMYHWeM [JOCTOBEPHBIX
otnunii (p <0,05). OTHOCUTE/IBHO OOJIBIIINE 3HA-
vyeHud R-R min, R-R max, RRNN y kypcaHTOB-
CTIOPTCMEHOB rOBOPSIT 00 OTHOCUTE/IbHO MeHbIlIeM
YCC, uTo KOCBEHHO yKa3bIBaeT MO0 Ha yBeTMUeHHe
CHCTO/TNUeCKOro 06beMa KPOoBH, MO0 Ha yBennueHne
KHC/IOPO/IHOY eMKOCTH KpPOBH, MO0 Ha 06a 3TUX
mporjecca cpasy, uTo B 1060M citydae OyzieT SBAATbCS
MOBBILIEHHEM 5KOHOMHUYHOCTHA reMOMHaMUUe CKUX
MexaHusmos [7, 8].
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Ta6bnuya 1/ Table 1

BpemeHHble NoKa3aTenu BapmabenbHOCTU PUTMa cepALa KypcaHTOB MHCTUTYTa rpaXkAaHCKOiA aBuaLum /
Civil Aviation Institute cadet’s temporary indicators of heart rate variability

MokasaTennb /

Koroptbl / Cohort

[ocToBepHOCTb
pesynbtaTtos / Reliability

Indicator of the results
H/ N(n=41) C / S(n=20) N/ P(n=14) L/ C(n=21)
®oH / Background values

R-R min, mc 747,85+ 12,54 754,80+ 19,08 829,36 + 27,38 791,95 £ 25,30 H—W* C—Wn=*
R-R max, mc 1059,20 + 20,94 1095,65 + 42,82 1131,07 £ 53,81 1147,95+ 39,10 H—LU*

RRNN, mc 903,46 £ 15,95 938,50 + 32,61 1003,85 + 40,11 972,86 + 28,37 H—W*H—L*

SDNN, mc 58,26 + 3,71 71,09 £7,96 64,86 + 6,86 87,05+ 12,05 H—LU*
MxDMn, mc 290,82 £17,20 335,95+ 29,86 301,56 £ 32,94 382,89 + 40,54 H—L*
MxRMn, y.e. 1,43 +£0,03 1,44 £ 0,04 1,34+0,07 1,47 £0,07 -
RMSSD, mc 59,97 + 5,60 68,43+ 10,78 67,04 +897 65,17 + 6,80 -

CV, % 6,51+ 0,41 7,34+ 0,69 6,79 +£0,48 9,18+1,15 H—LU*
AOI / Active orthostatic test

R-R min, mc 556,02 + 9,40 570,95 + 13,33 590,21 + 11,92 621,20 £ 18,23 H—W*H-—U* C—L*
R-R max, mc 802,23 £+ 15,34 834,05 +33,19 886,07 + 31,28 894,14 + 22,62 H—W* H—U*

RRNN, mc 655,36 + 10,38 686,70 + 25,12 709,36 + 18,75 733,71 £21,93 H—W* H—LU*
SDNN, mc 53,34+ 2,83 55,05+ 4,76 60,60 + 5,18 58,77 +2,73 -
MxDMn, mc 259,29 + 13,55 263,25 £ 22,83 296,35 + 25,38 278,33 £14,23 -
MxRMn, y.e. 1,47 £ 0,03 1,45+0,03 1,50 £ 0,04 1,46 £ 0,03 -
RMSSD, mc 21,44 +1,35 27,08 £2,95 29,03+3,18 27,54 +2,19 H—W* H—U*

CV, % 7,24 +0,37 7,01+0,38 7,69 £ 0,54 7281034 -

lpumeyaHme: * — pesynbraTbl AOCTOBEPHbI Npu p < 0,05. H — He 3aHnMatoLwmecs, C — camosdaHuMatoLmecs, I — urpoBsble BUAbI

CrnopTa, Ll — umknnyeckue Buapl cropra.

Note: * — the results are reliable at p < 0.05. N — non-exercising, S — self-exercising, P — playing sports, C — cyclic sports.

CARDIOLOGY
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Ta6bnuua 2 / Table 2

CneKTpasbHble NoKa3aTenu BapmabenbHOCTU PUTMa cepALa KypcaHTOB MHCTUTYTa rpaXkAaHCKoI aBuaLm /
Civil Aviation Institute cadet’s spectral indicators of heart rate variability

Koroptbl / Cohort [ocToBepHOCTb
MokasaTennb / pesynbTaToB /
Indicator Reliability of the
H/N(n=41) C/S(n=20) N/ P(n=14) L/ C(n=21) results
®oH / Background values

TP, mc? 4652,10 +691,17 | 5651,20 + 1786,34 3486,15+ 591,61 8528,82 +2359,68 n—ux

VLF, mc? 121311 £184,06 1082,30 + 324,40 643,07 + 122,08 1512,05+ 329,99 H—W* n—U*
LF, mc? 1609,08 +262,30 2061,90 + 557,50 1130,79+214,43 2377,57 £+ 495,54 n—-u*

HF, mc? 1831,03 +£376,77 2506,10 £1001,73 2125,87 + 545,46 3345,43 £1422,21 -

VLF,, % 31,89 2,60 21,77 £2,05 1811+2,43 24,08+2,28 H—C* H—W*H—UL*
LF,, % 35,06 +2,27 39,41+3,39 34,89 15,07 39,33+3,38 -

HF ., % 35,51 +2,66 38,82+3,38 49,02+ 5,31 3533%3,76 H—W* n—L*
LF/HF, y.e. 1,37 £0,18 1,36 £0,26 1,06 £ 0,27 1,74+0,38 -
AOI / Active orthostatic test

TR, mc? 2468,95+ 315,72 275510 + 475,04 3096,71 £413,97 2777,52 £277,93 -

VLF, mc? 809,88+ 142,53 938,10+ 195,69 1167,15+ 172,00 719,62 +91,25 nN—ux
LF, mc? 1403,94 + 202,36 1462,15+ 230,72 1704,71 + 265,32 1757,38 + 234,11 -

HF, mc? 256,10+ 37,37 354,60 + 81,89 302,93 +44,91 299,01 +46,26 -

VLF,, % 35,08+2,48 32,36 +2,01 35431292 26,78 2,90 H—U*N—U*
LF,, % 5410+2,43 54,87 £2,89 52,27 £2,70 62,70 £2,89 H—U*N—U*
HF,, % 10,82+ 1,05 12,77 +1,33 10,18+ 1,10 10,63 +1,48 -

LF/HF, y.e. 6,67 +0,76 572+0,94 6,40 +0,57 8,19+1,28 -

lpumedaHue: * — pedynbTaTbl 4OCTOBEPHbI Npu p < 0,05. H — He 3aHuMatowwmecs, C — camosdaHumMarolmecs, I — urposble BUAbI
cnopra, Ll — unknmyeckme Bnabl cropra.

Note: * — the results are reliable at p < 0.05. N — non-exercising, S — self-exercising, P — playing sports, C — cyclic sports.

HEepPBHOU cUCTeMbI B obecrieueHrie CepAeuHON fiesi-
TesibHOCTH [9]. Tak)ke mpe/IonaraeTcs, uTo Oosbias
pa3HHlla MeXAYy MaKCHUMaJ/JIbHBIM 1 MHMHKUMAaJ/IbHbIM
Kap/IMOMHTEPBAJIOM SIB/ISIETCS CJIEACTBUEM HaTUUUs
601BII0T0 MOP(OJIOTUUECKOTO, @ 3HAUUT U (PYHKITHU-

ITokazaresn MxDMn u MxRMn oTrpaxaroT pas-
HULY U YaCTHOE MeXJy MaKCHUMa/bHbIM U MUHUMA/Ib-
HBIM KapAWOWHTEPBAIOM, HO C OMOJIOTHUeCKOM TOUKH
3peHuss MxDMn n1 MxRMn gBAgr0TCH MHAUKAaTOpaMH
BKJ/1a/la TapaCcUMIIaTUYeCKOro OT/Je/a BereTaTUBHOM
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OHA/BbHOTO, pe3epBa MUOKapAa U HeHPO3HJOKPUHHOU
cuctembl. [Tokaszarenb MxDMn gocToBepHO 6ostbItie
y KypCaHTOB, 3aHUMAIOLUXCS LIUKINYeCKUMU BUJAMU
CIOPTAa, M0 OTHOLIEHUIO K KypCaHTaM, He 3aHUMaro-
L[AMCSI BHEYDOUHOU JTOKOMOTOPHOM JABUTaTeIbHOU
aKTUBHOCTBIO, UTO TOZIpa3yMeBaeT Hainure O0JIbILero
aZlarTalOHHOTOo pe3epBa y nepBbix [10, 11]. OgHako
P4 aBTOPOB cumTaeT yBenuueHre MxDMn o 500 mc
1 Oosiee pa3BUTHEM CUHOATPUAILHOM O/I0Ka bl U (WITH)
cMeltjeHueM BoauTesisi putMa [12, 13].

C yueToM aHasv3a JaHHbIX UcciegoBaHigd SDNN
u CV, MoKa3bIBaIoIero Hauure JJ0CTOBePHBIX OT/IMUHI
MeXly KypCaHTaMU, He 3aHUMatOLUMUCS BHEYDOUHOU
JIOKOMOTOPHOM /IBUTaTe/TbHOW aKTUBHOCTBIO, U KypCaH-
TamH, 3aHUMAIOLLUMHCS LIUK/IMYeCKUMU BUIaMU CIIOpTa
B MPO(UIBHBIX CEKLIUSIX, MOKHO TOBOPUTbH O TOM,
YTO CTpaTervs afanTaluy reMoJUHaMUKU B KOTOPTe
«I[UKJIAYeCKre BUIbI CITOPTa» COCTOUT B yBenue-
HUM AJIUTeNbHOCTU R-R MHTEpBaioB U yBeMueHUu
BapuabebHOCTH PUTMa CepALia, YTO B CBOKO Ouepelb
00BSICHSIETCS TIOBBIIIIEHHEM BKJ/Ia/la TTapacuMIIaThye-
CKOU BereTaTMBHON HEPBHOUW CUCTEMBbI B PETYIISALIUIO
paboThl cep/euHO-COCYAUCTOM cucteMsl [9, 14].
Y KOropThbl «UTrPOBbIE BU/ibI CTIOPTa» KOMIIEHCATOPHO-
TIPUCIIOCOOUTE/TbHBIE TIePeCTPOUKU COCTOSIT TOTBKO
B yBe/IMUEHUHU JJIUTETbHOCTH KapJUOUHTEPBaJIOB.
Y KOropThl «He 3aHUMalOLLeCs» U «CaMO3aHUMaro-
ecsi» HabroaeTcst 001ast cTpaTerys afarTalum,
3aK/THOYAIOLIAsACs B CMeLlIaHHOM MeXaHU3Me YIIPaB/IeHUst
PUTMOM CepZLia— IO NoKa3aTesisiM BpeMeHHOW 00/1acTi
He ObI/IO BBISIB/IEHO IOMUHUPYIOIIIETO 3B€Ha PeryJIsiLiuu
(1IeHTpa/IbHOTO W/IXM aBTOHOMHOT'O KOHTYDOB).

AHanu3 crieKTpanbHbIX TI0Ka3aresieli Bapuabenb-
HOCTHU pUTMa cepALia B (JOHOBOM COCTOSIHUHU TaKKe
BBISIBUI PsiJ] 3aKOHOMEPHOCTeH B CTpaTeruu afanTaluu
(Tabs. 2). Obmias momHocTh criekrpa (TP wiu total
power) Obl1a JOCTOBEPHO O0JIbILIE Y KyPCAHTOB, 3aHH-
MarOLIUXCS LMK/IMYeCKUMM BUIJaMU CIIOPTa, M0 OTHO-
IEHUI0 K KypCaHTaM, He 3aHUMaroLLMMCS] BHEYPOUHOU
JIOKOMOTOPHOMU JIBUTaTe/TbHON aKTUBHOCTHIO. CumnTaert-
Csl, YTO C POCTOM CITIOPTHMBHOI'O MacTepCTBa U YPOBHS
(busrueckoit U QyHKIIMOHATLHOM TI0/[TOTOB/IEHHOCTU
pacteT u 3HaueHue TP [9, 15]. Bonblive 3HaueHUst
00111eii MOILIJHOCTH CIeKTPa Y KOTOPThI «L[UK/TAYeCKHe

CARDIOLOGY

BU/IbI CITIOPTa», BEPOSITHO, TOBOPSIT O OOJIbIIIEM afianTa-
LMOHHOM pe3epBe, ()OpMHPYyeMOM 3a CYEeT aKTHUBaL[U1
CTPYKTYPHO-KOMITeHCATOPHBIX TIPOLIECCOB Ha K/1eTOY-
HOM U CyOK/1eTOUHOM ypoBHsiX. Ho 1ipy 3TOM 13yueHue
OT/Ie/TbHBIX TIEPUOANYECKUX COCTABISIOIINX KosleOaHui
pUTMa cep/Lia MoKasaso, UTo y KypCaHTOB, 3aHHMalo-
LIUXCS UKINYeCKUMU BUAMU CIIOPTa, JOCTOBEPHO
6onbire 3HaueHre VLF (very low frequency v ouenb
HU3KouacToTHBIe Konebanust) u LF (low frequency
W/TM HU3KOYACTOTHBIE KoJjile0aHwUsi) TI0 OTHOLIEHHUIO
K KypCaHTaM, 3aHUMarLUMCSI UTPOBBIMU BHIaMU
criopta. JlaHHbBIN (peHOMEH T103BOJIsIeT MPe/Iio/iararh,
YTO Y KypCaHTOB, 3aHUMAOLLUXCS [IUKIAUEeCKUMU
BUZIAMU CIIOPTa, B OOJbIIIeN cTereHn aKTUBHBI TUIIO-
TajlaMUUeCKUH U TUMOWUeCKUH OT/e/ bl LIeHTPa/TbHON
HEpPBHOM CHCTEMBI, ¥ B OO/IbIIIeH CTeTeH peatn3yeTcst
PEeHVH-aHTHOTeH3MHOBAsi CUCTeMa, UTO CBSI3aHO C OUeHb
HU3KOUYaCTOTHBIMU KO/Ie0aHUAMU; a TakKKe B OOJIbIIIeH
CTeleHu yBe/lndyeHa aKTUBHOCTb MapaBeHTPUKYJISIPHBIX
siiep TUMoTaIaMruueCcKoi 06/1acTH, poCTpasbHbIX BeH-
TpoJiaTepasbHbIX sifiep POAO0JIr0BaTOro MO3ra, Y4aCTKOB
TUMIOKaMIia, MeZro0a3asbHbIX OTJe0B BUCKA, UTO
CBSI3aHO C HU3KOYACTOTHBIMH KojiebaHusamu [16, 17].
To ecThb cucTeMbl HEMPOBEreTaTUBHOTO ¥ HEMPOTOPMO-
HaJbHOTO yTIPaB/IeHUs Y KOTOPThI «JUKIAYECKHE BUJIbI
CTIOPTa» HAaXOASATCS B HECKOJIBKO OO/IbIIIeM HarpspKeHH,
YyeM y Jpyrux.

OjHako NpH OLleHKe OTHOCUTEIbHBIX BeJIMUUH
BOJIHOBBIX Moka3aresneidi BPC 6b110 00HapyKeHO
Y CTaTUCTUYECKHU MOATBEPXKJEHO, YTO KypCaHThI
YUT'A, He 3aHUMaIOLL1ECS] BHEYPOUHOU JIOKOMOTOPHOU
JIBUraTeIbHOW aKTHBHOCTBIO, UMEIOT JOCTOBEPHO
Oo/bLINE BK/IaZi OUeHb HU3KOUACTOTHBIX KOJieOaHUM
B OOIIIyI0 MOIIJHOCTB CTIeKTpa M0 OTHOLIEHHIO K Kyp-
caHTaM, 3aHUMaOL[UMCS B TIPOGUIBHBIX CIIOPTHB-
HBIX CeKIUsl U BBICTYMAIOIUX 3a cOopHyo YUTA,
1 K KypcaHTaM, CaMOCTOSITe/TbHO 3aHUMAIOLLIUMCSI
BHEYPOYHOU JIOKOMOTOPHOM ZIBUTaTeIbHOW aKTUBHO-
cThto (puc. 1). VI3 uero MoXXHO cZieniaTh BBIBOJ, UTO,
HEeCMOTPSl Ha CpeJiHHe BeJTMUUHBI MJIOLaAu CIeK-
Tpa VLF, yBenuueHHas 0/ OUeHb HU3KOUaCTOTHBIX
Ko/le0aHUI B KOTOPTe «He 3aHUMArOIIUeCs» TOBOPUT
0 HamnpsKeHUU PEeryasiTOPHBIX CUCTEM U, BO3SMOXKHO,
pa3BUTHU ryIiepajanrtos3a [9].
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HawubonblIiieti foeii BbICOKOUAaCTOTHBIX KoJie0aHHi
(HF, high frequency) obnazaroT KypcaHTbl, 3aHAMar0-
LieCst UTPOBBIMK BUIaMu criopta. Mx rmokasarens HF,,
JIOCTOBEPHO OOJIbIlIe aHA/IOTHUHBIX 3HAYeHUH KypCaH-
TOB, He 3aHUMAIOLMXCS BHEYPOUHOH JJOKOMOTOPHOM
JIBUTaTe/IbHOW aKTUBHOCTBIO, U KYPCAHTOB, 3aHUMal0-
LMXCS LIMK/IMYeCKUMU BU/IaMU CIIOPTa, UTO yKa3bIBaeT
Ha 0071bI1Iy10 aKTMBHOCTL N. vagus ¥ O0/IbIIIy 0 3aBUCH-
MOCTb CepZIe4YHOr0 pUTMa OT JibIXaTe/IbHbIX U3MeHEeHN!
KPOBEHAIO/HEHHWs CeP/eUHbIX TTOI0CTeN y MepBbIX
10 OTHOLIEHHIO KO BTOPBIM U TPETHUM.
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Puc. 1. CooTHoLLeHWe cnekTpoB BPC y KypCcaHTOB MHCTUTYTa
rpaXx4aHCKON aBMaLmm B COCTOAHMMN DOHa.
H — He 3aHuMatoLmecss, C — camo3aHnmMaroLmecs,
N — nrpoBble BUAbBI CNOPTa,

L| — umknmyeckne Buabl crnopTta

Fig. 1. The ratio of HRV spectra among cadets of the Institute
of Civil Aviation in the background state. N — non-exercising,
S — self-exercising, P — playing sports, C — cyclic sports

O6001MB JaHHBIe UCCITe/JOBaHKS BOTHOBOM CTPYK-
TYPbI CEPJEYHOr0 PUTMa B (JOHOBOM COCTOSTHUM, MOYKHO
TIpeTI0N0KUTh Ha/IMuKe pa3HbIX CTpaTeruii Mpucro-
cobsieHHs1 TeMOAMHAMUKHU K yueOHOM U ¢u3nuecKon
Harpy3kam y o0ciiefyeMbix Koropt. Tak Haubosbliieit
LleHTpa/IM3aLyei CepAeyHoro putMa o rnokasaresisim
CIIeKTpasIbHOTO aHa/M3a 00/1a/1at0T KYPCaHThI, He 3aHH-
Marolrecs: BHEYPOUYHOU JIOKOMOTOPHOM JIBUTATe/IbHOU
aKTUBHOCTBIO, Y HUX B HAUOOJIbIIIeH CTeTrleH! aKTUBHbI
KapAUOCTUMY/IMPYIOLLME U Ba30OKOHCTPUKTOPHbBIE 30HbI
TOJIOBHOTO M03ra, a TakyKe HarpshkKeHbl MeXaHU3MBI
HeWPO3HAOKPUHHOW CTUMYSLUKU. KypcaHThl, 3aHU-
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Marolecs UKINYeCKUMU BAJaMU CIIOPTa, Takxke
00/a/jat0T TIOBBIIIIEHHOW aKTUBHOCTH 1[@HTPaJTbHOTO
KOHTYypa pery/isiliiy CepAeqHoro puTMa, 4ro, BeposiTHO,
CBSI3aHO C HaMpsDKeHHBIM TPEHUPOBOYHBIM MPOLIECCOM,
OJJHaKO y4WThIBas BbICOKHe 3HaueHus TP u muiomagu
cnektpa HF, MO)KHO mipeziosiaraTtse HajiMuule y HUX
00BIIIOro a/janTalIOHHOTO, MO-PYTOMY CTPYKTYPHO-
¢yHKUMOHANBHOTO, pe3epBa. CTparervs ajanTtanun
KYPCaHTOB, 3aHUMAaIOLLMXCS. UTPOBBIMY BHZIAMU CIIOPTA,
BBIIVISIIUT KaK yBeMYeHue BUSHUS KJIeTOK CUHOAaTpU-
a/IbHOTO y371a U O/Ty>KJarolero HepBa Ha Cep/leuHbIi
PUTM, C/Je/ICTBUEM Yero SIB/ISIeTCSl HalMuve pecrnupa-
TOPHOU CUHYCOBOM aputmud [9, 10].

[Ipu mepexofe W3 MOJOXKEHUS Jie)Ka B BEPTH-
Ka/IbHOE M0JI0KeHHe B CpeiHeM Y KypPCaHTOB BCexX
KOropT Habmoziaack HOpMaJsibHasi KapIuOBacKy/IsipHast
peakLys: JINTeIbHOCTh MaKCHMa/IbHOI'0 ¥ MUHUMaTIb-
HOTO KapAWOWHTEPBAaJIOB Oblla CHI)KeHa, yMeHbIIIeHa
BapuabenbHOCTL puTMa cepna. [Ipu Hanmuuuu obiero
XapakTepa peakL[y Ha OPTOCTaTUYeCKU CTPecc KO-
JIMYeCTBeHHOe U3MeHeHHe [0Ka3aresiel BpeMeHHOU
Y 4aCTOTHOM 006/acTell BapuabeTbHOCTH PUTMa Cepzilia
otnuyaercs. Hampumep, B uccieoBaHNN ObLIO TI0-
Ka3aHo, UTO KOTOPTa «He 3aHUMaroluecsi» obmagaer
IIOCTOBEPHO MeHbIINMU 3HaueHUssMU R-R min, R-R
max ¥ RRNN, uem KOropThl «UrpOBbIe BU/IBI CIIOPTa»,
«1JUK/MUecKre BUABI criopTa». [Tokasarens Bapua-
GenbHOCTH puTMa cep/iia RMSSD Takoke 10CTOBEpHO
MeHbllle y KypCaHTOB, He 3aHUMaOLLUXCsl BHEYPOUHON
JIOKOMOTOPHOM ZIBUTaTe/IbHOM aKTUBHOCTHIO, TI0 OT-
HOLLIEHHIO K KypCaHTaM, 3aHUMaOLUMCSI UTPOBBIMU
Y LJUKJIMYeCKUMHU BUJAMH CIOPTa B MPOQUIbHbBIX
CeKLUSX.

HecmoTpst Ha MpYMepHO OJMHAKOBbI YPOBEHb
Jlerpeccuy BpeMeHHbIX Toka3aTeneid BPC oTHocu-
TebHO (DOHOBBIX BeJTMUKH, 0CO00 HU3KHe 3HAYeHUs
JJTUTeIbHOCTY KapMOUHTEPBAaIOB U BapHabeTbHOCTH
CepieyHOr0 PUTMa yYKa3bIBalOT Ha BBICOKYH0 aKTUBHOCTh
CPOUHBIX MeXaHW3MOB runephyHKLMY MUOKap/a Y Kyp-
CAHTOB, He 3aHMMAIOLIMXCS] BHEYPOUHOM JIOKOMOTOPHOM
[ BUraTe/IbHOM aKTUBHOCTBIO, [IePBOIPUYMHOMN Yero
MOXXET SIBJISITBCS] MaJIblil CTPYKTYPHO-(DYHKLIMOHATBbHBIN
pe3epB MHOKap/a, KJIeTOK HepBHOW U SH[JOKPUHHOMN
CHCTEM Y MOC/IeJHUX.
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CnekrpanbHbeii aHanu3 BPC npu AOIT nokasan
cawkenue TP, HF-, LF- u VLF-konebanuii y Tpex
KOTOPT: «He 3aHUMaoII1ecs», «caMo3aHUMalolue-
Cs1», «JUK/IMYeCKre BUZBI ClIOpTa». B uccieoBaHusx
H.J. IIInbIK 1TOKa3aHo, 4TO peakLjus Ha OPTOCTaTuue-
CKYIO Harpy3Ky 3aBUCHUT OT TUIIA Pery/sLuU CepieuHomn
nesitenbHOCTH [18]. TIpy JOMUHUPOBAHKWK aBTOHOM-
HOWU perynsuuu psf BpeMeHHbIX (R-R min, R-R max,
RRNN, RMSSD, SDNN, MxDMn) u Bce 4aCTOTHbIe
noka3aresii BPC /1o/DkHBI leripecCUpOBaThCs Ha hoHe
aKTUBAaLMU KaK aBTOHOMHBIX, TaK U LIeHTPa/IbHbIX CH-
cTeMm yrmipasJieHusl. [Ipy MCXOQHOM JOMWHUPOBAaHUN
L[eHTPa/IbHOTO KOHTYypa pery/silyu (3aBefoMo Hebia-
TOMPUSITHOTO) NMPOUCXOAUT yBennueHue TP 3a cuer
LF- u VLF-konebaHuii — JAaHHBIN TUTT peaKI[UX TPAKTY-
€TCs1 KaK Mapa/ioKCaIbHbIN U SIBISIETCS HEeXKeJIaTe/TbHbIM,
CBHU/IETE/ILCTBYIOLIUM 00 yTOM/IeHMU opraHu3ma. I1o-
BBIIIIeHYE TUIOLA/IM CIIEKTPa HU3KOYACTOTHBIX Y OYEHb
HU3KOUACTOTHBIX KOJTe0aHMIA Y KOTOPThI «MTIPOBbIE BUJIBI
criopta» ipu AOII ckopee BCero CBSI3aHO C TSHKeJIbIM
TeueHHeM TPeHUPOBOYHOIO MPOoL{ecca U HapylLleHneM
BOCCTaHOBJIeHUs (puc. 2).
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Odon / background values B AQOII / Active orthostatic test

Puc. 2. MNapagokcanoHas peakumns Ha AOTT y KypcaHToB
WHCTUTYTa rPpaXkAaHCKOWM aBnaumm, 3aHUMatoLLMXCA UFPOBMM
BMAaM crnopTa

Fig. 2. Paradoxical reaction to active orthostatic test among
cadets of the Institute of Civil Aviation engaged in playing
sports

Haubonee 6aronpusiTHoi peaknuei Ha AOTI
00/1a71af0T KypCaHThI, 3aHUMaOIIMeCs LUKIuYe-
CKHMMHU BHJlaMU CIIOPTa B NPOGUIBHBIX CEKLUSAX,
X peaklMsl Ha CTpecC 3aK/I4Jaaachk B yMepeHHOM

CARDIOLOGY

ymenbiienun HF-, LF- u VLF-kone6anuii, a Takxe
B YBEeJTMUEHUHU JI0TM HU3KOUaCTOTHBIX KoJiebaHMI
3a CUeT CHIDKEHUS 01 BbICOKOUACTOTHBIX U OUeHb
HU3KOUYaCTOTHBIX KosieOaHui. [laHHast peakijys pea-
JIN30BBIBaIach 3a CYeT reTePOXPOHHOTO BOB/IEUEHUST
B MPOLIeCC Peryasaiuu CepJleuHou AesaTe/IbHOCTU
cuMIiaToaJpeHaJoBOM U peHUH-aHTUOTEeH3UH-
a/NbJ0CTePOHOBOM cucTeM [9].

BbiBOAbI

[IpoBeneHHOe Hccnef0BaHME Psifia BDEMEHHBIX
¥ CTIeKTpasIbHBIX TT0Ka3aresieil BapuabebHOCTH pUTMa
cepALa KypCcaHTOB MHCTUTYTA I'Pak/IaHCKOW aBHUaL[u1
TI0Ka3aJ/I0, UTO CTpaTerus ajanTaluy K yuebHoM 1 ¢pu-
3U4YeCKON Harpy3kaM OyZieT OT/IMuaThbCsl B 3aBUCUMO-
CTH OT THIIA U peXkuMa JIOKOMOTPHOM /IBUTaTe/IbHON
aKTUBHOCTH. B ()OHOBOM COCTOSTHUM HauOO/IbIIeH
BaprabeTbHOCTBIO CepeUHOr0 PUTMa I10 ITOKa3aresIsiM
RRNN, RMSSD, SDNN, MxDMn 006/1a/1af0T KypCaHTH,
3aHUMalOLIMeCsl UK/IMYeCKUMU BAZIAMU CIIOpTa B TIPO-
(UMBHBIX CEKLUSX, Y HAX JKe BbIsIBJIeHa HauOOoIbIIast
J/IMTe/IbHOCTh KapAuouHTepBasoB. HauMmeHbmmmu
3HaueHUsIMM B aHAJIOTUYHBIX [TOKa3aTessix 00maaroT
KypCaHTbI, He 3aHMMarol1ecsl BHEyPOUHOUH JIOKOMO-
TOPHOW JIBUTaTe/IbHOW aKTUBHOCTBIO. CaMOCTOSATE/TBHO
3aHMMarOLIVeCs KYPCaHTbl M KypCaHTBbI, 3aHUMaroLLieCst
WTPOBBIMU BUZIAMU CIIOPTA, 3aHUMAKOT [IPOMEKYTOUHYHO
TO3ULMIO, UMesl OTHOCUTEJIBHO CpeJiH/e Be/TMYMHBI
anuTenbHOCTH RR-MHTEpBanoB 1 BapuabenbHOCTD
pUTMa cepzLa.

AHanus rnokasaresied CeKTpaJbHOIO aHau3a
BBISIBUJI B HEKOTOPOM CTeIeHU MPOTHBOPEUUBYIO
KapTHHY, C OZHO! CTOPOHBI B KOTOPTE «LIMK/INYeCKHe
BU/IbI CIIOPTa» OBLTH MO/TyueHbl HAUOOJIbIIINe 3HaYe-
Hus TP, ykasbiBaroljyie Ha BbICOKUM YPOBEHb Pa3BUTHS
CTPYKTYPHO-(YHKI[MOHAbHBIX Pe3epBOB, a C Jpyron
CTOPOHBI B 3TOM >Ke KOropTe 3a()MKCMPOBaHbI BEICOKHE
3HaueHus1 VLF- u LF-konebaHui, parorye rpaBo pac-
CY’>KZaThb O HECKOJIbKO MOBBIIIIEHHOM L{eHTpaIn3alin
yIipaBJieHusl CepZeYHbIM pUTMOM. biiaronpusaTHomn
cTparervei ajanranuy 06sazan KypCcaHThl, 3aHU-
Marolecss UTPOBbIMU BH/laMU CIIOPTa: HECMOTPS
Ha OTHOCUTE/IbHO CHW)KeHHbIe BenurHbl TP, y 5101
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KOTOPThI OB BLICOKHE TIOKA3aTe v TIJI0IAU CTIeKTpa
U g0 AbixareabHbix HF-KomebaHui.

Peakiiust Ha opToCTa3 y KOTOPT «He 3aHUMalo-
muecs», «CaMO3aHUMarIuecsa» U «qUK/INn4YeCKue
BH/IbI CTIOpTa» Oblyia G/1aronpusiTHa M 3aK/It04anach
B YMEPEHHOM CHIPKEHMH Kak 00I1Iel MOIITHOCTH CITeK-
Tpa, Tak U BCeX ee KOMIIOHEHTOB. KoropTra «UrpoBbie
BU/IbI CITOPTa» MPOZIeMOHCTPUPOBAJia NapaZloKCaibHYHO
PeakIHio: MPU He3HAUUTETbHOM CHIKeHHUU TP 6b110
ronyueHo yBesmuenre VLF- u LF-konme6anuii, uto
yKa3bIBaeT Ha rUreppeakLyio KapguoCTUMYIMPYIOLIUX
U Ba30KOHCTPUKTOPHBIX OT/Ie/IOB TOJIOBHOTO MO3Ta,
BEpOSITHO CBSI3aHHYHO C NePUOZ0M HarpsDKeHHBIX Tpe-
HUPOBOK M YTOMJIEHUEM.

Takum 00pa3oM, UTOTH UCC/IeZJOBAHUS YKa3bIBalOT
Ha pa3BUTHe 001I[eld CTpaTeruy aJjanTal[iy Y KypCaHTOB,
3aHUMAIOLUXCSl UTPOBBIMU U LIUK/IMYECKUMU BUAMU
CriopTa B TIPO(UJIbHBIX CEKIUSX, U Y He 3aHUMato-
LIMXCS U CAMO3aHUMAIOIIUXCST KyPCAHTOB. Y TMepBbIX
B HanbosbITield cTerneny cOpMHUpPOBaH aZlalTal[MOHHBIN
CTPYKTYPHO-(YHKLIMOHA/IbHBIN pe3epB CcepeuHo-
COCYAMCTOW ¥ HeWpPOIHAOKPUHHON CUCTEM, XOTs
Y BbISIB/IEHBI TIPU3HAKU Pa3BUBAIOLLIETOCS YTOMJ/IEHUSI.
BTopele ke 00/1a/1at0T MEHBIIIMM Pe3ePBOM K afiarTa-
LMY, a 3HAUWUT ¥ MEeHBIIUM MOTeHL[MalbHbIM YPOBHEM
paboToCroCcoOHOCTH, GU3HUUECKOTO ¥ (BYHKI[MIOHATLHOTO
COCTOSTHUSI.

Pesynbrathl, o/iydeHHbIe TI0 UTOTAM UCC/IefioBa-
HUs1, MOTYT OBITh ICTIO/Tb30BaHbI 151 AU depeHIpoBa-
HUS yueOHOU 1 (h13UUeCKOM Harpy3Ku U MOJIepHUA3aI N
CUCTeMbI (PU3MUECKOr0 BOCITUTAHHUS B BBICIIIUX YUeOHBIX
3aBe/IeHUsIX y JIETHBIX CIelhabHOCTeH.
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Abstract. Relevance. Stress is how a person interprets and reacts to situations deemed too stressful or dangerous for
them. Medical students’ academic achievement and physical and mental health are frequently negatively impacted by stressful
environments in medical institutions. Cardiovascular fitness is the most important physical fitness factor associated with health,
and physical fitness is a potent health indicator. The maximum quantity of oxygen that a person can transport to their working
muscles during intense exertion is measured by their maximum oxygen uptake or VO, max. When the connection between
stress and physical activity has been studied, it has usually been from the standpoint of how exercise can improve mental health
outcomes. Conclusion. Exercise and physical activity have been shown to positively impact mental health and the capacity to
handle stressful situations. Additionally, it seems that exercise therapies enhance depression status.
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Introduction

All do not agree with the definition of stress.
«Stress is a word used to describe experiences that
are challenging emotionally and physiologically,»
according to McEwen. Stress can be characterized as
a condition of threatened equilibrium that is resisted
by physiological, biochemical, affective, and cognitive-
behavioral adaptive systems that work to restore
balance. Recovery processes always come after stress
reactions, and extreme, ongoing, or unfamiliar stressors
can hamper them. Fitness is a person’s adaptive capacity
to handle stress, which may increase their risk of illness
when it is exceeded. Stress has been definitively related
to the genesis of both acute myocardial infarctions and
the prevalence of coronary heart disease. High stressors
have a decreased likelihood of surviving cardiac
episodes. The immune system is known to be altered
by stress, and people who experience high amounts of
stress are more susceptible to contracting an infection.
Overstressed individuals also experience weakened
neurological systems. A wide range of mental symptoms,
such as cognitive impairment, dementia, and extreme
exhaustion, are also linked to stress. Intervention and
prospective research indicate that physical activity and
exercise regimens lower perceived stress in everyday
situations. Randomized clinical research has shown
that exercise is a helpful tactic for improving quality
of life, stress symptoms, and perceived stress. Physical
activity mitigates the effects of psychological stress on
heart rate responsiveness and suppresses the increase
in stress-related chemicals and serotonin [1].

One of the biggest issues facing medical students
is stress, as described worldwide [2]. Medical students’
physical and mental health are adversely affected by
excessive stress levels, as has been established [3,4].
Aerobic capacity, or cardiorespiratory fitness (CRF), is
one of the most important aspects of physical fitness. The
body can engage in dynamic, high-intensity, extensive
muscle exercise for extended periods. Maximum oxygen
consumption, or VO2 max, is thought to be the most
often used indicator of cardiac and pulmonary function
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(CRF). It provides a starting point assessment of an
individual’s heart and lung capacity and can be used
to track daily exercise development [5]. The capacity
of the circulatory system to provide oxygen to working
muscles during prolonged physical exercise is measured
by cardio-respiratory fitness. Roughly one-third of
deaths from colon cancer, diabetes, and coronary heart
disease are caused by inadequate physical exercise.
These illnesses are also being exacerbated by the rising
rate of obesity. Maximum oxygen consumption, or
VO2max, is the most oxygen a person can breathe
in and use to generate energy, i.e., ATP aerobically.
Future doctors are medical students; a good doctor
must be cognitively and physically aware. They get less
exercise and experience various stress, mainly due to
their demanding academic schedules [6].

Stress

Stress is a physiological and psychological
imbalance that happens when someone believes
that the demands of a situation are higher than their
capacity to meet those demands. It is a person’s normal
response to an unforeseen event that occurs in their
lives. This response could be emotional, mental, or
bodily. Medical definitions state that stress happens
when an individual feels threatened by a situation,
and their body reacts accordingly. The body releases
hormones in preparation for action. Elevated heart rate
and blood pressure improve blood supply to the heart
and muscles. The digestive system is one of the less
vital organs where there is are reduced blood flow. There
have been reports of nausea, palpitations, and dizziness
under stress. Stress can impact us in both good and
bad ways. While negative stress can harm our physical
and mental well-being, positive stress can motivate us
to take action. On the other hand, negative stress can
produce feelings of concern, discomfort, furry, and
melancholy. The extensive and demanding nature of the
medical curriculum has been shown to have a negative
and stressful impact on student’s health. When a crisis
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strikes, the majority of medical student mental health
services don’t like to seek care for their psychological
issues. Exam stress causes medical students to become
less productive and perform poorly, which makes
learning more complex over time. This cycle keeps
happening over and over.

Most medical students’ days begin with an
overwhelming number of thoughts. Fear of failing and
an extensive syllabus that is impossible to complete in
the allotted time are medical students’ primary sources
of stress. In the event of a failure, there would be a one-
year loss and the possibility of being dropped from
medical school. One lacks the bravery to confront their
passing classmates in such a circumstance, and they
also have to adjust to a new setting with the juniors,
which is extremely challenging and ultimately causes
them to study under pressure. Ultimately, they learn
nothing and forget what they have previously learned.
They frequently start to doubt their selections as a result
of this. These incidents all result in low confidence
and self-esteem. Moreover, another aspect of medical
school that is utterly disregarded is the fear of ragging.
Medical students have committed suicide in certain
cases as a result of severe torture and psychological
terror of being raped. As a result, one can never truly
comprehend the mental strain a medical student
experiences during their education. And most medical
students are unsure of what to do at that point. The
majority of students experience stress and anxiety due
to excessively high family expectations and a lack of
support from their families. This causes changes in the
serum levels of several hormones, including prolactin,
growth hormones, and catecholamines. These chemical
changes are essential for the body’s fight-or-flight
response, which is the body’s adaptation to stress [7].

Prior studies have indicated that medical students had
high-stress levels during training, negatively impacting
their classroom performance and social, physical, and
emotional well-being [8]. Stress is how a person interprets
and reacts to situations deemed too stressful or dangerous
for them. Stress response, or the typical «fight or flight
reaction,» aids in our physical survival [9]. Research on
physiological processes has demonstrated that stress can
impact the immunological, endocrine, and hemopoietic
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systems regardless of origin. Cortisol and cytokines appear
to be crucial for these systems’ communication [10].
During a stress reaction, the hypothalamic-pituitary-adrenal
(HPA) axis and the sympathetic nervous system (SNS)
are triggered [11]. Non-specific alterations in the body,
including the release of catecholamines that increase blood
pressure, heart rate, and cardiac volume, are brought on
by the SNS activation [12].

Stress is typical and process-oriented among
medical students [13]. Medical students’ academic
achievement physical and mental health are frequently
negatively impacted by stressful environments in medical
institutions according to several studies [14]. Thirteen
first-year medical students report significant levels of
perceived stress [15—17]. Medical students sometimes
face a stressful atmosphere due to various variables,
such as exam anxiety, high parental expectations, social
pressure, a lack of free time, financial difficulties,
strained relationships, and lofty goals [18, 19]. In non-
Western nations, there have been high rates of student
suicide attempts, ranging from 1.8 to 53.6% of students
who report considering suicide during their studies,
and medical schools in India have been identified as
particularly stressful environments [20, 21]. Various
studies have been carried out to investigate stressors
among medical students worldwide [18, 21-25]. These
studies show significant variations in how everyday
stress is in students, from 37.3-97%. The differences
have been attributed to demographic variation in the
samples, students in different studies in other academic
years, varying case definitions, and a lack of uniformity
in measuring tools [26].To improve consistency,
Muhamad et al. (2011) identified six primary stressor
are as: drive and desire-related stressors (DDRS),
social stressors (SRS), teaching and learning stressors
(TLRS), academic stressors (ARS), interpersonal and
intrapersonal stressors (IRS), and group activity-related
stressors (GARS) [27, 28].

Cardiorespiratory fitness

Cardiovascular fitness is the most important
physical fitness factor associated with health.
Physical fitness is a potent health indicator [29].
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While numerous elements reach the maximum
level of physical fitness, regular physical activity
is necessary to support the development of physical
fitness. Inadequate physical activity increases the risk
of obesity and mental health problems in addition
to non-communicable diseases like cancer, diabetes,
heart disease, and stroke. Numerous mechanisms
have been found to link physical activity to improved
mental health: psychological (by increasing physical
self-perceptions, social connections, mood, and
emotions); behavioral (by increasing sleep quality and
volume, coping mechanisms, as well as self-control
abilities in day-to-day actions); and neurobiological
(by increasing the expression of neurotropic genes
and proteins, activating endogenous opioids, and
increasing grey matter volume) [30]. More so
than any other low physical fitness, especially
cardiorespiratory fitness, is a known risk factor that
seems to be a significant predictor of morbidity
and death from cardiovascular and other causes
[31, 32]. It is well known that physical fitness is
the whole range of physical characteristics that can
be seen as an integrated indicator of the different
structures and functions involved in performance.
It includes strength, endurance, cardiovascular
health, flexibility, and coordination [32]. There are
two closely related definitions of physical fitness:
general fitness, a condition of health and wellbeing,
and specific fitness, which is the ability to carry out
a particular task involving muscular exertion [33].
It is preserved by leading a healthy lifestyle that
includes regular exercise. It has a beneficial effect
on the cardiorespiratory system. Numerous factors,
including genetics, environment, socioeconomic level,
regular exercise, diet and nutrition, and adequate rest,
affect one’s ability to be physically fit [34, 35].

The maximum quantity of oxygen that a person
can take in, known as maximal oxygen absorption (VO,
max), is constant over time, even with increased effort.
Maximal oxygen consumption measures how much
oxygen is used by working muscles.

VO, max can be expressed as a relative value
in mL/kg/min or as an absolute value in L/min. In
exercise physiology, one of the most accessible metrics
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is maximal oxygen absorption (VO, max). Clinical
research has employed VO, max in various methods to
gauge physical performance. It serves as a population-
level indicator of cardiovascular disease and physical
fitness. VO, max is widely used by professional athletes
and those with various medical issues. According to
Hill A.V., the rate at which massive amounts of oxygen
are transported from the surrounding environment into
the mitochondria to enable the oxidative synthesis of
adenosine triphosphate (ATP) necessary for performing
physical activity is limited. A person’s maximal oxygen
consumption can indicate their fitness level and heart
disease prevalence. The gold standard for determining
someone’s cardiorespiratory endurance is their max.
According to Shephard RJ, a VO, plateau is the main
goal for reaching VO, max. In the case that avVO,
plateau is not attained, several secondary requirements
must be met. These include a blood lactate content
of more than 8 m mol/L, an increase in heart rate to
the age-predicted maximum, and an increase in the
respiratory exchange rate (RER) greater than 1.15. VO,
max estimation can be used to determine a person’s
cardiorespiratory fitness directly or indirectly.
Cardiorespiratory fitness is categorized as very poor,
poor, fair, good, excellent, and superior for both
genders based on Western population VO, max values
[36]. Aerobic capacity, or cardiorespiratory fitness
(CRF), is one of the most important aspects of physical
fitness. Maximum oxygen consumption, or VO, max, is
thought to be the most often used indicator of cardiac
output. It provides a starting point assessment of
an individual’s heart and lung capacity and can be
used to track daily exercise development [37, 38].
Cardio-respiratory fitness plays a significant part in
lowering the prevalence of cardiovascular diseases
and mortality in India’s population. Recent research
has demonstrated that behavioral factors, including
physical inactivity and low levels of cardio-respiratory
fitness, are to blame for the significant national health
burden of chronic diseases. The study identified several
modifiable risk factors affecting cardio-respiratory
fitness, including blood pressure, fasting blood glucose
levels, triglycerides, total cholesterol, high-density
lipoprotein, and thyroid hormone [39].
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Methodology

Records were gathered from around 25 articles.
We extensively searched PubMed/Medline/Elsevier
electronic database to find relevant articles in English
using the following keywords: stress, cardiorespiratory
fitness, yoga, depression, autonomic nervous system,
physical fitness and pranayam. This study aimed to
provide a comprehensive scientific, evidence-based
contribution of pranayam to stress, physical activity, and
cardiorespiratory fitness in first-year medical-surgical
students.

Students who study medicine experience several
psychological shifts, contributing to the perception
that medical education is challenging [40]. According
to Gupta et al., academic reasons accounted for most
stressors (94.9%), with a reported incidence of 91.1%
in India. The first year of the MBBS program is when
medical students feel stressed. Super listed academic,
emotional, physical, and social concerns as the main
stressors in India. Using the «medical students stress
questionnaire,» Muhamad et al. reported six key
domains: academic, social, connected to teaching
and learning, drive and desire related, interpersonal
and intrapersonal, and related to group activities
stressors (GARS) (MSSQ 40) [8]. High levels of stress
may be detrimental to medical school students’ learning
and cognitive abilities [40]. Research indicates that
student’s mental health deteriorates as soon as they
start medical school and doesn’t improve throughout
their education [41, 42]. Stress arises from person-
environment interactions that cause a person to feel an
actual or perceived mismatch between the resources
of their biological, psychological, or social system
and the demands of a given scenario [43]. Medical
students may experience stress due to social, emotional,
physical, or academic issues. While a small amount of
stress is good for you and required to instill a healthy
spirit of competition, too much stress negatively affects
kids [44]. Stress impairs academic performance and
negatively impacts a student’s social life. Anxiety,
depression, interpersonal conflict, insomnia, and drug
and alcohol abuse can all result from it [45]. If left
untreated, depression can have detrimental effects,
including suicide [46].
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Stress has a pernicious effect on both physical
and psychological health outcomes. There is evidence
that stress decreases physical activity. Stress impedes
one’s ability to engage in physical activity. Sedentary
lifestyles and stress can both have negative effects
on physical fitness [47]. Increased physical fitness is
linked to a decreased cardiovascular disease risk. It has
been shown to improve mood, anxiety, depression, and
self-esteem [48]. College life is a period during which
individuals have to struggle with academic workload and
lack of free time — often picking up habits like smoking
and lack of balanced diet posing a barrier to the adoption
of healthy practices. Despite this, medical students are
presumed to have substantial knowledge about physical
activity and its benefits. Nonetheless, studies have
revealed that more than 50% of physicians and medical
students engage less physically than before completing
their graduate degree [49]. There are many benefits to
living an active, healthy lifestyle for individuals and
society. These benefits include increasing productivity,
decreasing absenteeism, improving morale, and reducing
medical costs. Other benefits include improved mental
health, greater physical endurance, increased self-
esteem, and enhanced stress management. It’s common
knowledge that regular exercise has health benefits.
Additionally, it is widely known that frequent exercise in
a moderate to intense manner will reduce the symptoms
and hazards related to the co-morbities of obesity [50].
Medical students must understand stress and know how
to manage it for academic and personal well-being
reasons. We must look after our sleep and sleep patterns
to remain effective in our daily lives. Getting at least 6
to 8 hours of uninterrupted sleep each night is a great
strategy to boost productivity. Regular aerobic exercise,
meditation, and yoga instruction can all be beneficial for
stress reduction. These kinds of activities often cause the
brain to generate endorphins, which lift our spirits and
divert our attention from our problems. They also lift
our spirits and give us greater control over our bodies
and lives. In addition to this, engaging in breathing
techniques can support composure [7].

VO, max has been regarded as the most reliable
measure of cardiorespiratory fitness by the WHO [49].
As the most reliable measure, the maximum oxygen
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consumption (VO, max) attained during a graded
maximal activity to voluntary exhaustion has long
been recognized as a measure of cardio-respiratory
fitness [51]. First, Hill AV and Lupton H discovered
that oxidative energy production for demanding tasks
is supported by a maximum oxygen transfer rate from
the environment to the mitochondria that is limited [52].
Individuals conversely, people with a high VO, max
are less prone to develop chronic illnesses, coronary
artery disease, and all-cause mortality. People with a low
VO, max are more likely to die early [53]. VO, max
achieves its greatest values between 18 and 30, after
which it gradually declines. According to John N et al.,
there are numerous areas in which the Indian population
varies from the Western population, including physical
activity levels, diet, nutrition, body stature, and lifestyle
choices. All of these differences can have an impact on
the maximum oxygen consumption, either directly or
indirectly [54].

Yoga and pranayam

Yoga is a science that has been practiced for
thousands of years in India. It has a strong scientific
foundation and causes physiological changes in its
constituents [55, 56]. Yoga has a prominent position in
the curriculum of the ancient Indian education system.
Studies have shown that yogic practices help to cope
with stress and create harmony within the self. Some
studies have also revealed that female medical students
suffer from a higher level of stress than male students.
This could be explained by the difference in coping
strategies between males and females [57]. Highly
advanced yogis created the science of pranayam using
their intuitive and experienced knowledge of prana
and how it affects human function on different levels
[18]. In Sanskrit, «pranayamas» refer to voluntary,
controlled yogic breathing exercises, such as mindful
breathing. Breathing exercises called pranayama have
been demonstrated to support a physiological response
that includes reduced oxygen consumption, heart rate,
and blood pressure, increased theta wave amplitude in
EEG recordings, and increased parasympathetic activity
coupled with a sense of alertness and rejuvenation.
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For the most part, breathing is automatic. Breathing
adjustments can be made voluntarily or in response to
different environmental cues. As a result, breathing
might be classified as behavioral or metabolic. Because
of the close relationship between emotion and conduct,
breathing that changes during different emotions is
a subtype of behavioral breathing. An essential upper
regulatory center of the autonomic nerve system,
the amygdala regulates breathing and heart rate. The
brain’s limbic system, housed in the medial temporal
lobe, is the emotional regulation center. A fundamental
shift in breathing rhythm is necessary for survival.
Breathing must be integrated with oral, pharyngeal,
and laryngeal motor functions to express emotions
through vocalization and speech. This is an example of
breathing modulation. Emotions, including disgust, rage,
and enjoyment, also affect respiratory activity, even
though the main functions of respiration are related to
metabolism and homeostasis. Although an unconscious
shift in breathing can coincide with emotional states,
voluntary changes in breathing can also be linked to
the activation of the motor cortex. The relationship
between the brainstem, limbic system, and cerebral
cortex — the three regions of the brain that control
breathing may not have a physiological manifestation.
The limbic system processes emotions, the cerebral
cortex governs intention, and the brainstem maintains
equilibrium [57].

At the onset of stress, the hypothalamus secretes
corticotropin-releasing hormone and arginine
vasopressin when the hypothalamic-pituitary-adrenal
axis is activated. Adrenocorticotropic hormone is
released by the pituitary gland in response to stimulation
by corticotropin-releasing hormone and arginine
vasopressin working together. Target organs, the adrenal
glands (especially the adrenal cortex), increase the
synthesis and release of the glucocorticoid hormone
cortisol in response to circulating adrenocorticotropic
hormone. As the last mediators of the hypothalamic-
pituitary-adrenal axis, glucocorticoids regulate stress
and homeostatic processes. During stress, the autonomic
nervous system regulates the hypothalamic-pituitary-
adrenal axis by releasing several substances including
catecholamines (eg, adrenaline and noradrenaline).
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This can then cause the release of chemicals needed to This can also excite the central nervous system and
counteract the stressor, such as chromogranin A, salivary  peripheral nerve fibers (Fig 1) [58].

alpha-amylase, and neuropeptides (substance P).

Fig. 1. The pituitary-adrenal (HPA) axis’s reaction to stress

e Anupkumar et al. discovered that a 12-week
practice of Nadi Shuddhi Pranayama dramatically
lowered PSS scores. The decrease in stress may have
been caused by a decrease in sympathetic activity and
an increase in parasympathetic activity [9].

e The effect of pranayama on stress and
cardiovascular autonomic functioning was evaluated
by Bhimani et al. after two months of practicing various
pranayama and discovered that stress levels were
decreased [9].
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e Sharma et al. found that slow breathing exercises
are more effective at resetting the autonomic nerve
system and, as a result, lowering stress after comparing
the consequences of rapid and slow pranayama on
cardiovascular measurements and subjective stress.
The hypothalamic-pituitary-adrenal (HPA)axis and the
central nervous system (CNS) becomes hyperactive after
prolonged exposure to non-specific stimuli. This results
in a permanent situation where the global stress response
system is dysregulated and too vigilant. Integrated
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yoga practices likely influence the anterior pituitary
and hypothalamus systems via the cerebral-cortical-
limbic pathways. Consequently, the subject’s regulation
of the HPA under stressful situations optimizes the
activation of this system and establishes an equilibrium
between the autonomic nerve system’s sympathetic and
parasympathetic branches [9].

e According to Jerath et al., hyperpolarization
currents and stretch-induced inhibitory signals that
travel the heart, lung, limbic system, and cortex
synchronize neural elements through both neural
and non-neural tissue, functionally resetting the
autonomic nervous system. Fibroblasts generate
a hyperpolarization current when lung tissue is
stretched during inspiration, and stretch receptors
gradually adjust to create inhibitory signals. It is widely
known that the synchronization of neuronal components
by inhibitory impulses and hyperpolarization currents
results in nervous system regulation and a decrease in
metabolic activity suggestive of the parasympathetic
state [9].

e A study by Joshi et al. found that pranayama
increases the amount of time a breath is held and lowers the
pace of respiration. Additionally, it is said that practicing
Kumbhaka, orbreath retention, in most Pranayama poses
improves focus and lowers anxiety [59].

Conclusion

All told a sizable portion of medical students
have mental illness each year, primarily as a result
of the stress they feel while attending medical school.
Normalizing the act of medical students asking for
assistance can profoundly impact the daily lives of
medical students and medical professionals in general.
Effective strategies to deal with stress include being
aware of mental health issues, doing breathing
exercises, getting support from friends and family,
getting professional assistance, and managing your
time well. Pranayama may be useful for managing
stress and improving cardiovascular fitness in medical
students. With VO, max measurements, we can assess
students’ physical fitness and raise awareness of the
value of exercise and lifestyle changes.
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BnusiHue npaHasAMbl Ha CTpeCcC U KapauopecnupaTopHyio noaroToBKy

C.IIpuBacraBa , C.Kakep, H. Cady >
Kosyie[pk MeJUIMHCKUX HayK Pa/pkacTaHCKOTO YHUBEPCUTETA MEUIIMHCKUX HayK,
2. Dcatinyp, PadscacmaH, UHous
D] nehasaboo8@gmail.com

AnnoTanus. CTpeccoBasi peakLjisi — 3TO TO, KaK Ye/I0BeK HHTepPIPeTHPYeT ¥ PearrpyeT Ha CUTyariH, KOTOpble CUMTAIOTCS
CJIVILLIKOM TPeBOKHBIMH MJTH OTIaCHBIMM 711 Hero. AKajieMrJecKasi yCrieBaeMOCTh CTYA€HTOB-MeZMKOB, a TakKe X (hu3nueckoe
Y TICUXWUYeCKOe 3/[0pPOBbe YacTO I10/[BEPratoTCs HeraTUBHOMY B/IMSIHHIO CTPECCOBOM Cpefibl B MEJULIMHCKUX YUPEKIEeHUsIX.
CeppeuHo-cocyucTast IOATOTOBIEHHOCTS SIB/ISIeTCsT Hanbosee BaKHBIM ()aKTOPOM, CBSI3aHHBIM CO 37]0POBbeM, a (hr3nueckas
TIO/[TOTOB/IEHHOCTD SIB/ISIETCSI MOL{HBIM MHAMKATOPOM 3[,0pOBbsi. MaKCcHMa/bHOe KOJIMYeCTBO KMCJI0PO/a, KOTOPOe MOXKeT
cHabXaTh MBILILEI BO BpeMsl MHTEHCUBHOM Harpy3KH, H3MepsieTCs ero MaKCMMaJ/IbHbIM TOTpeb/ieHneM Kuciopoa i VO, max.
HccnenoBaHre CB3U MeXIY CTPeCCOM U GU3UUeCKOH aKTMBHOCTBIO 0OBIYHO OCHOBBIBAETCS Ha M3yYeHUH TOTO, KaK yIIpaXx-
HEHMSI MOT'YT Y/IYUILUTDb Pe3y/IbTaThl ICUXHUUeCKOTO0 3/J0POBbsl. Bbl1o 1okas3aHo, 4To yrnpaskHeHHs U (pri3rdecKast akTUBHOCTh
TIOIOKUTEJTBHO BIUSIFOT Ha TICUXUUYECKOe 3/[0POBbE M CIIOCOOHOCTH CIPAB/ISTHCS CO CTPECCOBBIMU cUTyaLusiMu. Kpome Toro,
[I0Ka3aHo, 4To JiedeOHast GHU3KY/IbTypa CII0COOCTBYeT CHYDKEHHUIO JeTPeCCHH.

KiroueBsble c/10Ba: aBTOHOMHasi HepBHasl CCTeMa, KapJjMopeCIMpaTopHasi TIOArOTOBKa, Aerpeccys, (pusndeckas MojAroToBKa,
TIpaHasiMa, CTpecc, iora

Hudpopmanus o puHaHCHPOBaHUU. ABTODPHI He TIO/Tydaiy (pUHAHCOBOM MOAJEPIKKH A/ UCCIe/[OBAHMS 1 MyO/IUKaluK JaHHON
CTaTbU.
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OPUIT'MHAJIBHOE UCCJIELOBAHUE
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MecCTo KONNeKTUBHOro Aoroeopa
B o6ecneyeHun CTabunbHOCTH TPYAOBDbIX OTHOLUEHUH
B rOCYAapCTBeHHOﬁ MGAMLI,I/IHCKOI?I OopraHu3auuu

T.A. Be3yrbiii"? ™ ¥0.A. Trokos!

! HO>KHO-ypasbCKUH rOCyJapCTBeHHBIA MeAULIMHCKUM yHUBepcuTeT» MUHUCTEPCTBA 3ipaBooxpaHeHust Poccuiickoi
®eneparuy, I. YeasbuHck, Pocculickas Dedepayus
2 IIeHTp UCC/IeIOBAHUI U PEILIeHUH KOIOTMUYeCKUX MPo6/1eM — JKOTIaTo/IoTHs,
r. YenabuHck, Poccuiickass @enepariyst
< timabez7@yandex.ru

AHHoOTanuA. AKmyaabHOCMb. AKTyanbHOCTb paboThl 00yC/IOBIeHA TeM, UTO KOJUIEKTUBHBIN ZI0OTOBOP — KJTIOUEeBOMH
JIOKYMEHT, pery/IMpyoLIHii MPaBoOOTHOIIeHHsT paOOTHUKOB 1 pabortozaresield. Kak mpaBuiio, JoroBop 3aK/IrouaeTcs Ha /jBa — TPU
rofia, C MOC/IeIYIOIIUM MPOAJIeHHeM, U (PUKCHPYeT pa3/inuHble JTbIOThl K KOMITeHCAIUH il paOOTHUKOB, B UaCTHOCTH MPaBUIa
TIPEMUPOBaHMs1, PEry/IMpyeT U JieTalu3upyeT OTHOIIEHUs] MeXX/ly paboTHUKamu 1 paboTtoziaresieM, He TIPOTHBOpeYaliye 3aK0HO-
narenbcTBY PO. KonnekTuBHBIN 10roBOp 00ecreunBaeT COTPYJHUKaM Ooee HaZie)KHYIO 3alllUTy WX TpaB, YeM UHVBU/ya/IbHbIe
JoroBopbl. HEKOPPEKTHO COCTAB/IEHHBIN U IPUHSTBIN KOJJIEKTUBHBIN JOTOBODP WM U3MEHeHUs K HeMy MOTYT MPUBECTH K TICH-
XOJIOTUUeCKOMY HampspKeHUTO B KOJI/IEKTHUBE, MaCCOBOMY YBOJIbHEHHIO PAOOTHHUKOB U BBITIOJTHEHHIO 00513aTe/TbCTB OpraHu3alin
10 MHOTOMWUTUOHHBIM IITaTHBIM BhITJIaTaM COTPYAHHUKaM. [[enb ucciedoeaHusi: Ha OCHOBAaHWM aHa/mn3a (hopMUpOBaHUs
Y TIDUHATHS KOJUIEKTUBHOTO IOTOBOPA OLIEHWUTH €r0 POoJib B YIIPaBJIeHUH rOCyjapCTBEHHOW MeJUITMHCKOM opraHu3alye.
Mamepuanbt u MemoObl. T1py IpoBeieHUM UCCIe0BaHMs ObIa COCTaB/IeHa U MPOaHaIM3upoBaHa 0a3a JJaHHbIX, CofieprKallast
uHdopmauio o 179 cygnebOHbIX peleHusX 1Mo UCKaM O HapyIIeHUH TPYAOBBIX MPaB, OTBETYMKAMU B KOTOPBIX BBICTYIIA/IH /IBE
rOCyZapCTBEHHbIE MeJULIMHCKHE OpraHu3auuu. st o0CyKaeHus pe3y/ibTaToB UCIO/b30BaH CPaBHUTEILHO-TIPABOBOI METO/;:
TIPOAHAIM3UPOBaH OMBIT UCTIOb30BaHUsI KO/UIEKTUBHBIX OrOBOpPOB B Pecnybsvike Kasaxcran u ®paniyy3ckoii Pecrniybmvike.
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Pesynbmambl u ux obcyxcoeHue. HeoorieHKa poay KOJUIEKTHBHOTO ZJOTOBOPA B IIEPBOM M3 PACCMOTPEHHBIX KeliCOB MOB/IeK/Ia
3a co0oii BeimiaTh! 6ostee 8 681 Thic. py6ieil COTPyAHMKAM MeJULIMHCKON OpraHu3alyy, B Cyzie A0Ka3aBILIMM HellpaBOMepHbIi
TIOPSIZIOK U3MeHeHUi loKyMeHTa. OTKa3 OT KOJIJIEKTUBHBIX I1€PErOBOPOB C LIe/IbI0 M3MeHeHHs YCI0BUH U NOpsAKa OIUIaThl TpyAa
BO BTOPOM Kelice 1TOB/IeK 3a c0O0 MacCcoBoe yBO/IbHeHe Bpadeii-Crieliia/IiCcToB U3 MeJULIMHCKOM opraHu3aryu. s peleHus
TPYZ0BOro KOH(IMKTA YUpeAUTe/II0 TIPULLITIOCH BMeILaThCsl B yIIpaB/ieHe 00/bHULEN. Bbi6o0bl. B IpUHATHN 1 BHECEHHH H3Me-
HeHui B KoJ/IeKTUBHBIM Or0BOP /0/DKHBI TIPUHUMATh yyacTHe Npe/iCTaBUTelN BCEro TPYAOBOrO KOIeKTHBA. B copepikaHue
KosekTrBHOTO /10roBOpa LiesiecoobpasHo BKIOUATh, HCXOAs U3 YCIOBUH, T10/I0)KeHUs], TIpe/lJIoykeHHbIe B cTaThe 41 TpyznoBoro
Koziekca. HesjooljeHKa aZiMUHHCTpaLjeii MeJULIMHCKOM OpraHu3aliiy pojay U Mecta KosyleKTUBHOTO [J0roBopa B yIpaBieHUH
TPYZOBBIM KOJIJIEKTUBOM (hOPMHUpYeT COLMaTbHOe HalpsDKeHHUe B KoJUleKTHBe. VcciiefioBaTe/i 0TMedaroT, 4to Bo dpaHiy3ckoi
Pecriybnyike B pe3ysbTare [eTaJbHOrO (hefiepanbHOrO pery/IMpoBaHus KOJUIEKTUBHBIX Y KOPIIOPaTUBHBIX 0rOBOPOB 00ecieurBaeTcst
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Collective agreement role in ensuring stability
of labor relations in a state medical organization
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Abstract. Relevance. The relevance of the work is due to the fact that the collective agreement is a key document regulating
the legal relations between employees and employers. As a rule, the contract is concluded for two to three years, with subsequent
extension, and fixes various benefits and compensations for employees, in particular, the rules for bonuses, regulates and details
the relationship between employees and the employer, without contradicting the legislation of the Russian Federation. The
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collective agreement provides employees with more reliable protection of their rights than individual contracts. An incorrectly
drafted and adopted collective agreement or amendments thereto can lead to psychological tension within the team, mass
dismissal of employees, and fulfillment of the organization’s obligations for multi-million staff payments to employees. The
purpose of the study was to assess the role of the collective agreement in managing a state medical organization based on an
analysis of its formation and adoption. Materials and Methods. In conducting the research, a database containing information on
179 court decisions on labor rights violations lawsuits was compiled and analyzed, where two state medical organizations were
respondents. For discussion of the results, a comparative legal method was used: the experience of using collective agreements
in the Republic of Kazakhstan and the French Republic was analyzed. Results and Discussion. Underestimation of the role of the
collective agreement in the first case led to payments of over 8,681 thousand rubles to the medical organization’s employees who
proved the illegitimacy of the order of changes to the document in court. Refusal from collective negotiations aimed at changing
the terms and payment procedures in the second case resulted in the mass resignation of specialist doctors from the medical
organization. To resolve the labor conflict, the founder had to intervene in the hospital management. Conclusion. Representatives
of the entire workforce should participate in adopting and making changes to the Collective Agreement. It is advisable to include
provisions proposed in Article 41 of the Labor Code into the content of the Collective Agreement, depending on the conditions.
Underestimating by the administration of a medical organization the role and place of the Collective Agreement in managing
the workforce creates social tension within the team. Researchers note that in the French Republic, as a result of detailed federal
regulation of collective and corporate agreements, compliance with the requirements and procedures established by legislation
and local regulations is ensured.

Keywords: labor law, collective agreement, labor relations, lawsuits, court decisions, management of a medical organization
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BeepeHue
Po/b TPYIOBOTO KOJIJIEKTHBA HEBO3MOXKHO TIEpPE0-
L[eHUTh B )KU3HU Ka)K[0ro uejioBeka. [Ipexe Bcero,
yZloB/IeTBOpsieTCs 6a3oBasi TOTpeOHOCTL YesoBeKa
B OOIIIeHNH, [1e/I0BOM B3aUMOJIeHCTBHH, B OOIIIeCTBEH-
HOM IIPpHM3HAHWHU U CaMOpea/ii3aljuu. B konnektuse
COTPYAHHUK 0OpeTaeT MoJAep)KKy U 3allfUTy, K HeMy

MPpUXOAUT yCIIeX U JOCTHXKEHHU.

HEALTH POLICY AND PUBLIC HEALTH

B TpyZOBBIX MPAaBOOTHOLIEHUSX Y CyOBEKTOB
OZIHOBPEMEHHO TOSIB/ISIOTCS [1eecrioCOOHOCTh U Mpa-
BOCITIOCOOHOCTb. YUaCTHUKOB TPY/OBBIX TIPaBOOTHO-
IIeHU HepeiKO OrPaHNYKBAIOT CTOPOHAMU pabOTHHKA
¥ paboTozaressi, HO MepeyeHb TaKKUX CyOBEKTOB ropaszo
111pe, YeM KpYT JIUL], yCTaHOB/IeHHbIH B CT. 20 TK PO.
CTOpOHBI I0T0BOPA SIB/ISIFOTCSI OCHOBHBIMU CYyObeKTaMy
TPYZAOBBIX OTHOLIEHHWH, HO Hapsly C HUMU CyLL[eCTByeT
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OpraHbl B/IaCTH, OCYIIeCTB/ISIOIIHEe KOHTPOJIb COOTHO-
JleHYs1 TPYA0BOI0 3aKOHO/|aTe/IbCTBA, MPO(CO03HbIe
OpraHu3alyui, KOMUCCUU T10 TPYAOBBIM CITIOPaM — Kak
JIOTIOJTHUTEe TbHBbIE YYaCTHUKY fioroBopa [1].

B nocniepnuie rogpl 3akoHOaTeNnbCTBO PO He ripes-
yCMaTpH1BaeT IIMPOKOe yuacTHe TPYAOBbIX KOJ/IEKTUBOB
B 9KOHOMHUYECKOUW M COLIMAIbHOM >KU3HH 00IIleCTBa.
[la v camo MOHSITHE «TPYA0BOM KOJ/IEKTUB» MOCTENEHHO
rcuesaeT 13 JJeKCMKOHA 3aKOHOZaTes1 U TIpaBOIpU-
MEHUTEe/TbHOM TTPAKTHKM, Yallle CTaj YIIoTpebasThCs
Heoripe/ie/IeHHbIN TePMUH «PabOTHUKW», UTO, TI0-BU-
JMMOMY, CBSI3aHO C TIepex0/ioM K PbIHOYHOW SKOHOMUKE
Y yCHJIeHHeM TIPaBOBOT'O TIOJIOXKEHUs paboToaTesieit
Ha pbIHKe TPYZia U B COI[MAILHO-TPYZI0BOM cepe.

OgHUM U3 TOKYMEHTOB, PeryJIupyOLIUX 0THO-
IIIeHUs] MeXXy paboTHUKaMu U pab0TOZaTe/TsIMH,
0CTaeTCcsl KOJIJIEKTUBHBIN JOTOBOP, 3aK/IH0UeHHbIU
Mexay pabotozaresneM 1 podCoOr030M WU [PYTUM
MpeACTaBUTeTILCTBOM COTPYHUKOB.

OOBIYHO ero 3aKk/OUalT Ha /Ba — TPU roja,
MOTOM TPOAJIEBAIOT TI0 Mepe HeoOXoAUMOCTH. B HeMm,
KaK MpaBUJIo, 3a(pMKCUPOBaHbI Pa3/iMuHbIe JbIOThI
Y KOMITeHCALIUH /1711 paOOTHUKOB, B UaCTHOCTH TIPaBH/Ia
TPeMUPOBAHUS, PETY/IUPYIOTCS BCE OTHOILIEHUST MeX/Ty
paboTHUKaMU 1 paboToaresieM, KOTOpbIe He TPOTHBO-
peuat 3akoHofiaTenbCTBY PD. KomjieKTHBHBIN [OTOBOP
obecrieurBaeT COTPyAHUKaM 0osiee HaZle)KHYHO 3aIL[UTy
WX TIPaB, UeM WH/WBH/ya/IbHbIE I0TOBODBI.

PaccMoTpeHnye npoekTa Ko/IJIeKTUBHOTO I0TOBOPA
Y TIPUHSITHE PeIlleHUs O ero 3aK/IF0UeHUH C a]MUHU-
cTpauuer MeJULIMHCKOW OpraHu3alUu OTHOCUTCS
K KOMITeTeHI[uU 0011ero cobpanus (KoHGbepeHLs)
TPYZOBOTO KOJIIEKTHBA, Ce[0BaTebHO, U3MEHEeHHUs
He MOT'YT BHOCUTBCS B OZJHOCTOPOHHEM TopsifiKe [2—4].

CornacHo nonoxenusMm 24.04.2023 roga «Ot-
pac/ieBOMy COIVIAIIeHHIO B OTHOLLIEHUHU (efiepabHbIX
rOCY/IapCTBEHHBIX OFO/PKETHBIX, aBTOHOMHBIX, Ka3eH-
HBIX YUpeXXJeHUl U (efiepaibHOro roCy1apCTBEHHOTO
YHUTApPHOTO TIpeANpPUSITHS, HAaXOASAIIUXCS B BeJleHUU
MunucTepcTBa 3apaBooxpaHenus Poccuiickoit ®@efe-
pauuu Ha 2023—2025 rogel», pabotozare v 00sI3aHbI
pery/sipHO COBepILIeHCTBOBATh U OOHOB/ISTE PsAJ, JIO-
KaJTbHBIX HOPMaTUBHBIX MIPABOBBIX aKTOB, B YaCTHOCTH,
TpeOOBaHUs K OXpaHe TPY/a, OLIeHKY yCJI0BUM TPyJa
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u apyrue. Bce 0OHOB/IEHHS], B CBOKO OUepe/ib, JO/DKHBI
SIBIIITHCS IPUIO’KEHUSIMU K KOJIJIEKTUBHBIM [J0TOBOpPaM
opraHuszaluu. B BUAy BbILLIEH3/I0)KEHHOTO OTpac/eBoe
cor/aiieHye 00s3bIBaeT MeAULIMHCKYIO OPraHU3aLuio
COBEepIIeHCTBOBaTh JIOKa/bHble HOPMAaTHUBHBIE aKThl —
TIPUJIO’KEHUSI K KOJIZIEKTUBHOMY JIOTOBOPY — U, KaK
c/ieiCTBUE, 3aK/I0UaTh MOCTOSIHHO JeWCTBYIOLIUN
KOJIJIEKTUBHBIN ZloroBop [5].

AXTyanbHOCTh MCC/Ie[JOBaHUSI 00y C/IOB/IEHA TEM,
YTO HEKOPPEKTHO COCTaBJIEHHBIN Y MPUHSATHIN KOJI-
JIEKTUBHBINA JOTOBODP WM U3MeHeHUs K Hemy (hopMu-
PYIOT IICUXOJIOTUUECKOe HarnpsbKeHUe B KOJIJIEKTUBe,
KaJIPOBYIO HeCTaOU/IbHOCTh CTTIOCOOHBI U TIPUBECTU
K 00s13aTesibCTBaM OpraHU3aliy o BhIT/IaTaM IITarT-
HBIM COTPYJHUKaM Ha OCHOBAHUM CyAeOHBIX PelleHUH.
[TprurHa CriopoB, BEIHECEHHBIX B CyeOHbIe OpraHbl, —
HapylleHus TPYAOBOrO MpaBa, COCTaBHOMW UaCTbIO
KOTOpPOT0, KOHEUHO, SIB/ISIETCSI TPYA0BOM [JOTOBOP.

Ilenb ucciegoBaHus: Ha OCHOBAaHWM aHasM3a
(hopMHpOBaHKS U IPHUHATUS KO/VIEKTUBHOTO JOTOBOPA
OLIEHUTh ero poJib B YNIPaB/AeHUU roCcyJapCTBEHHOU
MeUI[MHCKOW OpraHu3alfuei.

3aaum UcciejOBaHUS:

1. TIpoananu3upoBaTh MHGOPMAIUIO O POU
Y MeCTe KOJIJIEKTUBHOTO I0r0BOpa B rOCyJapCTBEHHOU
MeIULIMHCKOW OpraHu3aLiy;

2. OLeHUTH 3HaUeHUE KOJIJIEKTUBHOTO JI0rOBOpa
B yIpaB/ieHUU MeJULIMHCKHUM TepCcoHaaoM U ¢op-
MUPOBAHUU CTAaOUTBLHBIX OTHOIIEHUU B TPY0BOM
KOJIJIEKTHBE;

3. Ha ocHOBaHUU KeliCc-MeTO/a POBECTU aHa/In3
CyneOHBIX pellleHHH, BIHeCEeHHBIX T10 pe3y/bTaTaM
HapyLleHus1 yC/I0BUW WU MPOLeAYPbl TIPUHATHS KOJI-
JIEKTUBHOTO ZIOrOBOpa.

MeTogbl 1 MaTepuarbl

[pu nmpoBefieHNY UCCIeA0BaHNs OblIa COCTaBIe-
Ha U TIpoaHaM3upoBaHa 6a3a aHHbBIX, COZeprKaliast
nHpopMalmio o 179 cyzeOHbIX pelieHus X, OTBeTUu-
KaMH B KOTOPBIX BLICTYTIA/IU [JB€ TOCYAapCTBEHHbIE
MeJULMHCKYe OpraHu3aLyu.

Homepa cyzneOHbIX pelleHui U Cy/ibl, B KOTOPBIX
peleHust BBIHOCU/IUCh, ObUTH BbIZIe/IeHbI TTPY TIOMOLLH
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0a3bl aHHBIX caiiTa cynebHbleperienus.pd ([TaBesn
Hetynickuii, OO0 «ITMK-nipecc»). TekcTel cymeOHbIX
pellieHr W3yJarch U3 OTKPBITOTO JOCTYTIA Ha calTax
COOTBETCTBYIOLIUX CY/OB.

[TepBoe — rocyzapcTBeHHOe OIO/PKETHOe yu-
pekeHue 3paBooXpaHeHus «PaioHHast 60JbHU-
11a...» MYHHULUMA/JLHOTO Paii0Ha C LIeHTPOM B ceJie —
obcnyxuBaet 29,7 ThIC. HaCeJIeHUSI U BK/IOUaeT
B CBOIO CTPYKTYDY TMOJIMKJIUHUKY, )KEHCKYIO KOH-
Cy/IbTaLMIO, JeTCKOe MOJIUKIUHUYECKOe OTJeeHue,
[JHEeBHOH cTaljuoHap, 3 amOynaropuu, 2 opuca Bpaua
obugeli nmpakTuku U 35 (esbalIepCcKo-aKymepCcKux
MyHKTOB.

BTopoe — rocyzapcTBeHHOe OHIKETHOE YUpex/e-
HUe 3apaBooxpaHeHust «['opozackas 6o/bHUIA...»,
obcykuBaeT 159 Thic. HacesieHus1. B cTpykrypy 60/1b-
HULIBI BXOJAT KPYTTIOCYTOYHBIN CTaloHap Ha 450 Koek,
yeTbIpe MOIMK/IMHUKY, ME>XPalOHHbIN TTepUHATa/IbHbIN
LIeHTP, KapAHO/IOrnUeCKui AncraHcep, 2 KabrHeTa Bpa-
yeii 0011]elt TPAaKTUKYU U 3 (esbAlIepCKO-aKyIIepCKUX
MyHKTa.

[To 1BYM MeIUIIMHCKHAM OpraHu3alysiM ObL/TA BbI-
JeneHbl KOHQUIMKTHBIE KeHChI B 00/1aCTH TPYZIOBOTO
rpaBa, B pa3pelleHnr KOTOPbIX TPYZAOBOU JOTOBOP
CBI'PaJl WK MOT ChITPaTh K/IHOUEBYIO POJIb.

[TepBbIii Kelic OBIT BbIZle/IeH B Tipoliecce ¢op-
MHUpOBaHUs 0a3bl JaHHBIX CyAeOHBIX pelleHun
10 MCKaM K MeJULIMHCKUM OpraHu3alusM, KOTOpble
BBICTYTIa/IM B POJIM OTBeTUMKA. B paiioHHOM cyze
O/THOTO W3 MyHUIUTIaMUTeTOB YenabuHCKoM 0b1a-
CTH, 3a nepuof ¢ guBaps 2020 o uroHb 2024 roga
ObI1710 BBISIBJIEHO 179 MCKOB K MeJUIMHCKON OpraHu-
3anuu. [Ipeamerom criopa B 175 (98,0 %) peleHuit
BBICTYTa/Id U3MEHeHHUs KOJJIEKTUBHOTO [JOrOBOPa,
KOTOpbIe TIOBJIEK/TH 3a co00M BhITIJIATy Oosiee ueM
8,5 M/TH py0Osel co CTOPOHBI MeUITUHCKOM OpTa-
HU3ALMU.

Crnenyetr OTMeTHUTb, B CTPYKType oOpareHuit
rpakiaH B CyJ, K OTBeTUHUKY — rOCyJapCTBeH-
HOW MeJIMIIMHCKOW OpraHu3aiuu — 10/ UCKOB,
OTHOCSIIIMXCS K KaTerOpUu «TPYJOBbIe CIIOPBI»,
cocraensier 14,3%, cornacHO paHee COCTaB/JIeHHOU
0a3e JaHHBIX.

HEALTH POLICY AND PUBLIC HEALTH

V3yueHune MaTepHrasioB I10 IepBOMY Kelcy Mo3Bo-
JIUT OLIeHUTb 3HaUeHHe JOKyMeHTa JJisl COTPYHUKOB,
POJIb KOJ/UIEKTUBHOTO IOTOBOpA B PaMKax YIIpaB/ieHUsi
MeJULIUTHCKOW OpraHu3aLiuy 1 130e)KaTh FOPUINUeCKIX
OIIMOOK, KOTOPbIE MIPUBE/TU K TIPOUTPAHHBIM CY/1e0HbIM
pa3bupaTebCTBaM.

BTopoii Keiic JeMOHCTPUPYeT BO3MOXXHOCTH
VICTI0/1b30BaHUs KOJIJIEKTUBHBIX [1ePErOBOPOB U KOJI-
JIEKTUBHOTO ZIOTOBOpA KaK JIOKalbHOr0 HOPMaTHUBHOTO
aKTa Ha pUMepe 3HaYMMOT0 Ha PerMOHaIbHOM YPOBHE
TPYA0BOTO KOH(JIMKTA, KOTOPBII MOBJIEK 3a COOO0M
HapylleHrue KpUTUYeCKOM MH(PPaCTPYKTyphbl OKa3a-
HUST MeJULIUHCKOM TMOMOIIM B O[HOM U3 KPYITHENIINX
ropo/ioB 06/1acTH, psifi KaPOBBIX IePeCTAHOBOK, BbI-
3BaHHBIX HEJOOL[eHKOW MHCTPyMeHTa yIpaBIeHUst
TepCOHAJIOM.

PaccMoTpeHHbIe TI0 KaXK/I0MY Keicy MaTepuasibl
MO3BOJISIFOT BCECTOPOHHE OLIEHUTh BO3MOXXHOCTHU HC-
TI0/Tb30BaHKsI KOJIJIEKTUBHOTO OTOBOPA, KaK COTPYHU-
KaMH, TaK U PyKOBO/ICTBOM MeJULIMHCKOW OpraHU3aL|H.

C 1esbro cOOMIOIeHUS TPUHLIUTIOB MeJUITMHCKON
Y npodeccroHanbHOM 3TUKHU, MOJIHble HAUMEHOBA-
HUS aHAJIU3UPYEeMbIX MeJULMHCKUX OpraHu3alui
Y HOMepa CyZieOHBIX JOKYMEHTOB ObIIM MCK/TFOUEHbI
13 CTaThU.

[Ons aHanuv3a omnbiTa WUCIOJAb30BaHUS KOJI-
JIEKTUBHOTO /I0TOBOpa B APYruX rocyjapcrBax
CPaBHHUTEJILHO-TIPABOBLIM METO/I0M TMPOaHaIu3upo-
BAHO 3aKOHOZATe/bCTBO U TIpaBONIPUMeHUTe/IbHask
MpaKTHKa UCMO/Ib30BaHUs KO/JIEKTUBHOTO I0rOBOPa
B MeJJULIMHCKUX OpraHu3aiusax uieHa Coapy»kecTBa
He3aBucumbix ['ocynapcte — Pecrtybmviku Kaszaxcran
Y rocygapcTBo-usieHa EBporneiickoro coro3a— ®paH-
1y3ckoit PecryOnmku.

Pe3ynbraTbl U UX 06CY)KAeHue

B kaxzoil rocylapCTBEHHOW MeJULIMHCKOUN
opraHu3alyiy, ToBeJOMCTBeHHOW MUHUCTEPCTBY
3apaBooxpaHeHust YensOMHCKOM 00/1aCTH, B KaueCTBe
WHCTPYMeHTa yTipaB/ieH!s UCMoJib3yeTcs: Kosmek-
THUBHBIN foroBop. CpaBHUTE/bHAS OLIEHKA MpernMy-
IIeCTB U HeJJ0CTAaTKOB KOJIJIEKTUBHOTO JOT0BOPA,

237



Besyenwiii T.A., Tioxos FO.A. Bectuuk PY[JH. Cepusa: Meguuuna. 2025. T. 29. Ne 2

pernaMeHTHUPYIOIero TpyoBble OTHOLIeHus [2, 3,

6, 7], npencraBneHa B Tabmuie 1.

Tabnuya 1/ Table 1

KauecTBeHHasi XapaKTepUCTUKA KOJIEKTUBHOIO Aoroeopa /
Advantages and disadvantages of a collective agreement

Mpenmyuiectsa / Advantages

HepoctaTtku / Disadvantages

3alwmTa nHTEpecoB
paboTHukoB / Protection of
interests of workers

OrpaHuyeHus cBo60AbI
OencTBMIN afMUHUCTpauumu /
Restrictions on freedom of
action of administration

lapaHTWs cTabuUbHOCTH
B ycnosusx Tpyaa / Guarantee
of stability in working conditions

HeBO3MOXHOCTb y4acTusi BCEX
paboTHuKoB / Impossibility of
participation of all workers

[MpoueccyanbHbll MEXaHU3M
yperynupoBaHusi KOH®OIMKTOB /
Procedural mechanism for
conflict resolution

CNOXHOCTU Npv BeAeHUN
KOJN/IEKTUBHbIX NeperoBopos /
Difficulties in conducting
collective negotiations

IIponeccyanbHbIN MeXaHU3M Ypery/IMpoBaHuUs
KOH(/IMKTOB — B cTaThe 43 TpyznoBOro Kozjekca 3a-
JIO’)KeH MeXaHU3M, MpeJ0TBPaLatoli KOH(GIUKTHI
B TPYZ0BOM KOJ/UIEKTHBe — OrpaHHuYeHUe JerCTBUS
TPYZOBOTO joroBopa (He Gosiee 3 jieT ¢ BO3MOXKHOCTBIO
nipozJieHust He Gosee uem Ha 3 T0/ia), KaK C/IefCTBHe,
(hesepanbHOE 3aKOHOZATEILCTBO MpeyCMaTprBaeT
MpoBe/ieHre KOJVIEKTUBHBIX [1ePeroBOpPOB KaXK/ble
3-6 nert [8].

[1py npoBefeHNN KOVIEKTUBHBIX I1€PeroBOpOB,
BO-TIEPBBIX, JO/DKHO YUMTHIBATHCSI MHEHHE BCEX COTPYZ-
HUKOB OpraHU3alliH, BO-BTOPbIX, JO/DKHO 00CYK/aTh-
Cs1 COZiepyKaHue TPYZAO0BOIO IOroBOpa, BKIKOYAOLee:
(bopMBI, CCTEMBI U pa3Mep OI/1aThl TPY/a, 3aHATOCTh,
riepeoOyuUeHHe, yCI0BUS BLICBOOOKIeHHS] PaOOTHHKOB,
y/IyullieHHe yC/IOBHIA U OXpaHbI TPyZia paOOTHUKOB, B TOM
YHCJIe )KeHIUH U MOJIOZEeXXU — U JPyrre BOIIPOCHI,
ripeficTaBneHHble B Ctathe 41 TpynoBoro kogekca [9].

I'apaHTHsA cTa0W/IBHOCTH B YC/IOBUSIX TPYAQ —
B cTatbe 74 TpynoBoro kogekca Poccuiickoli @enepauiyu
YKa3aHo, YTO CTOPOHaMU YCJIOBHS TPYL0BOIO ZOrOBOpa
MOTYT OBITh M3MeHeHbI TI0 UHULIMaTHBe paboTtozaress
B OJHOCTOPOHHEM MOPSJKe TOJBKO 0 MPUYHHAM,
CBSI3aHHBIM C U3MeHeHUeM OpraHHU3aLlMOHHBIX WU
TEXHOJIOTMYeCKUX YC/I0BUM TPY/a, MOC/IeIHUE, B CBOO
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ouepeb, PUKCUPYIOTCS B KOJIJIEKTUBHOM [JOTOBODE
opranu3zanuu [10].

OrpaHuuyeHusi CBO00/bI JeHCTBUI aAMUHHU-
CTpaLu — KOJ/UIeKTUBHBIN 0TOBOP A00aBsieT [0-
TIO/THUTEe/TbHbIe OrPaHWYeHHs KaJ[pOBOM MOTUTHKH,
B BH/y €r0 poJid, 3a()MKCMPOBaHHOU (efjepaabHbIM
3aKOHO/]aTe/IbCTBOM, U TIPOLIeCCyabHON C/I0KHOCTH
BHeCeHUsI U3MeHeHmit [2-5].

HeB03MO0)XKHOCTH yUacTHsl BCeX PaOOTHH-
KOB — B TIpoliecce pa3pabOTKy U MPUHATHUs, KaK
JIOKYMEHTa, TaK U JO0TI0JTHeHUM U U3MeHeHU K HeMy
NpobieMaTUUHO yUUTHIBaTh MHEHUE KaXXJ0ro paboT-
HUKa OpraHu3alliu, KaK C/IeJICTBHe, [I/Is1 BBLIPAOOTKU
HanOo/ee ONTUMAJTBHBIX PeIlleHn cefyeT paboTarh
C TIPe/ICTaBUTEJIIMH MHUKPOCOOOII[eCTB BHYTPH Opra-
HU3alWM, HaTlpuMep, MPe/ICTaBUTe/ISIMU OT/leJIeHUH,
JleNIeTUpOBaHHBIX BCEMU COTPYJHUKAMU Z1Jisl yUacTHUst
B KOJUIEKTUBHBIX TIeperoBOpax.

MepBbIN Kenc

PaccMoTpuM niepBbii Kelic. [71aBHBIM BpayoMm paui-
OHHOWM 60/1bHULIEI B 2018 Togy ORI MHUIIMUPOBAHbI
n3meHenwus B «[lonoxkenue 06 oruiate Tpyaa paboTHU-
koB» (ITpunoxkenne Ne 10 Kk Ko/sieKTUBHOMY ZI0TOBOPY
MeIUIIMHCKOW OpTraHr3alliK), UTO ITOB/IEKIIO 3a CO60i
cynebHble pa3buparesnbCTBa, MO0 UTOraM KOTOPBIX
B 2020—2023 rogax ObL10 HarpaB/eHo 175 cymeb-
HBIX VICKOB OT COTPYZHUKOB K OO/bHUIIE, 110 KOTOPHIM
opraHu3alys BeiryiaTua 8 681 Teic. py0. 3a0/KeH-
HOCTH TIO orjiaTe Tpyza v 275,4 ThiC. py0. MOITMHBI.
[IpepnaraeTcs onucaHue U aHa/IW3 CUTYaLUU.

['naBHBIM Bpay JIOKa/JbHBIM HOPMAaTHBHBIM IIpa-
BOBBIM aKTOM, COTJIaCOBAaHHBIM C PO COI3HOMU
opranu3sanueid B 2018 rony, yrBepaun «llonoxeHus
00 orutate Tpya pabOTHUKOB», B KOTOPOM MCKITIOUA/THCh
BBIT/IAThl CTUMY/TUPYIOIIEro Xapakrepa paboTHUKaM
3a MPOZOJ/DKUTETEHOCTb HelPepbIBHOUM paboThI B Me/Iu-
LIMHCKOW opraHusanyy. PelieHre apryMeHTHPOBaIoCh
TIOBBILIEHUEM JI0/DKHOCTHOTO OK/laZia ¥ CCbUTKOM Ha [1o-
craHossneHue [IpaBurenscTBa YensibuHckoi obnactu
ot 08.10.2018 Ne 463-IT «O BHeceHUM W3MeHEeHUMN
B mioctaHoBreHue [IpaBurenbcTBa UensiOnHCKOM 00-
jgacty ot 29.11.2010 . Ne 280-IT» [11].

OPTAHVBALIMA 3APABOOXPAHEHMA M OBLLECTBEHHOE SAOPOBBLE
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B pesysnbrare 03HaKOM/IeHUs ¢ U3MeHeHHbIM [1os1o-
>KeHreM 00 oruiate TpyzAa 68 pabOTHUKOB MeAULIMHCKOM
OpraHv3aluu BbIpa3u/v Hecornacue ¢ BHeCeHHbIMU
M3MeHeHHUsIMH, TaK KakK 3TO 00CTOSTeTbCTBO TIPUBE/H
K CHIDKeHMIO 3apaboTHOM I/1aThl.

B pesysnbrate obpaiijenusi pabotHukoB B ['ocyzap-
CTBEHHYIO MHCITEKIMIO Tpyza 1o Yens6uHckoi obnacty,
Obl1a MTHUL[UMPOBaHa MPOBePKa, KOTOpasi He BhISIBUJIA
npo6sieM € pa3MepoM BBITJIAT TIPU W3MeHeHUH HaukcC-
JIeHHsI 3apabO0THOM TI/IaThI.

3ateM 116 UCTLOB, 3apYUUBILNCH MO/JI€PIKKOU
Kositer 1 YensiOMHCKOTo 06/1aCTHOTO KOMHUTETA TIPO-
¢coro3a paboTHUKOB 37paBooXpaHeHus Poccuiickoi
deneparyu, 06paTUIKCD B CYJ, C KOJITIEKTUBHBIM HICKOM
K oTBeTurKy I'BY3 PaiioHHasi 60/IbHHL]a MYHHULIUATIA/Tb-
HOro oOpa3oBaHusl.

ApryMeHTaLisl UCTLIOB 3aK/IF04aslach B CJIe/[yIOLLeM:

1. TTocTaHoBnenue IpaBuTenbcTBa YenssOMHCKOM
obmactu ot 29.11.2010 r. Ne 280-IT «O ITonodceHuu
06 onname mpyoa pabomHuko8 064acmHbIX 20CYy-
0apCcmeeHHbIX KA3eHHbIX yupexcoeHull, a makdce
6100JcemHbIX U ABMOHOMHbIX yupexcOeHull, 8 OMHO-
weHuu komopblx MuHucmepcmeo 30pagooxpaHeHus
YensbuHckoll obaacmu ocywecmensem ¢yHKyuu
U nosHOMouus yupedumesis» HeCMOTPSI Ha BHECEHHbIe
oT 08.10.2018 u3mMeHeHus, Ha KOTOPbIe CChLIAJICS
IJIaBHBIM Bpau MeJIMLIMHCKON OpraHu3alyy, He UC-
KJ/II0UAlOT BbIMJIAThl CTUMY/IMPYIOLEro Xxapakrepa
3a BBIC/IYTY JIeT.

2. ITpu n3menennn «ITosoxkeHus 06 oriare Tpy-
Jla» TJIaBHBIM Bpau JO/DKeH ObLT PyKOBO/ICTBOBAThCSI
[ToctanoBnenuem I'ockomtpyna CCCP, Tlpe3uguyma
BLICIIC ot 25.10.74 Ne 298/11-22 u IlocTtaHoB/ieHVEM
IMpaBuTtensctBa PO ot 20 Hostopst 2008 . Ne 870 [12, 13].

3. BmecTe ¢ TeM corsiiacHo TekcTy CrtaTbu 74
Tpynosoro kogekca Poccuiickoit @esepaiiuu onpe-
JlelleHHble CTOPOHAMM YCJI0BUS TPYZ0BOIO J0roBOpa
MOTyT OBITh M3MeHeHbI TI0 MHULMATHBe paboTojaTers
B OJJHOCTOPOHHEM IOps/iIKe TOJIBKO I10 IPUYMHAM,
CBSI3aHHBIM C U3MEHEeHUEeM OPraHU3aLlMOHHBIX WU
TEXHOJIOTMYeCKHX yCJIOBHI TPY/ia, KOTOPBIX B O0/bHHULIE
He nipoBoguiock [10].

Kak cresictre, y paborogarers He IMeioCh OCHO-
BaHUU /151 ©3MEHEeHUs! YCJI0BUM TPYZOBBIX JOTOBOPOB
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pPabOTHUKOB B UaCTH U3MeHeHHs OTUIaThl TPy/a B CTO-
POHY CHIKEHHUSI 3a CYeT UCK/TFOUeHUs] CTUMY/TUPYIOLINX
BBITL/IAT 3a BBIC/IYTY JIeT.

Cyz miepBO¥ MHCTAHL[UM TIPU3HAT U3MEHEeHUsI
B «ITosio’keHUM 00 oriaTe TPyAa» B YaCTH UCKITFOUEHUST
CTUMYJIUPYIOLINX BBITJIAT 3a BBIC/IYTY JIeT HeJleNCTBU-
TeJIbHBIMU U 00s13a/1 pyKoBozcTBO I'BY 3 PaiioHHas
OosbHHMI]a MYHHULUTAILHOTO 00pa30BaHUs IPOBECTH
niepepacuet 3apabOTHOM I/1aThl 3a Mepyof ¢ 26 OKTA0ps
2018 ropa no 02 mronst 2020 ropa € yuyeTomM CTUMYJIH-
PYIOILMX BBIT/IAT.

PyKOBOZICTBO MeIULIMHCKOW OpraHU3aliy U yu-
penuTenb B auLle MUHUCTepCTBa 3/ipaBOOXPaHeHHUs
YenssbuHCKoM 06/1aCTH — (GUTYPUPYIOLUM B fiese
B KaueCTBe TPeThero Jinija — 06rkasioBasl pelieHre
paiioHHoro cyga B YensibuHCkoM 00/1aCTHOM Cy{ie.

Cyp, arnesuisiLIMOHHON MHCTAHLMU BCTaJl HA CTOPOHY
OTBETUKMKa, apTyMEHTHPOBAB CBOIO MO3ULIMIO CJIe1yIO-
UM 00pa3oM:

1. ismenenus [Tonoxkenuii 06 oriate Tpyza ObuH
B CBSI3U C €IMHBIMU peKOMeHalUsIMU Y upeiuTesisi —
MunucTepcTBa 31paBooxpaHenust YesnsibuHckoi 0bsia-
CTU — Z1/151 BCeX MeIMLIMHCKUX OpraHu3aliyii 1o yBeu-
yeHHI0 6a30BOT0 OKJIa/]a ¥ CHIDKEHUIO CTUMY/TUPYIOLIeit
yacTu (poH/a OrIaThl TPY/Aa;

2. Cyz niepBoO#t MHCTAHIUM He yJern ¢dakT 3abmaro-
BPeMeHHOT0 yBe/IoMJIeHHs1 pabOTHUKOB 00 M3MeHeHU!
«[Tonoxxenwuii 06 oriate Tpyza», COrIaCOBaHUS U3Me-
HeHUI TIepBUYHOM NPOQ)COI03HOM OpraHu3aliveii 1 pe-
3y/bTaTOB MPOBepKH [ocTpyauHcnek iy YensiOnHCKOH
o61acTH, He BBISIBUBLLEH HapyILeHNH;

3. Ilo pe3ynbTaTaM aHa/v3a CBOJJHBIX Be/JOMOCTeM
3apaboTHO# TI/1aThl UCTLOB (6e3 yueTa MpeMuii U CTUMY-
JIMPYIOIIUX BBIT/IAT), 3a TIePUO/, C TIPUHSTHS U3MeHeHU
B «[Tonoxxennu 06 oriate TpyAa» 3apaboTHasi Tiata
YBeIUYMIIAaCh.

OTAenbHO CTOUT NTPOKOMMEHTHUPOBATh TPeTUit
apryMeHT aresuUIsIUOHHON UHCTaHUUU. HecMmoTps
Ha yBeJIMueHHe HOMUHAIbHON 3apaboTHOM TaThl
(6e3 mpeMuii ¥ CTUMY/IMPYIOIINX BBITI/IAT), peasbHast
3apaboTHas Ty1aTa, To/iy4aemMasi COTpyAHUKAMU Me/i-
L[UHCKOW OpraHMU3al[iy CHU3U/IaCh, TIOBBIIEHHE JKe
HOMMHA/IbHOM HarpsIMyl0 CBsI3aHO C yBe/IMUeHHeM
6a3o0Boro okaza (rmepBbIM apryMeHTOM).
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HcTiipl 065KamoBaiy peliieHye arnesuIsSLOHHON WH-
cTaHLuM B KaccalMoHHOM Cyjzie, KOTOPbIM CHOBA BCTaJl
Ha CTOPOHY pabOTHUKOB MeULIMHCKON OpraHU3aLiy,
apryMeHTHPOBAB MMO3ULNIO CIeAYIONM 00pa3oMm:

1. B cBsa3u ¢ Tem, uto «ITooxxeHue o6 oriare
TpyZAa pabOTHUKOB» sIB/sieTCs npusioykeHreM Ne 10
K KosteKTBHOMY [10r0BOpY, yTBepKjeHHOMY [VIaBHbIM
BpayOM U COIVIACOBAHHOMY C MpeJCTaBUTENISIMH Iep-
BUYHOM NMPO()COI03HOM OpraHu3alliM U MpefiCTaBUTeNeM
pPabOTHHKOB, He COCTOSIIMX B TIPO(COr03e, N3MeHeHUst
B JIOrOBOPE [OJDKHBI COIVIACOBBIBATHCS He TOJIBKO C IIPO-
(hcoro3HOM opraHu3aliyeil, HO U C He COCTOSIII[UMU B Hel
COTPYJHUKaMHU.

2. PeanbHBIN ypoBeHb 3apab0OTHOIM 1/1aThl paboT-
HVIKOB He yBeJIMUMJICS], @ COKPaTUJICS.

3. Ctumynupyrolas BbIIJIaTa 3@ BBICJAYTY JIET
COXpaHeHa B [IpyIMX MeJULMHCKUX OpraHu3aLysx.

KaccanuoHnHbI# cys HanpaBui Jie/io Ha TTIOBTOP-
HOe paccMmoTpeHue B YenssOuHckol 06macTHOM Cyz,
KOTOPBIV C yUeTOM BBISIB/IEHHOM apryMeHTaLuu BCTasl
Ha CTOPOHY WCTL|OB, IIpHU3HaJ HeJelCTBUTe/IbHBIM
HCKJIFOUeHHe CTUMY/IMPYIOLMX BBIMJIAT 3a BBICIYTY
net u o6s13an I'BY3 PaiioHHasi 60/IbHUL[A MYHUIIH-
rnajpHOTO 0Opa3oBaHUs MPOU3BECTHU TlepepacueT
3apaboTHOM I/1aThl COTPYAHUKAM C YYETOM CTUMY-
JIAPYIOLINX BBITI/IAT.

Ha ocHoBanuu Broporo petiienusi UensiOMHCKOTo
006/1acTHOTO CyZa 1o onvcaHHOMY ey 175 pabOTHHKOB
MeIMLIMHCKOM OpraHu3aLyu IIpYU FpUUUeCKOr Moj-
Jlep>KKe TMPOKYpaTypbl MyHHULUTATIEHOTO 00pa30BaHust
nogamu ucku Kk 'bY3 PatioHHast 60/1bHUIA MYHHULU-
MasbHOTO 00pa30BaHUsI.

ITepBbie 64 McKa ObUTH PACCMOTPEHBI B CTAHZAPT-
HOM TOpsAJIKe, mocaenytomue 111 nckoB — B yIpolieH-
HOM TOpsiJiKe Cy[ben.

KomneHcanyst CTMMy/IMpPYIOIIMX BBIIUIAT COCTABU/IA
8681 ThIC. py0. (CpeaHsist BbIMIaTa COCTaBUIa 62 ThIC.
py0.), CyMMa yTiiaueHHOM TOUUTMHBI 275,4 ThIC. pyo0.
(cpegnee 3nauenue 2025 py06.). CriegyeT OTMETHUTb,
YTO CyMMBI yKa3aHbl 0e3 34 y0B/IeTBOPEHHBIX UCKOB,
cyfebHble pellieHust 0 KOTOPBIM JJ0 HaCTOSIIIero Bpe-
MEHU He 3arpy’>KeHbl Ha CauT Cyza.

KomrieHcaruro nony4n/au Bce KaTeropuu COTPYZ-
HUKOB, UMEHOIIIMe Ha 5TO MPaBo: 3aBeAyrolue OTae-
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JIEHUSIMY, Bpau, CpefiHUM MeJIULIUHCKWY TTepCoHall,
CaHWUTAapKH.

[TpoaHanu3upyeM KjtoueBbie MpobyieMsbl pac-
CMOTPEHHOT0 Kelica C TOUKM 3peHusI MecTa U poyiu
KOJIJIEKTHBHOTI'O [J0rOBOpPA B YIIpaB/IeHUs MeJULIMHCKON
opraHu3aren.

1. He npoBOAU/IMCh TePeroBOpBbI C YaCThbEO KOJIJIeK-
TUBA COTPYAHUKOM MEJULIMHCKON OpraHu3aliyy, He COo-
CTOSLLIMMU B TIePBUYHOM PO COI03HOM OpraHu3aLuy;

2. 'naBHBIM BpauoM eJMHOJIMYHO TIPUHSATO pellie-
HUe 00 U3MeHeHUH YCJIOBHI KOJUIEKTUBHOTO I0TOBOPA
JIOKa/IbHbIM HOPMaTHBHBIM TIPAaBOBBIM akTOM 0e3 1po-
BeZieHUs 00111ero cobpanusi pabOTHUKOB MeULITHCKOM
OpraHuv3aLuy;

3. ITpu u3menenuu «IlonoxxeHus 06 oruiate Tpyza»
[JIaBHBIM Bpad PYKOBO/CTBOBAJICS B MIEPBYIO OUYepPeb
TIOJIMTUKOM OIIaThl TPYZa, NpeJjiaraeMol yupeaure-
JieM MeJJULIMHCKON opraHu3anuu, 6e3 yueta MHEHUsI
COTPY/HUKOB.

OTpenpHO OTMeTUM, CyAeOHbIe pelieHus T0 Ka-
)gomy u3 175 uckoB 6a3upyroTCs Ha OCHOBaHUM
HEeMpPaBOMEPHOI0 U3MeHeHHs KOJUIEKTUBHOIO JOr0BOPa.

BTopo#u kenc

CoBepILieHHO JpyTasi CUTYaLusi CJIOKU/Iach B O0Tb-
HUILIe OJJHOTO M3 TOPOJCKUX OKPYroB UesnssOMHCKON
00s1acTH, B OCHOBe KOTOPOM TaKyKe JIE)KUT HeJJ0OLIeHKa
POJY KOJIJIEKTUBHOTO /I0r0BOpPa B YIIpaB/eHUH.

B Teuenue tpex mecsues 2023 roza Bce XUpypru
MeJJMLIMHCKOM OpraHM3aliy Harucaau 3asiBjieHue
00 yBOJIbHEHHH TI0 COOCTBEHHOMY KeJTaHHI0, apryMeH-
TUPY$ CBOIO MO3MLIMIO TTOBBILIIEHHON Harpy3Koi, HU3KOM
3apaboTHOM MIaTol U ycTapeBllled MaTepraibHO-
TeXHUYeCKOW 6a30i.

«He mpuobpeTanuck B J0CTaTOUHOM KOTMYECTBE
MHCTPYMEHTHI, pacXo/iHble Mateprasbl. He mpoBoaunocs
JO/DKHBIM 00pa30M TeXHHUYeCcKoe 00C/Ty>KUBaHUe, pe-
MOHT 1 0OHOB/IEHHE yCTapeBILero napka MeIULIMHCKOTO
obopygoBanusi. He mpoBoguivcek paboTsl 110 roggep-
KaHHIO 3/1aHUH B Y/|0B/IETBOPUTETHLHOM TEXHUUECKOM
cocrostHuu. Crapasi mpoBojKa B 60/IbHMULIE U BOBCE
CTaHOBUJIACh IPUYMHOM 10’KapOB B ONepaliiOHHOM
6/10ke» — KOMMeHTapuii OHOTO U3 YBOJTUBLINUXCS
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CTeLUa/IMCTOB peruoHaIbHOMY CPeJCTBY MaCCOBOM
“H(pOopMaLu.

Xupypruv MO 00paTUTLCS K TIPABOBOMY MeXa-
HU3MY KOJU/IEKTUBHBIX TIEPETOBOPOB [I7Is1 00CYKIeHUsI
V3MeHeHHM B KOJIJIEKTUBHOM JIOTOBOpe MeJUL[MHCKON
OpraHM3allyH C LIeJIbIO MOBLILIeH!sT 3apab0THOM TIaThI
Y U3MeHeHUs yc/ioBUi Tpyaa. OfHaKo OHU MOCTaBUIH
PYKOBO/ICTBO Me/TUITMHCKOM OpraHu3aliyu repe/ (paktom
CBOET0 YBOJIbHeHUs1, TpeOysi HeMe/IJIeHHBIX ITepeMeH.

17151 ropozia XUpPYpru COCTAB/ISIA HEOTbEMIIEMYTO
YyacTb KpUTUUeCKON MHGPaCTPYKTYPhl SKCTPeHHOM
MeUI[MHCKOM MOMOIIH, TaK Kak Ha 159 Thic. Hacese-
HUSI paboTasio 3KCTPEHHOE XUPYPrudeckoe OT/e/IeHe
rOCy/lapCTBeHHOW MeJUITMHCKOW OpraHu3aIivu ¢ 7 Tpo-
(UNBHBIMU CTIELIMATUCTaMMU.

[Tocse MpUHATHSA TJIaBHBIM BpPauoM pelleHHus
00 YBO/IbHEHUU YeThIPEX U3 CEMU XUPYPIoB B CUTYALHIO
BMeLIasI0Ch PYKOBOJCTBO PErOHA/IbBHOTO MUHUCTEPCTBA
3/JpaBOOXPaHeHUsI.

MUHUCTP MHULIMMPOBAJa KaK KOJJIEKTHBHbIE
TIeperoBOphbI C COTPYJHUKAMH FOPOACKOUW OOTBHULIBI,
TaK ¥ UH/MBU/lya/bHble TIePeroBophl C BpauaMu, Ha-
MMCaBIIVMHU 3asiB/ieHHe 00 yBOIbHEHUH, TTOPYYHIIa
rpoBeZieHe (PMHAHCOBOTO ay/juTa OpraHu3aluu, BBe-
Jla TIOCTOSIHHBIA KOHTPOJIb yUpeauTess 3a KaZpoBOi
paboToii, opraHu3aryen 3aKyroYHbIX MepPOTPUSTHI
1 (MHAHCOBO-X03MCTBEHHOU J1esiTe/IbHOCThIO.

YcnoBus Tpya CreUasrucToB, paboTaroIMX B 9KC-
TPeHHOUW XUPYPIruu, ObI/IM y/IyullleHbl, B YACTHOCTH,
oTzesieHre OBLJIO TTepeHeCceHO B COBPeMeHHbBIN 00/Tb-
HUYHBIN KOPITyC ¥ Ha TPU Mecsilja /iJisi KOMIeHCalu1
KaZIpoBoro feduiiuta 6pu1H C(HOPMUPOBAHBI BbIE3/HbIE
Opwra/ipl CrieraaIuCTOB, KOTOPbIE MPUe3Kali B TOPO,
13 00/1aCTHOTO LIeHTpa /Jisi pabOThI BAXTOBBIM METOZOM.

[TpoaHanM3upyeM KitoueBbie TpoOIeMbl pac-
CMOTPEHHOTO0 Kelica C TOUKM 3peHUsI MecTa U poyiu
KOJIJIEKTHBHOT'O /IOTOBOPA B YIIPaB/IeHUsS MeIULIMHCKON
opraHu3ariuei.

CoTpy/IHUKY 1 PyKOBO/ICTBO MeAWLIMHCKOM OpraHu-
3aLMY He MHULIMMPOBAIU KOJ/IEKTUBHBIE TTePErOBOPbI
JJ1s1 BHECEHHYsI U3MeHeHUM B KOJUIEKTUBHBIN JJOTOBOP
Y paspelleHus: TPOTUBOPeUYri Ha MpUeMIeMbIX [/1s1
Ka)KZI0M CTOPOHBI yCI0BUsSIX. B pe3ysbTaTe uero pas-
pellieHre MPOTUBOPEeYM B KOJIJIEKTUBE TOPOACKOM
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OO0/IbHUL[BI OBIJIO IOCTUTHYTO KO/UIEKTUBHBIMU U UH-
JUBUZyaTbHBIMU [1€PEroBOpaMu, UHULIMMPOBaHHBIMHU
pervuoHaTbHBIM MUHUCTEDPCTBOM 3/]pPaBOOXPAaHEHHSI.

KoHpauKT MexJy crierjuaqucTaMy U PyKOBOJ-
CTBOM MeJULIMHCKOW OpraHu3aluu, CBsI3aHHBIU
C OTJIaTOM U YC/IOBUSAMU TPya, ToTpeboBam BMe-
1IaTeabCTBa yupeauTess U TOUCKa KOMIIPOMUCCa,
KOTOPBIH B TOM UMC/Ie TIPUBEJ K 0CBOOOXKAEHUIO
OT 0JDKHOCTH T7IaBHOTO Bpada ¥ U3MEeHEHHI0 yCJIOBUM
TPyZa XUPYProB, COCTABJSAIOLINX HEOTHEMIEMYIO
YyacTb KpUTUUeCKON UHGPPaCTPYKTYPhbl IKCTPEHHOM
Me/IMI[MHCKOM TTOMOIIH.

CnenyeT 0TMeTUTh, UTO KoJI/IeKTUBHBIN JOTOBOD
MeIUITMHCKOW OpraHu3aIiuy, MPUHATHINA Ha ob11em
cobpanuy coTpyHUKOB 22 utosist 2021 roga u AefCTBy-
ot 710 21 utonst 2024 rofa, cofieprkat T0JI0KeHUsT
00 yC/IOBUSIX M OXpaHe TPy/a, MOopsiike HAUMC/IeHUS
3apabOTHOM T/1aThl, COLMAIBHBIX JIBTOTAX U FAPAHTUSX
COTDPYAHUKOB.

B paccMOTpeHHbIX CUTyalMsiIX MOXKHO KOHCTaTH-
POBaTh HeIOOLIEHKY aZilMUHUCTpaLel MeJULIMHCKUX
opraHu3sanui ponu KonjnekTuBHOro A0roBopa, Kak
C TIpoLieCcCyanbHOM, TakK U C Cofep KaTe/bHON TOUKH
3peHusl.

O6cyxaeHue

B MexxayHapogHOM 3aKOHO/IaTeIbCTBE MOHATUS
«KonnekTrBHbIe MleperoBopbi» U «KoneKTUBHBIN [j0-
rOBOp» BIIepBbIe NpHBesieHbl B Pekomenzarmy Ne 91
MexayHapoAHOW opraHu3aluu Tpyja (ganee cokpa-
mieHHO — MOT) ot 29 utons 1951 rozia, oTMeTHM, YTO
Poccuiickas @enepanus ¢ 1991 roga — nosiHONPaBHBIN
ujieH JJaHHOW OpraHu3aliuu, Kak MpaBoIpeeMHUIla
CCCP [14].

B mokymeHTe cofiep>KUTCS peKOMeH/Ialluu O TIpo-
1Ljeflype Be/leHUs1 KO/UIeKTHBHBIX I1eperoBopos, cdepe
JIeVCTBUS KOJUIEKTUBHOTO JIOTOBOPA M OTHOITIEHUM MeX-
[y KOJ/IJIEKTUBHBIM ZJOTOBOPOM U TPYZOBBIM JOTOBOPOM
KaXk[IOr0 OTZe/IbHOrO coTpyAHUKa. HanmoHaneHOe
3aKOHO/]aTe/IbCTBO B 3TOU cdepe, a UMeHHO, [1aBa 7
«KoJi1eKTvBHbBIe JOTOBOPbI U COIVIallieHus1» 1 pynoBoro
Kogekca Poccuiickoli @ezeparpiy pa3paboTaHo C yUeTom
pekoMeH/jaiui, ipenoxeHHsix MOT [4].
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B cBsA3u ¢ TeM, uTto pekoMeHzanguu MOT
B TOW WM MHOU (hOpMe yUuUThIBatOTCS BceMH 187
CTpaHaMU-y4YaCTHULIaMU OpraHU3aLiM, HalMOHAa/lb-
HOe 3aKOHO/aTe/IbCTBO pa3/IMYHbBIX CTPaH B BOIIpOCe
KOJIZIEKTUBHBIX JOTOBOPOB U UX PO/ B yIIPaB/Ie€HUU
opraHu3anusamu Oyget aHasoruuHo. Paccmorpum
HeCKOJIbKO IPUMepOB.

Pecny6mmka Ka3zaxcran

I'naBa 14. «KonnektuBHbIl 0roBop» TpyznoBo-
ro Kogekca Pecniy6siiku Ka3zaxcrad ot 23 HosiOps
2015 roga Ne 414-V 3PK mocssiilieHa cofiep>KaHUto,
CTPYKTYpe, CPOKaM U cdepe eliCTBUS KOJITIEKTUBHOTO
nmorosopa [15].

Kak u B Poccutickoit ®epepanuu, Mexxay MuHu-
CTepCTBOM 37ipaBoOXpaHeHust Pecnybsmky Kasaxcran
3aKJIIOUMJIO OTpacjaeBOe COIViallleHWe Ha [epuoj,
€ 2023 o 2025 rT. € 11eCTb0 pa3/JnYHbBIMU MeJU-
LIMHCKUMHU P0G COI03HBIMU OpraHu3anusamMu u Ha-
1MOHa/IbHOM MeuiiuHcKoM nanatoit. CornaiieHue
¢daxkTHuecKy 00s13a710 KaXKAyI0 roCyZapCTBeHHYIO
MeJULIMHCKYI0 OpPTraHU3aLjiio CO3/1aBaTh KOJJIEKTHB-
HbIN goroBop [16].

B ny6nukanuu «3amuTa TpyJOBBIX TIPaB MeIu-
L[MHCKUX PabOTHUKOB MpodeCCOHANMBbHBIMU COI03aMU
B Pecriybriike Ka3axctaHn» aBTOpBI BBIJESIOT ITPOOIeMy
Hecepbe3HOro OTHOIIeHus: paboToziaTesneli He TOMBKO
K COCTaBJIEHHIO COZ|eP>KaHMsl KOJIJIEKTUBHBIX JOTOBOPOB,
HO U K 3aK/IFOUeHUI0, NTPOAJIEHUI0 CPOKA UX JIeUCTBUS,
BHECEHUIO JIOTIOJTHEHU Y U3MEeHeHH B CBSI3U C pas-
JIMYHBIMU COL{MAa/IbHO-3KOHOMHUYeCKUMHU (pakTopamu,
M3MEeHEeHUsIMU B TPYZ0BOM 3aKOHOZarenbCcTBe [17].

[Togo6HOe OTHOILIEHVe OPTaHM3aTOPOB 3/IpaBOOXPa-
HEeHUs K K/TFOUeBOMY JIOKa/IbHOMY aKTy BJIedeT 3a co00t
Kasio0bI COTPYHUKOB B MPO(COI03HBIE OpraHK3ariyy,
KOTOpbIe BJIEKYT 3a C000i (hrHaHCOBbIe U3epKKU. Tak,
ToNbKO 3a 10 MecseB 2022 roga npodcoro3Hasi opra-
Hmsarus «AQNIET» no 4,9 Teic. obpartjeHuii 10611ach
CyMMapHO KOMTIeHcaluy B pa3mepe 269 myH Tetre [17, 18].

CpaBHuBast «Cofep>kaHue KOJUIEKTUBHOTO [J0TOBO-
pa» B 3aKOHO/ATe/IbCTBAX JBYX CTPaH, OOJBILIMHCTBO
MYHKTOB OZIMHAKOBBI UJIM aHAJIOTUUHBI, OJJHAKO B CT. 41
TK P® nipesicTaB/eH MyHKT «0TKa3 OT 3a0aCTOBOK TPH
BBITIOJITHEHUM COOTBETCTBYIOLLMX YCIOBUM KOJIIEKTHB-

242

HOT'O ZIOrOBOpa» — KakK YacTh KOJJIEKTUBHOTO JOTOBOPA,
aHaJioroB TyHKTa B Ka3zaxcTaHe He ripeycMoTpeHo [9].

B Toxxe Bpems B cT. 157 TK PK npezcraBieH mMyHKT
«0 CO3/1aHUM YCJIOBUM JJ151 1eATeIbHOCTU TIPOogeccro-
HaJIbHOTO COF03a», KOTOPBIN 00s13aTe/bHO JI0/DKEH OBITh
BK/FOUeH B KosiekTrBHBIN JoroBop [19].

Takum obpa3om, noka B Poccuiickoii depepanyiu
WZIeT TTO3TaIHLIN Mpoljecc hopMHUPOBaHUS 00IIIeCTBEH-
HBIX U HEKOMMepYeCKUX OpraHr3alyi B MeJULIMHCKOU
cdepe, B Pecniybnrike Kazaxcran co3aHbl YCIOBHS JI/IST
(hopMHpOBaHUsI HEKOMMepUeCKUX OpraHu3aluii B popme
npodecCcroHaNbHBIX COI030B B KaXK/[OW MeTUI[UHCKOU
opraHuzanuu [ 16, 19, 20].

®panny3ckas Pecny6iuka

AHanorom «KoJIJIeKTUBHOTO /I0roBopa» B Hauu-
OHa/IbHOM 3aKOHO/aTe/bcTBe PpaHLIUM BBICTYIIaeT
«Convention collective» — ncesMeHHOe CoIVIalleHue,
3aK/IF0UeHHOe MeXXy IpeJCcTaBUTe/IbHbIMU Npogco-
F03HBIMHM OpTaHU3alUsIMU U paboTojaTe/nssMu UIH
oObearHeHUsIMU paboTozaTeseit [21].

«Convention collective» Bo ®paH1mu 3aK/to-
YarTCs He MeXXAY COTPYAHUKOM U paboTozarernem,
a MeXX/Jly TpeJCTaBUTeIbHBIMU OPTaHU3aLUsIMU
COTPYJHUKOB, HallpuMep, O0TpaciaeBbIMU PO Coro-
3aMU U accouuanusaMu pabortogaresneid. CormacHo
HalMOHA/JIbHOMY 3aKOHO/laTe/IbCTBY KakJ0e Takoe
cornamieHue GUKCUpPyeTcs B peecTpe npu MUHHUCTep-
CTBe TPyZa U SIBJSIeTCS [J0N0JIHeHHEM K TPYZ0BOMY
Koziekcy [21].

Haripumep, «Convention collective Hospitalisation
privée — 3307» mipesicTaB/sieT OO0 KOM/IEKTUBHBIM
JIOTOBOP MeX/y COTPYAHUKAMHU U paboTofarensiMu,
OKa3bIBAOILIMH YCJTYTH TI0 TOCITUTA/IM3AlH B YaCTHbIE
MeIMLIMHCKWe OpraHu3aLuu [22].

[Tpu 3TOM mapanienbHO AeWCTBYyeT JOTOBOP
«Convention collective Etablissements privés
d’hospitalisation, de soins, de cure et de garde a but
non lucratif — 3198», perympyoiuii rocruTani3aryo
Y JleueHure ZieTeld B HEKOMMepue CKUX MeAULIMHCKUX
opraHuzanusx [23].

B opraHu3anusix [jjisi yCTaHOBKHU [JOTIOTHUTE/TBHBIX
COL[MA/IbHBIX TapaHTHH KOJ/UIEKTUB C paboToaarenemM
MOJKeT TOANUCAaTh KOPIIOPAaTHBHbBIE COT/IAIIeHUs] —
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«Accords d’entreprise», OHU He [JOJKHBI TTPOTHUBOpE-
yuTh TpyJ0BOMY KOZEKCy, oTpacieBoii «Convention
collective» 1 MOryT /ML yCTaHAB/IMUBaTh JOMOIHU-
TesbHBIE JIbIOTHI U COLMabHbIE FTapaHTHH JJ11 COTPYL-
HUKOB. [1711 HEKOTOPBIX NPeANPUATHAN KOPIIOPaTUBHbIE
coryiallleHus SIB/ISIIOTCS 00si3aTenbHBIMU. Kaxkgoe
MOJIIMCaHHOe corvialleHue (GUKCHUPYeTCs B peecTpe
MunucrepcTBa Tpyza [24, 25].

KoHTposisi co cTopoHBI (efiepabHbIX BacTel
3a KOPITOPaTUBHBIMU COITIAIIEHUSIMUA U KOJUIEKTUBHBIMU
JlorOBOpaMH, Ha3HaueHue 1TpadoB paborogaresnsim
Y yCTOMUMBAsI KyJIBTYPa 3all{UThl COOCTBEHHBIX TPYZO-
BBIX 1paB B0 dpaHily3ckoii Pecrybiiuke rpemnsTcTByeT
XaJlaTHOMY OTHOLLEHHUIO K JIOKaJbHBIM TPYZOBbIM aK-
Tam [26, 27].

BbiBOAbI

1. KonnekTUBHBIN [JOrOBOP — OAVH U3 K/It04e-
BbIX JIOKa/IbHBIX TIPaBOBBIX aKTOB, 00eCreunBarommx
yTipaB/ieHre MeJULMHCKOM OpraHy3aLyeli, MHCTpyMeHT
TIPUHSTUS ypaB/eHYeCKUX pelLleHui 10 nepCcoHamy
OpraHU3aly C ITyOOKHUMHU I0pUrue CKUMH TTOCIIe]I-
CTBUSIMH, KOTOPbII UCIO0JIb3yeTCs He TObKO B Poccuii-
ckou PesiepaLiuy, HO U B IPYTUX CTpPaHaX-y4aCTHULIAX
Me>xyHapoZHOM OpraHv3alyy Tpyza.

2. OCHOBHBIe MperMy1eCTBa UCIO/Ib30BaHUs KOJI-
JIEKTUBHOTO [IOTOBOPA: 3allTa UHTePeCOB PAOOTHUKOB,
rapaHTHsi CTaOUILHOCTH YC/IOBUM TPyZa U HOPMHUPO-
BaHUe MpOoLeCCyalbHOr0 MeXaHU3Ma yperyaupoBaHus
KoHQUKTOB. HeflocTatku: orpaHudeHusi CBOOOAbBI
JeNCTBUM aMUHUCTPAL1, HEBO3MO)KHOCTb y4aCTHUs
BCeX PAaOOTHHKOB 1 CJIOKHOCTHU TIPY BeJJeHUH KOJJIeK-
THUBHBIX [IEPETOBOPOB.

3. B IpyHATHM ¥ BHECEHUU U3MeHeHWH B Kosnek-
TUBHBIU [JOTOBOP [O/DKHBI IPUHUMATh yUacTHe Mpeji-
CTaBUTEJIM BCETo TPYA0BOrO KOJ/UIEKTHBA, a He TOIbKO
TIpe/ICTaBUTE/MN 00ITIeCTBEHHBIX 00beIHHEHHH.

4. B cogmepxanve KosiektrBHOro forosopa B Poc-
cutickoit deiepaliyu 11e/1ecoobpa3sHo BKIIFOUYATh, UCXO/S
13 yCJIOBUM, T0JI0KEeHUs], TIPe/yIO’KeHHble B cTaTbe 41
TpynmoBoro Kozekca.

5. HepooueHka agMuHKCTpaLield MeULIMHCKOU
opraHusaluu poiy 1 Mecta KosiekTuBHOro oroBopa

HEALTH POLICY AND PUBLIC HEALTH

B yIIpaB/IeHUU TPYAOBLIM KOJIZIEKTUBOM (POPMHUPYET
coljMa/sibHOe HaTpsyKeHue B KOJIJIeKTHBe, TpebyeT
TIpUBJI€YEHUs] PerMOHAIbHbIX OPTaHOB UCIIOTHU-
TeIbHOM BIacTH (yupeAuTessi) K pelieHunto mpobiem
OpraHu3aliH, BefleT K CyAeOHbIM pa3brpare/ibcTBaM
Y (MHAHCOBBIM U3[€P’KKaM.

6. ITpoaHaM31poBaHHbIe MaTepUasbl 0OparawT
BHMMaHKe He TOJIbKO Ha Mpo6sieMy HeIOOLIeHKH Coziep-
)KaHMsI KOJIJIEKTUBHOTO ZIOTOBOPA, HO U K TpoLiefype
3aK/I0UeHus, IPOAJIEHUIO CPOKaA /1eHCTBUSI, BHECEHUIO
V3MeHeHUH U JI0TI0JTHEeHUH, UTO XapaKTepHO Ji/isl opra-
HU3aTOPOB 3/paBooxpaHeHus B Poccutickoit ®enepariun
Y MOKET OBITh CBSI3aHO C OTHOCHTE/IBHO CBOOOJHBIM
pery/iMpoBaHreM 3Tou (popMbl 00IIeCTBEHHBIX OTHO-
LIEeHUH.

7. ViccnepoBareny 0TMeUaroT, uTo BO dpaHIy3CcKoit
Pecriy6siike B pe3ysibTare [1eTaabHOTO (eZiepaabHOro
peryivupoBaHus KO/UIEKTUBHBIX U KOPIIOPaTHUBHBIX
JIOTOBOPOB 0becrieunBaeTcsi COOMoieHre YCTaHOB/IeH-
HBIX 3aKOHO/|aTeIbCTBOM U JIOKa/IbHbIMHA HOPMaTHBHO-
TIPaBOBBIMU aKTaM{ TpeOOBaHUI U TIOPSIJKOB.
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AHHoTanusa. AKmyanbHocmb. B yC/IOBUSIX COBpeMeHHOUM KOHKYPEeHIMU MTPOeKTHOe YITpaB/ieHHe MOXKET 00eCreunuTh
6oJs1ee BBICOKYIO CKOPOCTB U KaueCTBO JIOCTH)KEeHHsI CTpaTernyeCcKuX 3ajlay, IOCTaB/IeHHBIX TIepef] 0TPac/Ibio 3paBoOXpaHeHHs
TP MUHMMAJIbHBIX 3aTpaTax ¥ PUCKax. B cBs3u ¢ HeOOXOAWMOCTBIO pean3aliii perHoHaIbHbIX TPOEKTOB C 6osiee BHICOKON
CKOPOCTBIO 1 KaueCTBOM MPO6/ieMbI a/lTOPUTMHU3ALAK TIPOLIeCCOB YTIPABIeHHS MPOEKTaMH CTAHOBATCS aKTya/lbHBIMU. Llesbro
WCC/IeJOBaHMS CTaJI0 HAXOXKeHHe MOJie/Ty TIPOTOTHIIA YIIpaB/IeH s POLIeCCaMy TIPOeKTa MeIULIMHCKOM OpraHu3alliy, MOCTPOeHHOH
Ha (hopManr30BaHHBIX JaHHBIX (PYHKIMOHATBbHBIX COCTABISIOIINX TIPOEKTa M alTOPUTMaXx, MOMyUYeHHBIX B X0/e MO3TaltHOro
MO/Ie/TMPOBaHUs CUCTeMbl. Mamepuasbl U Memodbl. MarteprasamMy UCC/IeI0BaHUS CTaH HayuHble pa3paboTKu, TOCOOUs U TPYbI
POCCHUHCKUX U 3apy0OeKHbIX aBTOPOB, TIOCBSILI[eHHbIe SKOHOMHUKO-MaTeMaTHueCKOW MOZ(eJTH TTOAJIeP>KKY TIPUHSTHS PellIeHui
B OpraHU3aLUsiX Pa3HOTO THIIA, a/jalTALMOHHBIM CIIOCOOHOCTSAM MeIULIMHCKHAX OpraHM3aLyi, peany3yoIiuM Hal[MOHa/IbHbIe
TIPOEKTHI B 3paBOOXpaHeHUH. Pe3yibmambl u 06cysicoeHue. CloxkHasi MHOTOYPOBHEBasi CUCTeMa peaji3aLiiy POeKTOB B OTPaCc/v
3/[pPaBOOXPaHeHMs], HeCTabUTLHOCTh BHEIIIHEeH cpefibl U pa3HooOpa3sue noTpebHOCTel 3aMHTepeCOBAHHBIX CTOPOH TpedyeT
HaXOKJeHHe aJITOPUTMOM peanr3aliiy yrpaBjieHdeCKUX MpoLieccoB. B paMKax vcciie[oBaTe/IbCKOr0 BOMPOCa B Mporiecce
MOCTPOeHws1, popMar3aii paboThl CUCTEMEI, ee 37IeMEeHTOB, TIpe/iCTaB/ieHre JAHHBIX O TIPOTOTHIIE MPOeKTa MeAUMHCKON
OpraHU3aLiK UTEPAaTUBHO YTOUHSIETCSI — B COOTBETCTBUH C JAHHBIMH, CHHXPOHHO YTOUHSIIOTCS M aITOPUTMBIL. /1715 TIOCTPOEHHS
MOZe/ T TIPOTOTHUIIA TIPOLIECCOB YIpaB/ieH!s] B MeIUIIMHCKOW OpraHM3aliy peruoHa B LieJisiX mocieytomeli uuppoBru3anum
Heo0XouMO TpoBe/ieHre popManu3arin epeMeHHbIX, OTpeZie/ieHre B COOTBeTCTBUHY C Pa3MepOM JiMaria3oHa 3HaueHHi, KOTopble
MOXKeT IPUHUMATh 3Ta MepeMeHHast, /151 TIoc/ieytoweli 3hGeKTHBHON aJropUTMHU3aLAK TIPOLIeCCOB YIpaB/ieHus. ABTOpaMu
TOC/IeZl0BaTe/IbHO COOTHECEHBI 3TalbI TIPOLIECCOB YITPaB/IeHUs IPOEKTOM C K/IaCCU(PUKALIOHHBIMI XapaKTepUCTHKaMU Moziesier
[JIsl yCTAHOBJIEHUS 3TAlOB MX IMOCTPOEHUs] U MOZIe/TMpOBaHust paboueli Mozie IPOTOTHIIA TIPOeKTa. Bbigoobl. YcTaHOBUB
OINTTUMA/TbHBIN (3¢ QEeKTUBHBIN) MPOTOTHUII YTIPaB/IeHUeCKUX ITPOIeCCOB MPOEKTa, BO3MOXKHA €ro He3aMe/l/InTe/IbHasi MHTeTpaLivs
B TIPOEKTHYIO CpeJly MeJULIMHCKOM OpraH13aliy, C UCIIOIb30BaHHeM METOZ0B MAllIMHHOTO 00yYeHVsl.
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KiroueBble c/10Ba: MPOEKTHOE YIIpaBJieHWe, MO/ie/b IPOTOTHIIA TIPOLIeCCOB YITPaB/IeHHs], Pean3alysi perioHalbHbIX
MPOEKTOB, a/ITOPUTMU3ALIMSI TIPOLIECCOB YTIpaB/ieHus], 1M(POBU3aLIvs, MallIMHHOe 00yuyeHue

Nudopmanus o puHaHCHpOBaHUH. ABTODHI 3asB/ISIOT 00 OTCYTCTBUM BHELIHEro (MHAHCHPOBAHUSL.

Bxknap aBTOpoB. AxoxoBa A.B.— 0030p 1o TeMe ry0MKalyy, HarMcaHve paboThl, OKOHYATeIbHOE YTBEP)K/eHNe BePCHUH ISt
nybmmkaiyy; Kappanrymesa A .M., Trnakagyrosa M.X., KapgaHoB A.A., I'a3aeBa A.M. — au3aiin uccnenoBanusi; Xokonosa JI.T.,
IMTmykoBa A.A. — c6op 1 00paboTKa MaTepyasia. Bce aBTOpLI BHECM 3HAUUTE/ILHBIN BK/Ia/ B Pa3pab0TKy KOHIIEII[UH, UCCITe-
JIOBaHUs ¥ TIOATOTOBKY PYKOIMWCH, TIPOYNTAJIN U YTBEPAWIM OKOHYATeIbHYI0 BEPCHIO Tiepe] ImyOMKarpe.

HNudopmanus o KOHGIUKTE HHTEPeCoB. ABTOPHI 3asIB/ISTIOT 00 OTCYTCTBUM KOH(IMKTa MHTEPECOB.
JTHUecKoe yTBep)KAeHne — HelIPUMEeHUMO.

BaarogapHoCcTH — HE[IPUMEHUMO.

HNudopMupoBaHHoe coriacue Ha MyOJIMKaLHI0 — HENPUMEHHUMO.
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Medical organization management processes optimization
through prototyping algorithms definition

Azis V. Akhokhova®? 23 Aksana M. Kardangusheva' =, Madina H. Tlakadugova' ",
Liana T. Khokonova' ', Asiyat M. Gazaeva' =, Azamat A. Kardanov' ~, Albina A. Pshukova'

2Kabardino-Balkarian State University named after H.M. Berbekov, Nalchik,
Russian Federation
"Limited liability company Firm «SEM», Nalchik, Russian Federation,
X Aza_stih@mail.ru

Abstract. Relevance. In today’s competitive environment, project management can ensure higher speed and quality of
achieving strategic goals set for the healthcare industry at minimal cost and risk. Due to the need to implement regional projects
with higher speed and quality, the problems of algorithmization of project management processes become relevant. The aim of
the study was to find a prototype model for managing the processes of a medical organization project, built on formalized data
of the functional components of the project and algorithms obtained during stage-by-stage modeling of the system. Materials
and Methods. The research materials included scientific developments, manuals and works of Russian and foreign authors
devoted to the economic and mathematical model of decision support in organizations of various types, the adaptive abilities of
medical organizations implementing national projects in healthcare. Results and Discussion. The complex multi-level system
of project implementation in the healthcare industry, the instability of the external environment and the diversity of stakeholder
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needs require finding an algorithm for the implementation of management processes. As part of the research question, in the
process of constructing, formalizing the operation of the system, its elements, the presentation of data on the prototype of the
medical organization project is iteratively refined — in accordance with the data, the algorithms are simultaneously refined. To
build a model of a prototype of management processes in a medical organization in the region for the purpose of subsequent
digitalization, it is necessary to formalize the variables, determine in accordance with the size of the range of values that this
variable can take, for subsequent effective algorithmization of management processes. The authors consistently correlated the
stages of project management processes with the classification characteristics of models to establish the stages of their construction
and modeling of the working model of the project prototype. Conclusion. Having established an optimal (effective) prototype
of the project’s management processes, it can be immediately integrated into the project environment of a medical organization
using machine learning methods.

Key words: project management, prototype model of management processes, implementation of regional projects,
algorithmization of management processes, digitalization, machine learning
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BeepeHue

[ToBblilIeHWe aJanTUBHOCTHA MOJEeIMPOBaHUS
00BeKTOB HaXOAUTCS B MPSIMON KOpPpesiuOHHON
3aBUCUMOCTHU OT MPOLIeCCOB LU(PPOBU3aALUU B pas-
JIMYHBIX cpepax /esTe/IbHOCTH, B TOM UMC/Ie B OTPac/u
3/paBooxpaHeHusi. B MaTpuiie CTPYKTyphbI MPOLIeCCOB
MO/IeTMPOBaHKs 0OBEKTOB Jie)KaT TPOoLIeCChl UX Gop-
Ma/u3aluu U NipeJBapuTenbHOM YyHUDUKaumu [ 1, 2].

[Ipu paccMOTpeHUH MpOLIeCCOB yIIpaB/eHUs
MpOeKTaMu MeJULIMHCKUMU OpraHr3aLysIMU PETHOHa,
B KaueCcTBe 00BHEKTOB MO/ie/IMPOBaHUs, Heobxoanuma
ripe/iBapUTe/ibHasi MHTepIIpeTaLysi CBONCTB 00beKTa
MyTeM «T1ePeKOJUPOBaHMs» OOIIEeNPUHSTBIX TIOHATHH,
MIPUHSTHIX B TIPOEKTHOM 00/1aCTH B UETKKE aJlTOPUTMbI
orepaLyi, CTpyKTyphbl OCYIIeCTB/IsleMbIX B yTIpaB/IeHUN
TIPOLIECCOB, B X OMNpeZe/eHHYH0 M0C/e[0BaTe/IbHOCTh
¥ KoMOuHaruu [3]. PemieHnst 0 KOMIO3UIMY JaHHBIX
He MOTYT OBbITh TIPUHATHI O€3 3HaHUS a/ITOPUTMOB,
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WCII0JIb3yEeMBIX K THIIaM JIaHHBIM (aprymeHTam (yHK-
L[UH), 1 HA000POT, HaXOXK/IeHHe COCTaBJISIOIINX aro-
PUTMOB 3aBUCHUT OT CTPYKTYPbI 6a30BBIX 3/IEMEHTOB,
cocTaB/AIoNUX NMpoekT [4]. Takum oOpasom, 3ajauy
MOCTPOEHHUSI IPOTOTHIA TIPOEKTA He/Tb3sl OTJEe/SATh
OT 3a/ja4y CTPYKTYPHUPOBaHUs JaHHbIX.

B cBs1311 € Bo3pacTarolliei ”HTEHCMBHOCTBEO 00BEMOB
MH(OPMALKM B OTPAC/ 30PABOOXPaHeHHsI OTlepaTUBHOe
HaXOXJEeHHe ONTHUMa/TbHbIX 1 000CHOBAaHHBIX PeLLIeHUH
Ha BCeX YPOBHSIX PYKOBO/ICTBA CTAHOBUTCS BXKHBIM HH-
CTpyMeHTOM 3(h(eKTUBHOTO Pa3BUTHSI OTPAC/H B 1[€/IOM.
KomuecTBo MH(GOPMALIMOHHOTO MacCHBa OKa3bIBaeT
HeraTUBHOE BO3/IeMCTBHE HeJJOCTOBEPHOCTh JIaHHbIX,
a B UTOTe Ha TIPOIIe/lypy Mpoliecca MPUHSTYS pellieHuti [5].

B cuty TOro, UTO Ha M3B/IEUEHKE Pecypca U3 OrpoM-
HOI'o MaCCHBa [IaHHBIX HE XBATd€T BpeME€HHU, HUHCTPY-
MEeHTa/IbHBIX U MPOTPaMMHBIX CPE/ICTB, TO HAXOXK/JeHHEe
(aHanora) mopeny mpoToTyna (ynpaBieHuUeCKHX)
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TIPOEKTHBIX MPOL[eCCOB MeAULIMHCKOW OpraHu3aluu
C UCTIO/Tb30BaHKEM arOpUTMa(0B) MO3BOJISTIOT BBIOPATh
ONTUMaJIbHYIO0 MOZIeJIb YIIpaB/ieHUs], SKCIIepUMeHTH-
POBaTh C Hell.

Llesibto vccnenoBaHMs CTAI0 HAX0XKAeHHe MO/
MPOTOTUIIA YIIPaBAeHUs MPOLeCCaMU MeJULMHCKON
opraHu3alyu, MOCTPOeHHOU Ha (OpMaM30BaHHbIX
Jl@aHHBIX (DYHKIIMOHAJIBHBIX COCTABJISIOIIUX MPOEKTa
Y aJirOpUTMax B X0/l 3TarloB MO/le/TMPOBaHUsI CUCTe-
MBI: OT CO3/laHUSI KOHL|ENTYyaIbHOM MO/Ie/TU MPOTOTHIIA
MeIMLMHCKOM OpraHu3aliiy, peaau3ytolleil MpoeKThl,
C MIOC/IeTyIOIIAM OTIpe/ie/ieHre arOPUTMOB (1]eTI04eK)
[U1s1 KOMITBFOTEPHOM (MalllMHHOM) peanu3alyy, [0 OLeH-
KU [JaHHBIX pe3y/bTaToB.

MaTepman bl U ME€TOA Dbl

Marepuanamu UCC/IeI0BaHUsI CTaId HayuyHbIe pas-
pabOoTKH, TOCOOUST ¥ TPY/bI POCCUHCKUX M 3apyOe)KHBIX
aBTOPOB, TIOCBSIIIEHHbIE SKOHOMHUKO-MaTeMaThye CKOU
MOJIe/TY TIOZIePIKKH TIPUHSITHS PeLlieHH B OpraHu3aLifsix
Pa3HOTO THIIA, afaNTALIMOHHBIM CITIOCOOHOCTSIM Me/iv-
LIMHCKMX OpPraHU3aLi, peai3yroLyM HalliOHA/IbHbIe
TMIPOEKTHI B 3jpaBooXpaHeHuy. [1py oopmieHnn cratbu
MICII0/Tb30BaHbl OPUTMHAJIbHBIE aBTOPCKUE Pa3paboTKu
10 MaTeMaTh4yeCKOMY MO/Ie/TMPOBaHKI0, abCTPAaKTHOMY
TIPOEKTHPOBAHHIO.

KosmmuecTBO MCIO/b30BaHHBIX UCTOYHUKOB 00-
see 30, 3a nepuog ¢ 2014 roza o HacToslee BpeMs.
WudbopmariiioHHoM 6a30# MCC/ie0BaHNs BBICTYITATN
(enepasbHBIe 1 pervoHaibHbIe HOPMaTHBHBIE [TPABOBbIe
aKThbl, OMyO/TMKOBaHHbIE B CIIPABOYHO-TIPABOBBIX CHCTe-
Max TI0 3aKOoHo/jaTenbCcTBY Poccuiickoii deneparyy,
3JIEKTPOHHBIE PECYPCHI.

Mertonamu rcciejoBaHusi CTay abctparpoBaHie,
CHHTe3, MaTeMaTHueCcKoe MOJie/TMPOBaHue, CUCTeMHBIN
aHa/Iu3, CpaBHEeHIe, CCTeMHBI 1 KOMIUIEKCHBIH MOJXOABL.

Pe3ynbraTbl M 06Cy)XAEHME

AJITOpUTMBI M CTPYKTYPHI AQHHBIX POTOTHIIA
MPOEKTa, B YeM pa3/Inuusi ¥ B3aUMOCBA3b?
B TexHHMUeCKOM acleKkTe JaHHble MOHSITUS
He TOXXJeCTBeHHbI ApyT Apyry. MeTtacdopa o Tom, 4To
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CTPYKTYPBI IaHHBIX MTOA00OHbI CYII|eCTBUTE/TBHBIM, a aJl-
TOPUTMbI — IJIaroJiaM, TIOMOTaeT IOHSATh UX Pa3/InuHOe
TOBe/IeHNe, U paCKpPbIBaeT UX B3aMO3aBUCUMOCTb.
CTpyKTypbl JaHHBIX — 3TO OCHOBA, CI1I0C006 OpraHu-
3aUuu 00/1aCT 3HAHUH /1/1s1 TIPe/ICTAB/IeHUS JaHHBIX.
ANTOpUTMBI — 3TO TIPOIIEIyPhI, TIOC/IeI0BAaTeTbHOCTh
WHCTPYKLIMH, HarlpaB/ieHHbIX Ha IpeoOpa3oBaHue ITUX
JIaHHBIX [6].

Paccy/ast 0 CTPYKTYpe JaHHBIX ITPOeKTa, MOXKHO
TIPEZITTO/IOXKUTD U CTPYKTYPY OMPE/IeNSION[UX a/ITOPUT-
MOB, KOTOPbIE MOT'YT OBITh BBITIOJTHEHBI C UCITO/Tb30Ba-
HHEM MeTO/I0B MpeoOpa30BaHus 3/IEMEHTOB B/U3 CTPYK-
TYpbI JAaHHBIX. TakuM 00pa3oMm, JaHHbIE MPe/IIeCTBYIOT
aJITOPUTMaM, TO eCTh HY’)KHO UMeTh HEKOTOPbIe 00BEKTHI
W3HAYaJ/IbHO, /Il COBEPIIeHUs] KAKMX-TO MPOLIECCOB
Y BBICTPAMBAHUS T1eTIOUEK TI0C/Ie/[0BaTe/TbHBIX 1eMCTBUI
B OTHOILIEHUH HHUX.

BonbIoi 00beM JaHHBIX, TTOZIeKaIui 00paboTKe,
TIpe/ICTaB/IsIeT COO0M abCTPAKLIMIO YaCTU PeaslbHOCTH.
Habop faHHbIX 0 crcTeMe, MOZIe/TA U TMPOoIieccax eto IMo-
POXKIAEMBIX, OTHOCSIIMXCS K BOTIPOCAM YTIpaB/IeHYeCKOM
JlesITe/TbHOCTH MeIUIIMHCKON OpraHU3arivu, sIB/ISTIOTCS
COBOKYITHOCTBIO, U3 KOTOPOU, MOT'YT OBITH TIO/TyY€eHbI
TIPOTHO3UPYEMbIe Pe3y/IbTaThl. AOCTPaKIVs peabHOCTH,
TI0 CyTH, — 3TO yTpoIlieHre (GaKTOB, UMest B BUJY, UTO
orpezie/ieHHbIe CBOMCTBA Y XapaKTePUCTUKU PealbHbIX
00BEKTOB MTHOPUPYHOTCS, TIOCKO/IBKY OHY BTOPOCTETIEHHBI
Y He UMEIOT OTHOITIEHHS K KOHKPETHBIM TTPOLIeCCaM.

BMecTe ¢ TeM OCHOBHBIE CTPYKTYPHBI ZJAHHBIX Me-
JULIMHCKOM opranu3auuu (siapo I Muni6epra) [7, 8],
KOTOpbIe MO>KHO Ha3BaTh (PyHAMeHTa/TbHBIMU, MOTYT
YTOUHSITHCSI CAHXPOHHO C aJITOPUTMOM B TIPOI[eCCe pe-
aJIM3aL|Y MPOEKTa, B PaMKax OrpaHUYeHHH, HarprMep,
Hasaraembix [1paBunamu [9], u ap.

B KOHTEKCTHOM W3/I0KeHUU TIpeMeTa U3yueHust
HICCITe/I0BaTe/TLCKOTO BOTIPOCA 11€/TH, YCIOBUS 1 TIOPSIZIOK
TIpe/[OCTaB/IeHUsI U pacripezeneHus cyocuauii u3 dee-
pasbHOTO OrofkeTa OromKeTaM CyObeKTOB PoccHiicKoi
denepary B LieIsIX COQUHAHCUPOBAHUS PACXOAHBIX
obs13aTesnbCTB CyObeKTOB Poccuiickont ®enepaiiuu,
BO3HMKAOIUX MTPU Peau3aljii peruoHa bHbIX TIPO-
eKTOB [9], MO>)KHO cuuTaTh B OTpe/ie/IeHHOM CMbIC/Ie
3aKOHO/IaTe/IbHBIMUA OTPAaHUUEHUSIMHM CUCTEMBI («HY-
neBoe npubmmkeHue») (puc. 1).
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I[IpaBHna OpefocTARISHHA H paclpeleleHHsS CYOCHIHIL H3
(enepansHOrO OFOTKETA DIOMKETaM cyOBbeKToB PoccHHCKOH Penepanns
B Ie/iX coHHAHCHPOBAHHS PeaIH3aliy ToCyIapCTEeHHEIX IIPOTPaMM
cybBexToB Poccniickoil @emeparm’ Rules for the provision and
distribution of subsidies from the federal budget to the budgets of the
constituent entities of the Russian Federation for the purpose of co-
financing the implementation of state programs of the constituent
entities of the Russian Federation

MegHIMHCKAS
OpPraHuzaIHS: AApo
I’ Munnoepra/
Medical
organization: core
of G. Mintzberg

Puc. 1. YTouHeHWe hyHAaMeHTanbHbIX CTPYKTYP MeANLMHCKOM OpraHM3aLmmn B pamkax BAUSHUS 3aKoHOAATeNbHbIX
orpaHnyeHunit («Hynesoe NPUBMXKeHNe»)

Fig. 1. Clarification of the fundamental structures of a medical organization within the framework of the influence of legislative
restrictions ("zero approximation")

[To orpenenenuto uccnenosaresns «CrucreMa — 3TO
TIOJTHBIH, 1[eJIOCTHBIM HabOp 371EMEHTOB (KOMITOHEHTOB),
B3aUMOCBSI3aHHBIX Y B3aUMOJEHCTBYIOIMX MEXAY
co00ii TaK, uToOBI MOT/Ia pean30BaThCsl PyHKLHS CH-
CTeMbl. YPOBHH B CHCTEMe MOTYT ObITh COTIOZUMHEHBI
IPyT Opyry, o6pasysi uepapxuo cBsizeid...» [10].

OO6BeKTOM H3yueHUs SIBJISIFOTCS yIIpaBIeH4YeCcKue
TMIpoLieCChl IPOeKTa, UMeloLHe 3a/JaHHYI0 CTPYKTYpYy
10 HabOpy [JaHHBIX 3JIEMEHTOB U TIPU «TIePBOM TpPH-
O/TM)KeHUW» aJIrTOPUTMU3UPOBAaHBI MpaBuiamu [9],
nopsifikamu [11], crangapramu [11], KTuHAYe CKUMH
pekoMeHzaLusAMHU [11], KpUTepUsiMy OL|eHKH Kaue-
cTBa [12], cTaHapTHBIMU ONepaLiMOHHBIMYU MPOLIEAY-
pamu [11] u ap. (puc. 2).

ITpu 3TOM /aHHasi cCTeMa TpefCcTaB/sieT cob0i
COBOKYITHOCTb Pa3/IMYHbIX COTMOJYMHEHHbIX CUCTEM
C Oorpe/ie/IeHHbIM YPOBHEM MepapXU4YHOCTH, KOTOPbIe
3aMBIKAlOTCsI CHU3Y 37IeMeHTaMH HeZleJTMMOoro Ha 60-
Jiee MeJIKMe 4acTH (C TOUKW 3peHus1 peliaeMoil 3a/jauun
WJ/IM TI0 JIOTMUeCKOMY 3aK/toueHuto). ITouck ypoBHs
ToKasareJsis ieTaau3alyu /i 3JIeMeHTOB MPOeKTa,
T0 CyTH, OrpaHrueH HabOPOM [JaHHBIX, OTHO CSIINX-
cs1 MO0 K BBITIOJTHEHUIO 3a/jau MPOeKTa, MMb0 oro-
CpeJj0BaHO BJIMSIIOLIMX Ha UX UCIIOIHEeHHe («BTOpoe
npubsIKeHne»). «...lepapxuueckoe rpecTaBlIeHue
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TIOZICKICTEM, TTyTeM JIeKOMITO3ULIMK CUCTeMBbI, 00/1aziato-
I{ei CHCTeMHBIMH CBOMCTBaMU, HeOOXOAUMO OT/IMYATh
OT ee 37IeMeHTOB...» [4].

[TosToMy ompesiesnieHre Habopa JaHHBIX, OMHCHI-
BalOLL[MX 37IeMEeHThI IPOEKTa, B paMKax (haKThyeCcKon
NIPOEKTHOM JieaTe/IbHOCTU MeJULIMHCKOW OpraHu3aLiyy,
JleTePMHUHUPOBAHO C HAaXOXK/IeHUEeM MHCTPYMEHTOB,
NIpe/jHa3HaueHHbIX /1S pellleHrs] KOHKPeTHbBIX 3a/ad.

PaHee, B opraHu3aljOHHON CTPYKTYype MeJULIH-
CKUX OpraHu3aliii, peajusyIoLIUX NIPOEKTh, BblZle/IeH,
110 MHEHHIO aBTOPOB [13], 0AWH MX [7IaBeHCTBYIOLIUX
371eMeHTOB (()aKTOpPOB BIMUSIHUS) — OIepaljuoOHHOe
sapo obwekTa. To ecTh «...orneparioHHOe PO — 3TO
JIOAU, TIOZIpa3zesieHust U 000pyZoBaHKe, Ha KOTOPOM
OCYILIeCTB/II€TCSl OCHOBHAs [1eSITe/TIbHOCTh OPraHU3aL|y,
BKJIFOYas TIOJTyueHHe 1 pacripe/iesieHre pecypcoB» [7, 8].

UccnenoBatensimu [13] gas HaxoxXAeHUs
OINTUMaJ/ILHOT'O pacyeTHOrO0 roKasare/sl Harpy3Ku
Ha Bpauel-CcrerajiCcTOB MeUIMHCKON OpraHu3a-
LIUM, peasu3ymolijeil MpoeKT c)opMUpOBaHa MaTpULia
pacripeiesieHts1 KOJIMUeCTBa ITpaXkaH, CTPaAaroInx
Cep/leyHO0-COoCyAUCTRIMU 3abosieBaHUsMHU, obecrie-
YeHHBIX JIeKapCTBeHHbIMM Tpernaparamu [14, 15].
Marpuua [13] 6bls1a MpU3BaHa OIpe/e/IUTh OTITH-
MasibHble (TIJIaHOBbIE) HOPMATHBHbIE MOKAa3aTe/ln
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YKOMIUIEKTOBAaHHOCTH BPayaMHU CIeI[HaIMCTaMU [I/Ist
repecMOTpa ¥ BbIOOpa Hawlyyileld Mozienu paboThl
MeIUI[UHCKOM OpraHu3aliiy, B paMKax 00s13aTe/ibCTB
T0 IOCTWKEHUI0 MHWKATUBHBIX TTOKa3aTesield poeKTa
[14, 9, 16] (puc. 3).

«HeobxoaumMo OHUMaTh, UTO YeM OOJIbIIe OTITH-
MH3aI[MOHHBIX TTapaMeTPOB UCC/IeI0BaTeIIMU OyayT

3a/laHO, TeM MeZijIeHHee Oy/ieT MPOU3BOJUTHCS OTl-
TUMU3aLys MoJienu rpotortumna. C Apyroi CTOPOHBI,
ONTUMU3UPYS OJJMH 37IeMeHT MOZe/U MeJAULIMHCKOU
OpraHu3aLiy, peajn3yollei IpoeKT, HEBO3MOKHO
HaWTY MOJTHBINA ONMTUMaJIbHBINA TPOTOTUIT MOZEH, YUU-
ThIBasi MHOTOYPOBHEBOCTb CUCTEMBI ¥ B3aMOCBSI3H
BCEX ee 3/IeMeHTOB...» [13].

Puc. 2. YTO4HeHWe ynpaBneHYecKnx NpoLEeCCoB NPOeKTa MeAMLIMHCKON OpraHn3aLmm B paMKkax BAMAHUA 3aKOHOAATENbHbIX
OrpaHNYeHuit («MepBoe NPUBIINKEHME)

Fig. 2. Clarification of the management processes of the medical organization project within the framework
of the influence of legislative restrictions ("first approximation")

HEALTH POLICY AND PUBLIC HEALTH
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Puc. 3. Haxox/eHne ypoBHel feTannsaumm Ans anemeHTa(oB) NpoeKTa, OrpaHNnYeHHOro HabopoM AaHHbIX, OTHOCALLMXCS
K BbIMOHEHWIO 3a/1a4 NPOeKTa («BTOPOE NMPUGTIUKEHNEY)
Fig. 3. Finding the levels of detail for the project element(s) limited by a set of data related
to the implementation of project tasks (‘second approximation”)

B uTore aBTOpamu cziesiaH BbIBOJI, UTO HaXOXK/eHUe
JIaHHBIX 110 OZTHOMY U3 TJIaBHBIX /IEMEHTOB (TPYyZ0BOM
Harpy3Ku Ha CreLUaJiCcTOB OrepalMoHHOr0 s/pa)
M03BOJIUT COBEPIIIEHCTBOBATh MEJUI[MHCKYIO TIOMOIIIb

OO/IbHBIM C COCYAUCTBIMU 3a00/I€BAHUSIMH, ONITUMH3H-
POBaTh MPOLECCHI 0CBOEHUS (PMHAHCOBLIX ACCUTHOBA-
HUM, HaNPaB/IeHHBIX Ha COQUHAHCUPOBAHKE PACXOHBIX
obs13aTesbCcTB cyobekTa Poccuiickoit ®epeparym [17,
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9]. B jaHHOM C/lyyae MeIULIMHCKasi OpraHu3aLysi Bbl-
CTyTIaeT Kak CTPYKTYPHUPOBaHHAsT KOPIIOPAIUsl POIeBBIX
YUaCTHUKOB, TUIT KOTOPOU 3aBUCHUT OT TOTO, KaKasi YaCTh
13 HUX npeobmagaet [4].

VccnenoBaHue BCex 371eMeHTOB 00beKTa, COCTaB-
JISIFOLI[UX CUCTEMY, TIPeATIo/iaraeT u3yueHre UHUIUUPY-
eMbIX MU TPOL[eCCOB ¥ KOMITJIEKCHOE TIpeZiCTaB/IeH e
OuHamuyeckoll CUCTeMbI B 1jejioM. CucTeMa Xapak-
Tepu3yeTcs MocaeoBaTe/IbHBIMU MeTaMopdo3amu,
TIPOUCXO/IAIMMUA BO BPEMEHH, COTIPSDKEHHBIMH C ee
TpaHchopMaliueli o Mepe CoBepIlIeHUs] UTePaTUBHBIX
riporjeccos [ 18], koTopble JeTepMUHUPOBaHbI (PYHKIM-
OHa/TbHBIMU COCTAaBJISIOLMMU TPOeKTa (371eMeHTbI),
3aKOHOZIaTe/TbHOM 6a30i U Jp.

[TosTOMy HaxoXxeHUe U hopManu3aius 6a30BbIX
(hyHKITMOHATbHBIX 37IEMEHTOB MeJUI[UHCKON OpraHu-
3all1H, yIipaB/ieHueCKUX TPOL[eCCOB, peasru3yeMbIx
B paMKax perMoHa/ibHbLIX TTpoekToB [19], mo3BomuT
HaWTU MOJIHBIM ONTUMAaIbHBINA TIPOTOTUIT MOJIENH,
YUUTBIBasi CJIO)KHOCTb CTPYKTYPhI U B3aMMOCBSsI3el
3JIEMEHTOB /Il COOTHeCeHHs K MaTeMaThueCKUM TTOHSI-
THUSIM, KOTOPBIE TaKXKe SIBJISFOTCS (hyH/IaMeHTaTbHbIMU.
[TpumepoM, U/IFOCTPUPYIOIIUM CO3/laHre KIUHUYe-
CKOTO ¥ OPTaHU3aI[IOHHOTO aJITOPUTMA PeTyTMPOBAHUS
Me/ILMHCKOM IOMOIIIbIO, aHa/IU3 1 OLIeHKY ToKa3aTe-
neii ee 3h(heKTUBHOCTH C TOUKM 3peHuUs1 Habopa HayuHO
000CHOBAHHBIX KO3(DPUIIMEHTOB IMHAEMHUOIOTHYECKO-
r0 MOHUTOPUHTA, Obl/Ia MPaKTHKa pernoHa Poccuiickoit
@epeparuu [20]. TTo pe3ynsratam aBropamu [20] Obi1a
co3/1aHa MO/ieJib KITMHAYECKOTO YTIPaB/IeHHs Ha YPOBHE
CUCTEMBI 3/IpaBOOXPaHeHUs CyObeKTa /IS JIeueHust
nanueHToB TU3HMATPUUeCcKoro npodus, KoTopas
Tipe/icTaB/ieHa alrTOPUTMOM YIIpaB/IeHUs perMoHas b-
HOM MPOTUBOTYOEPKY/1e3HOU MeUI[MHCKOM TTOMOIIH
C UHTerpUpOBAHHBIMU TTPaKTHUKaMU (TIpOLjeCcaMm)
Ha 0CHOBe MCIT0/Tb30BaHKS Pe3y/bTaToB Jl0Ka3aTe bHON
MeJULMHBI.

Takum o6pa3oM, B KOHTEKCTe TeMbl HaCTOSIIeH
CTaThH B MPOLeCCe MIOCTPOeHus], (hopManu3aly paboThI
CHCTEMBI, ee 3JIeMeHTOB, COCTABJISIFOIIME O CTPYKTYpe
TIPOTOTHIIA TIPOEKTA MOCTeNeHHO YTOUHSIOTCS — B COOT-
BETCTBUH C HA/IMUE CTBYIOIIUMH JJAHHBIMUA, CHHXPOHHO
CUCTEMaTU3UPYIOTCS a/ITOPUTMbI, — ZJ1s1 O0osee TOU-
HOTO yZIOB/IETBOPEHUST OTPaHUUEHUSIM, HajlaraeMbIM

HEALTH POLICY AND PUBLIC HEALTH

B TOM UMCJIe 3aKOHOZaTeIbHOM CUCTEMOM B OTpaciu
3/]paBOOXPaHEeHMS.

17151 moCTpoeHus1 Mo/ie/ii IIPOTOTHIIA TPOLIECCOB
yIpaB/ieHus] B MeJUIIMHCKOW OpraHU3al[iy peruoHa
B 1]eJIsiX Toc/eyoliel 1udpoBuU3aLui HeoOXo uMOo
NpoBeieHre (hopMasM3aliiy TiepeMeHHBIX, OTpe/ieieHre
B COOTBETCTBMM C pa3MepoM /Jiuarna3oHa 3HaueHUH,
KOTOpbIe MOXKeT IPUHUMATh 3Ta MepeMeHHast, /ISl 110-
ciezytorei 3¢ (eKTUBHOMN alropuTMH3aLiii MPOLIeCCOB
yTIpaBJieHUs.

XapakTepuCTHKa CBOMCTB MPOL[eCCOB
yIpaB/ieHUs B MeJULIMHCKOI OpraHu3anuu
KaK 00'beKTa HCC/IeJOBAHHUS B LIe/IAX BbISAB/ICHUS
3aKOHOMEPHOCTeH H 00II{HOCTH C aJIrTOPUTMaMH
JJIS1 TOC/Ie/Iy oI el MAaIlTMHHOW peaTu3anun
NMPOTOTHUIIOB

[Tpouiecchl ynpaBiaeHUsi — KOHCOJIUJALMs BCeX
omnepalui, OCylleCcTB/sieMbIX B yIIpaB/ieHUYeCKOH
JesTeTbHOCTH 00beKTa, B OTpe/ie/IeHHOW T0C/iejoBa-
TeIbHOCTH ¥ KOMOMHALIH.

«OrnucaHue POLIeCCOB YIIPaB/IeHUs OrnepalusMu
npe/iCTaBisieT co00ii BhIsIB/IEHHE CBsI3el MKy HUMU
MOCPe/ICTBOM BbISIBIeHUS (DyHKLIMOHATBHO TTOJIHOTO
cocCTaBa 3a/jau B KaXK/10M Mogrporecce...» [21].

ABtOp [21] fleUT OCHOBHBIE (PYHKLIMU OpraHu3a-
L[UM — TIPOL|eCChl, Ha MoArpoLiecchl. I1py 3ToM Kax-
[bIi TIOATPOLIeCC JeKOMITO3UPOBAH B BH/le HEKOTOPOH
COBOKYMHOCTH 3a7au. O6beM BXogHOM UH(OpMaLu
10 3a/jaue MpeoOpa30BaH B BBIXOAHYIO C TIOMOII[BIO
a/JIrOpUTMOB. JIaKOHUYHOCTB [JOCTUTraeTCsl IyTeM B3au-
MOJeMCTBHS MOATPOLIECCOB YIPaB/IeHus OrepaLysiMu
C YY€TOM OTCYTCTBUSI U30BITOUHOCTH 3/IEMEHTOB, KOTO-
pble NeHTUGULIMPYIOTCSl B paMKaX MMPOU3BOJCTBEHHOM
cpefibl.

B Hacrosiliem pasfesie cTaTbU, aBTOPaMH BbI-
OpaH uHo# nogxoz. [IpeAnpyHsTa MOMBITKA OMUCATh
MOC/e/10BaTe/TIbHO-CUHXPOHHbBIM XapaKTep Pa3BUTUS
3TaroB MPOLIeCCOB yIpaBeHUs IPOeKTaMHy B COIIO-
CTaBJ/IeHUU U aHA/TM30M eIMHCTBA (OOIIHOCTH) CBOMCTB,
MIPUCYILIUX aJITOPUTMaM.

Vcxops u3 9T0r0 nAeHTU(dUKaLMs MOIydyaeMbIX
3¢ dekroB paboueii Mozeny IPOTOTHIIA YITPaBIeHYe-
CKOU /lesiTe/TbHOCTH Ha KaXkK/0M W3 3TaroB, UCIO/b-
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3yeMoO¥ /Jis oJiyueHUst paHHe 00paTHOU CBsI3U
10 0)KKJIaeMOMY MPOAYKTY (YC/IyTe) A0 BOTIIOIEHUS
(hakTHUeCKOM ornepaljioHHOM /lesiTe/IbHOCTH IPOeKTa
MO3BOJIUT YBEJIMUMTD Ka4eCTBO 3THX PEeLIeHUH U Cylle-
CTBEHHO ONTUMH3MPOBATh PeCypChl /iJIs1 OpraHu3aliu
TPOLIECCOB YIIPaB/eHUs TIPOEKTOM.

Heo6Xx0oAMMOCTh ONTUMH3ALUA «PAMOUHBIX»
pecypcoB (BpeMeHH, Orof)KeTa, KauecTBa) OrpaHU-
YMBAIOIIMX /TI000H MPOEKT, MOBbILIAeT aKTyaJTbHOCTD
rpo6sieM aJirOpUTMHU3ALIMH TIPOL[€CCOB YITPABIeHUSsI
npoekTamu. Psmom aBTopoB [22] Ob1a 0OHapykeHa
MOI0)KUTE/IbHASI KOpPeJIsLiUs, JeTepMUHUPOBaHHAas
C KOHKPeTHBIMHU IpOL{eCcCaMU, KOTOPble COOTBETCTBO-
Ba/Il 0COOEHHOCTSIM ZesiTe/IbHOCTH MeJULIMHCKUX
OpraHu3alvii B paMKax UCIOJHEeHHUs1 HallMOHaIbHbIX
CTaH/APTOB T10 TTPOMUII0 «OHKO/IOTHsI». [Tpu 3TOM
HCCie[ioBaTed 0TMeYaoT HeoOX0JUMOCTh aJjarTa-
LMY CTaHZAPTOB He TOJbKO K LIMPOKO MPU3HAHHBIM
pa3paboTKam, OCHOBaHHBIM Ha aKTHUeCKUX JIaHHBIX,
HO U K PerMOHA/IbHbIM 0COOeHHOCTSIM U XapaKTepu-
CTUKaM.

OcHOBHasi NpyUYrHa BOCTPeOOBAaHHOCTH aJIro-
PUTMH3aL[MM CBsI3aHA C KauyeCTBEHHbIMU Pa3IMUUsIMU
MpOoeKToB [23], mosToMy crierjudrika MpOeKTHOH fiesi-
TeJIbHOCTH B OTPAC/I 3/paBoOOXpaHeHus (oreparjioHHast
JiesITeIbHOCTh, MacIITa0bl, BU/ (0COOEHHOCTD) YCIyTH
U Jpyruve $akTopsl), onpezesnseT BeKTOp UCC/Ie/J0BaHUs
(Tabm. 1).

JIrobomy anropuTMy CBOMCTBEHHBI T/IaBHbIE Xa-
pakTepucTuKu [23, 24]:

— JIMCKPEeTHOCTb, KOT/la a/TOPUTM peanu3yeTcs
TIOLIIAr0BO U MO3BOJIsIeT 0TOOPa3uTh pellieHre 3aaun
B BU/le HAOopa MakCHMMasIbHO MPOCTHIX, 3apaHee pac-
MUCaHHBIX paboT, 3aBepIlaeMbIX TTOC/Ie BBITOTHEHUSI
NpeABINYIINX;

— J1eTepMUHUPOBAHHOCTb U/IU OMNPe/le/IeHHOCTb,
KOI7a pe3y/ibTaT UCII0/1b30BaHKs a/iIfT0OPUTMaA K KaXK[JOMY
KOHKPEeTHOMY HabOpY MCXOZIHBIX JaHHBIX UCCIIeyeMOro
00BeKTa ueTKo TMpesiorpe/iesieH;

— pe3y/IbTaTUBHOCTh WK 3 eKTUBHOCTD, KOTZA
peanu3aLyis airOpUTMa 0/DKHA MPUBECTH K JO0CTIKe-
HUIO KOHKPETHOTO pe3ysbTata (M/IaHOBOT0);

— KOHEYHOCTb, TO €CTh KOJIMUeCTBO I11aroB pea-
JU3aLK a/ITOPUTMa, 6e3yCIoBHO (KOHEYHO);
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— MacCOBOCTb, KOT/la a/IFOPUTM NIPUMeHsIeTCs
J71s1 pellieHrst KOHKPeTHOro KJacca 3azau (pabor),
KOTOpble OTBeYaloT eAuHOM (0011[eif) TTOCTaHOBKHU
LieJid.

CaoiicTBa mpolieccoB ynpasaeHus [21] (Herpe-
PBIBHOCTb, JUCKPETHOCTb, MOC/e10BaTe/IbHOCTh
3TaNoB, LIUK/JIMYHOCTD, [IJINHA U MPOTSI)KEHHOCTh
BO BPeME€HH, U3MEHUMBOCTh) KOPPENUPYIOT C BbILLEY-
Ka3aHHbIMU CBOMCTBaMH a/JIFOPUTMOB U COI/IACYHOTCS
C HUMH a TIpe/iCTaB/IeHre arTOPUTMOB B Bu/e OI0K-
CXeM JlaeT BO3MOKHOCTb OLIEHUTb XPOHOJIOTUIO
orepaLMOHHbIX MPOLielyp B COOTBETCTBUH C L|eSIMU
Y 3a/lauaMM NPOeKTa, yUUThIBas CrielupuKy zes-
TeJbHOCTHU, YCJIOBUS MPOEKTHOW CpeJbl, peCypcChl
U DUCKHU JJis BbiOopa Haubosee 3¢pdheKTHBHOTO
pemienus [25].

[TocnepoBaTeIbHO-CUHXPOHHBIM XapakTep
pa3BUTHs MPOL[ECCOB YIIpaB/eHUs MPOEeKTaMU U ajl-
ropUTMaMHu I03BOJIIeT aBTOPaMU CUHTe3UpOBaTh
ONTHUMAJIbHYI0 CTPYKTYPY (MPOTOTHUII(BI) TIPOLIECCOB)
C TIOMOLIIBIO 3anUCH O/I0K-CXeM pellieHus 3a/jay, BKITIO-
yast BBIOOD TOC/Iej0BaTeIbHOCTH (PyHKLIMOHHUPOBAHUS
CHUCTeMbI B COIIOCTaB/€HNH C OCHOBHBIMH 3TaraMu
MpOeKTa.

Criocob orvcaHus anrOpUTMOB, B BH7ie O/I0K-CXeM
JlaeT BO3MO)KHOCTb ONTUMU3UPOBATh PaCueThbl pecypco-
€MKOCTH yIpaB/eHYeCKUX MPOLieCCOB MPoeKTa IMyTeM
pa3paboTKu anropuTMa pelieHus U UCC/ie[OBaHue
CBOWCTB MpoLeccoB. Tpuaza: Mozenb — aJropuTM —
rporpaMMa Mo3BOJIMT pear30BaTh U UHTEIPHPOBaTh
LIeTI0UKy B BH/le eJMHOT0 IIPOrpaMMHOI0 KOMIL/IeKCa,
COeANHSIIOIIEro B cebe BO3MOXKHOCTH TPAIUL[MOHHBIX
TeopeTUUeCKUX U 3KCIlepUMeHTabHbIX MeTOZ0B 1C-
C/1eZlOBaHUs], B TOM YHCJIe C UCI0/Ib30BAHUEM METO/I0B
MAIIMHHOTO 00yUeHuUsI.

B Tabn. 1 yka3aHbl HaUMeHOBaHUSI CUMBOJIOB
Y XapaKTepPUCTUKU BbINOJHSEMBIX [|eMCTBUI, UCII0/Tb-
30BaHHBIX 0JIOKOB, [JaHbI TTOSICHEHUSI K HUM.

CX0[CTBO B OIMHCaHWH BUZOB O/10K-CXeM, YI0OHbIX
IS 3pUTeTLHOTO HaOJTFOZIeHNsT M aHa/Ih3a, 00eCTieurBaeT
BO3MOKHOCTb OTHCAaHUs U alrOpUTMHU3aL{MU 3TaroB
TIPOL{ECCOB YTIPAB/IeHNS /ISl PellieHusi IPoOIeMbl OTTH-
MM3aLvK QYHKLMOHUPOBAHUSL YPOBHel nepapXyuieckKux
CUCTEM B OTPac/y 3paBOOXPaHEHUsI.

OPTAHVBALIMA 3APABOOXPAHEHMA M OBLLECTBEHHOE SAOPOBBLE
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Taénuya 1/Table 1

HaxoxxpaeHue pa6oueit Mogenu NpoToTMNa Ha OCHOBE KOPPEensLMUA U aHann3a CBOICTE NPOLLECCOB YNpaB/ieH!s U airopMTMOB B paMKax
peanusauum 3TanoB ynpasB/ieHUA permoHasnibHbIM NPOEKTOM MeAULIMHCKON opraHusaumm /
Finding a working prototype model based on correlation and analysis of the properties of management processes and algorithms within the
framework of the implementation of the management stages of a regional medical organization project

dTanbl YnpaBneHyeckue Pa6ouas
npoveccos npoveccbl, C TOYKU OCHOBHBIE 3TanbI Mopenb
ynpaeneHus M306paxkeHne cumsona/ 3peHns OTHeCeHus nportoTuna
o HaumeHoBaHue NoCTpoeHus
° npoekTom/ onucaHue U3o6paXkeHns Knaccudmkauum - . npoekTta/
cumBonos/ . mopenei/ Main .
n/n Stages of cumeona/ Symbol image/ mopenu/ Management oo Working
- Name of - P stages of building
Project symbol image description processes, from model of
symbols N . models .
Management the point of view of the project
Processes classifying the model prototype
1 2 3 4 5 6
! ] MpnénnxeHHoe
BoIunc/mTeBHOE JefCTBIe |'|0A06V|e Con.ep)KaTen bHOE
WM X Mofaenu o6bekTa onucaHue
Mpouecc/ AHOCHEAOB“E”“{O;T”;U (cToxacTuueckas Mopaenvpyemoro
1 | Llenenonaranue/ pou pumeTiyeckuii 610 M AMHaMuyecKan)/ o6beKTa/
. Process Computational operation or . o
Goal setting their sequence. Arithmetic Approximate similarity Content
block of the object model description of the
(stochastic and modeled object
¥ dynamic)
TIposepka Mogenb o6beKTa
Onpepaenexune MpuHaTne %EHEZZ‘K fIBNSieTCA aHaNoroBow dopmanusauus
- )y - ~
9 cutyauum/ peLueHui/ i 710K/ (HenpepbiBHOI) onepaumit/
Definition- Making Condition u peanbHoil/ The Formalization of
situations decisions ch‘geicc';l object model is analog operations
Block (continuous) and real
Ha/Yes Her /No
MpoBepka
— Harnngusie wopenn | 0 LT
LMK/, art and en . .
3 Identifying the Monuq:.vmaguﬂ/ of the cycle o6bekTa/ Visual object Checking the
Modification models
problem adequacy of the
model
Mpeponpe- Berunicrienvst o
- MnoTeTnyeckoe
YnpaBneHyeckoe AeNeHHbIN TIO/TIpOrpamMme/ MOEUpOBaHHe KoppekTupoBka
Calculations by i
4 peluenme/ npou,e.cc/ subroutine o6bekTa/ Hypothetical Mongnu/
Management Predefined N . Model adjustment
decision Process modeling of the object
| 2
Tunbi
npoveccoB Booa AarHix Wi BLiso2 Martematuuyeckoe onTumusaums
nepep‘aqa AAHHBIX  ledaTs
5 ynpaeneHus/ RaHHbIX/ P! Inputing MopenuposaHue mopenu/
Types of e o o6bekTa/ Mathematical Model
Data transfer printing . . s
management modeling of the object optimization
processes ¥
Hauarno, KoHerj,
npepbl BaH"e/ ycK, OCTaHOBKa/
Beginning, ending,
Interrupt start, stop
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OkoHyYaHue Tabn. 1/ End to tabl. 1

dranbl YnpaBneHuyeckue Pa6ouas
n B n bl, C TOYKH mogenb
pouiecco poueccel, ¢ To OCHOBHbIe 3Tanbl oAe
ynpaeneHust WU3o6paxkeHne cumeona/ 3peHUst OTHeCeHus nporoTuna
o HanmeHoBaHue nocTpoeHus
N° npoekTom/ onucaHue n3o6pa)keHus Knaccudmkauum o . npoekTa/
cumeonos/ R mopgenei/ Main .
n/n Stages of cumeona/ Symbol image/ mogenu/ Management - Working
. Name of . .S stages of building
Project symbol image description processes, from model of
symbols - . models .
Management the point of view of the project
Processes classifying the model prototype
1 2 3 4 5 6
Hauarno, KoHerj,
Coe AVHUTENDb / TyCK, OCTaHOBKa/
Beginning, ending,
Connector start, stop
|
BbuncMTeibHOe JecTBHE
WK UX
Toc/iej0BaTe/IbHOCTb.
Apudmernueckuii 6110k/
Computational operation or
their sequence. Arithmetic
block
B
L 2
MocTpoeHue
KOHLienTyanbHoM
mogenu
Tlpoepka
yenosit. CUCTEeMbI U ee
flomeet dbopmanuzauus/
Conditi H
png Construction
Logical of a conceptual
CucTtembl (NnpobnemHas Block
model of the
o6nactb)/ Systems (problem R
system and its
area)06beKT MoaenupoBaHus/ BarYes Her /No PR
- - : KoM6uHupoBaHHOE formalization;
Simulation objectLieneBoe
o MogenupoBaHue: Anroputmusauus
Ha3HauyeHue mopgeneii/ Purpose of
" MeToAbl MalWMHHOTO | MOAENU CUCTEMDI
modelsTpe6oBaHus K Mmogensim/ auano u Kotey
- kna/ Start and end o6yyeHus + 1 ee MalLMHHasA
Model requirements®opmbi of the cycle
. MmMmuTtaumoHHoe peanusauus/
6 npeacTtasneHus mogenen/ . L
. MogenupoBaHue Algorithmization
Model representation formsBug .
. 3 o6bekTa/ Combined of the system
onucaHua mogenei/ Model . .
. modeling: Machine model and
description typeXapakTep Butuncnenma o - . f
eanusaum mogeneii/ The noamporpavve: learning methods + its machine
p . . Galculations by subroutine Object simulation implementation;
nature of the implementation of
MonyyeHue
modelsMeTop uccnegoBanusa/ 1 MHTEpNpeTauns
Research method § pnp
pesynbraToB
BB/ JaHHBIX W/IH BBIBO/JL MernMPOBaHMH
i — cuctembl/
/ Inputting ..
dta o outputing data and Obtaining and
nrinting the results interpreting
system simulation
results
Hauarno, Kowet, yck,
ocraHoBka/ Beginning,
ending, start, stop
Pa3spbiB IMHMM [OTOKA
unpopMarmw/
Break in the flow of
information
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Tak Kak MOoHsTHe CBs3b SIBSETCS HEeOTAeJIUMOM
COCTaB/ISAION[eN YaCThbiO TF000M cucTeMbl U 0bectie-
yMBaeT BO3HUKHOBEHHe, COXpaHeHUe 11e/10CTHBIX
CBOWCTB, TO €r0 OJJHOBPEMEHHO XapaKTepusyeT
U cTpoeHMe (cTtatuueckas ¢opma), U QyHKLHOHU-
poBaHue (AMHamMHuecKasi ¢opMa) cCuCTeMbl. A Tak
KaK C U3MeHeHHeM CTPYKTYPbl MeHsleTCsl CUCTeMa
LieneBbIX QYHKLMI ¥ BHYTPEHHUX CBSI3€M, TO Me-
HsIeTCsl TIOBeJleHHe 3/1eMeHTOB CHUCTeMbl, T03TOMY
BH3yasiM3alus aJrOPUTMOB C UCIIOJIb30BaHUEM
O10K-CXeM sIB/IsIeTCs HaTIsiJHBIM CII0COO0M JaHHBIX
M3MeHeHH U He CBsi3aHa C s3bIKOM MPOrPaMMHPOBa-
HUS [/ BO3MOXXHOCTH TOC/Ieytoleil MHTerpauuu
B MH(POPMAI[MOHHYIO CUCTeMY, I[U(POBH3aIINH.

[TporoTur ¢ Touky 3peHust TpebOBaHUH, Tpe/b-
SIB/ISIEMbIX K MO/ TPOL[eCCOB (DYHKLIMOHUPOBaHUS
CHCTeMbI [TPOeKTa Ha 3Tare WHUL{Ma/Iu3aluy POoeKTa.

[TonnMaHue (yHKLIMOHATLHOTO HAITO/THEHUsI Tiep-
BOT'0 3Tana (CTajuu MHULManM3alum) npoekra ¢popmMa-
JIU3yeT TIPOLIECCHI C TIOMOIL[BI0 OCHOBHBIX TpebOBaHMUH,
npe/bsIB/IsieMbIX K MOZieJIU TpoLjecca (GyHKLIMOHUPOBa-
Husi cucteMbl. [Ipu 3ToM HEOOXOJUMO TIOHUMaTh, UTO
OlleHKa /IMHAMUKU CHUCTEMBI, B TOM UHMC/Ie Ha JJAHHOM
yTarie, OyzeT 3aBUCETh OT MPO/O/DKUTETBHOCTH LIUK-

Jla, pe3epBOB, 3a/lep>KeK, 0UepeIHOCTH, «Y3KUX» MeCT
(hyHKLIMOHAMBHOCTH, TIeTesIb 00pPaTHOM CBSI3U.

Tak Kak pa3paboTka 3ajau U 1jejiell IpoeKTa, To-
TpebyeT onpe/esieHUs: pe3yJibTaTa, BHITOA; 3/IEMEeHTOB
OpraHM3alMOHHOU CTPYKTYpPhI rpoekTa (sapo . MuHLI-
Gepra) [7, 8]; OTBeTCTBEHHBIX JIUL] ITPOEKTA (KOMaH/[bI),
TO KpUTEepHeM MpeBapUTeIbHOM OLIeHKH, MOYKET CTaTh
WTOTOBLIM IOKYMEHT — yCTaB MMPOEKTa C OMHUCAaHUEM
OCHOBAHWH, 1ie/Ield, OrpaHUUeHUH, OFPKeTa, PUCKOB,
T7IaHa peaiv3alyu U Jp.

[Ipu 3ToM (popmanur3zanus yripaBaeHUeCKUX
TIPOLIeCCOB MPOEKTa /ISl X MOC/AeAYIOLel anroOpuT-
MU3aLMU JO/DKHA OCYIIeCTBAATHCS C COO/MIOfeHeM
TpeboBaHUM, TIPEBSABISIEMBIX K MOJIe/TH TIpoIiecca
(YHKLIMOHUPOBaHUS CUCTeMbI TIPOeKTa /IJisi CO3/aHust
ero niporotumna [10, 26, 27]. K ocHOBHBIM Tpebo-
BaHUSIM MOXXHO oTHecTH [10]: moaHOTY, THOKOCTB,
CTPYKTYPY (6/104HOCTB) MOJe/H, a TAKXKe JTUTe/b-
HOCTb pa3paboTku, nHPopMaloHHOe obecrieve-
HUEe Y BO3MO)XHOCTb MPOBeJieHUsI SKCIIepUMeHTa.
ABTOpamu TNpoBeJieHa MOTbITKAa COMOCTaBIeHUs
TpeboBaHU U (OpPMaNBHBIX CTPYKTYP TpoLiecca
MoO/le/id TIpOeKTa AJis ornpejeseHus: TIPOTOTUTIOB
npoijecca (tabm. 2).

Tabnuya 2 / Table 2

Haxo)xaeHue NpoTOTMMNOB ynpaBneHYeCKUX NPOLLECCOB MYTEM COMOCTaB/IeHUs1 TPe60BaHUit, NpeabABNAeMbIX K MOAeny NpoL.eccoB
(YHKLMOHUPOBAHUS CUCTEMbI NPOEKTa U 3/IeMEHTOB OpraHU3aLUOHHON CTPYKTYpbl NpoeKTa /
Finding prototypes of management processes by comparing the requirements for the model of the processes of functioning of the project
system and elements of the organizational structure of the project

OyHKLMOHanbHOE Tpe6oBaHus, NpeAbsABAsieMble K MOAE/U NpoLeccoB (hyHKLIMOHUPOBaHUS CUCTEMbI NPOEKTa ANs
HanonHeHne cospaHus ero npototuna/ Requirements for the process model of the functioning of the project
$OpPManu30BaHHbIX system for creating its prototype [10]
npoueccos CTpyKTypa Akcnepu- MpoTotun/
Mopenu npoekTa/ M6kocTb Anutens- mopenu Wngopma- MeHT P':oto o
Functional content MonHota HOCTb LioHHOe typ
mogenu/ (6nouHoCTDb)/ ¢ mogenbio/
of formalized mozenu/ Model Model paspa6oTku/ Model obecneyeHune/ Experiment
leteness ode Development ode Information Xperimen
processes of the | COMPl€ flexibility P structure (block with the
project model duration structure) Support model
Mepebiit aTan npoekTa. MHuumaums/The first stage of the project. Initiation
Pa3pa6oTka Lieneit NpoeKTa, ¢ noMolubto onpeaeneHus:/ Developing project goals by defining:
3neMeHTbI OpraHU3aLMOHHON CTPYKTYpPbI NpoekTa:/ elements of the project organizational structure:
CopepixaTenbHoe
onepaluoHHoe oLeHKa oLieHKa oLeHKa oLieHKa oLieHKa oLieHKa onucaHue
AIAPO OpraHn3auumn/ npoueccos/ npoweccos/ npoweccos/ npoueccos/ npoueccos/ | mpoueccos/ mopenvpyemoro
operating core of the process process process process process process o6bekTa/ Content
organization assessment assessment | assessment assessment assessment | assessment | description of the
modeled object
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OkoHyYaHue Tabn. 2 / End to tabl. 2

OyHKUMOHanNbHOE Tpe6oBaHus, NpeabsBAsieMble K MOAENU NpoLeccoB (hyHKLIMOHNPOBaHUS CUCTEMbI NPOEKTa ANs
HanonHeHue co3paaHus ero npototuna/ Requirements for the process model of the functioning of the project
(pOpPManM30BaHHbIX system for creating its prototype [10]
npoueccos CT -
mopenu npoekra/ MbkocTb Anurens- M';yi;ylf ? Wndopma- 3|$::$ ’ PporoTun/
; MonHoTa HOCTb A LiMOHHOE Prototype
Functional content moaenu/ (6nouHocTb)/ ¢ Mogenbio/
of formalized mopenu/ Model Model pa3paboTku/ Model o6ecneqe!me/ Experiment
processes of the completeness flexibility Develogment structure (block Information with the
project model duration structure) Support model
CopepixaTenbHoe
cTpaTermueckan oLieHKa OLieHKa oLieHKa OLieHKa oLieHKa OLieHKa onucaHue
BeplunHal strategic npoueccos/ npoueccos/ npoueccos/ npoueccos/ npoueccos/ npoueccos/ mopenMpyemoro
pinnacle process process process process process process obbekTa/ Content
assessment assessment | assessment assessment assessment | assessment | description of the
modeled object
CopepixaTenbHoe
oLeHKa oLeHKa oLeHKa oLeHKa oueHKa oLeHKa onucaHue
cpepHaAs NuHus/ npoueccos/ npoueccos/ npoueccos/ npoueccos/ npoueccos/ | npoueccos/ MofenupyeMoro
middle line process process process process process process obbekTa/ Content
assessment assessment | assessment assessment assessment | assessment | description of the
modeled object
CopepxatenbHoe
oLeHKa oLeHKa oLeHKa oLeHKa oLeHKa oLeHKa onucaHue
TeXHOCTPYKTypa/ npoueccos/ npoueccos/ npoueccos/ npoueccos/ npoueccoe/ | npoueccos/ Mopenupyemoro
technostructure process process process process process process o6bekTa/ Content
assessment assessment | assessment assessment assessment | assessment | description of the
modeled object
CopepixaTenbHoe
BCOMOFaTENLHbIIA oLieHKa OLieHKa oLieHKa OLieHKa oLieHKa OLieHKa onucaHue
nepcoan/ support npoueccos/ npoueccos/ npoueccos/ npoueccos/ npoueccos/ npouveccos/ mopenMpyemoro
staff process process process process process process obbekTa/ Content
assessment assessment | assessment assessment assessment | assessment | description of the
modeled object
CopepixaTenbHoe
oLeHKa oLeHKa oLeHKa oLeHKa oLeHKa oLeHKa onucaHue
uaeonorus/ideology npoueccos/ npoueccos/ npoueccos/ npoueccos/ npoueccoe/ | npoueccos/ MofenupyeMoro
process process process process process process obbekTa/ Content
assessment assessment | assessment assessment assessment | assessment | description of the
modeled object
Kputepum ouieHku/ . . o
Criteria for BbISIB/IEHUA! CKPbITbIX B3aUMOAEHCTBMIA, TECTUPOBAHMS 3aBUCUMOCTE, BbIsIBNIeHNS cnabbix CTOPOH, npeAynpexcaexue
evaluation cnyvaitHocTei4/ identifying hidden interactions, testing dependencies, identifying weaknesses, preventing accidents

Coroctasnsist TpeboBanus [ 10] v mpeoskeHHYO
T'enpu MuHLOeprom [ 7] Tumosoruto, Kotopast 6a3upy-
eTCsl Ha Bbl/leJIeHHUH 11eCTU OCHOBHBIX CTPYKTYPHBIX
3/IeMEHTOB OpraHu3alK: ONepaLMoOHHOrO si/ipa Opra-
HU3aLUY; CTpaTeruyeCKoy BepIlVHbl; Cpe/iHel JTUHUY;
TeXHOCTPYKTYPbI; BCIIOMOTraTe/bHOrO NepCcoHana;
WJ1e0/I0TUM MOXKHO BbISIBUTH 3aKOHOMEPHOCTH pas-
BUTHS YTIpaB/ieHYeCKUX MPOLIeCCOB MPOeKTa U BU3ya-
JIU3UPOBATh B/IMsIHUE HAa (POPMUPOBaHMe IPOTOTHIIOB
niporjeccoB (Puc. 4).
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Pe3ynbTaThl, TO/IyueHHbIe TyTeM COOTHeCeHUs!
TpeOGoBaHMI, MPebsABISIEMBIX K MOZAEIH U 3/IeMeHTaM
OpraHu3alMOHHOM CTPYKTYPHI MPOEKTa, SBJSIOTCS
TpeJMeTOM OT/Ie/TbHOM JIMCKYCCUU CJie/IyIOITIel CTaThU.
ABTOpaMu IJIaHUPYETCS TIPOZO/DKUTD MyO/TUKALIAIO
cTaTeld, TIOCBSILIIEHHBIX HAXOKEHHUIO COZlep KaTeTbHBIX
MoZiesieil CUCTeMbI TIPOEKTOB BO BpeMeHHU U MPOCTPaH-
cTBe (pabourx MPOTOTHUITOB TIPOEKTA), pean3yeMbiX
B MeJUL[MHCKHUX OpPTraHu3al[isX perdoHa B OTpacau
3/]paBOOXPaHeHUsl.
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Puc. 4. KOHLLeI'ITyaJ'IbHOG HanoJIHeHME NpoLeccamMm NpoeKTa B MeANLIMHCKON OpraHn3aumnn, ¢ YHETOM CBOWCTB CUCTEMHOCTMH,
OJIEMEHTOB ynpaBnqueCKoM OEATENbHOCTU B €AUHCTBE LIeNen 1x beHKLI,l/IOHMDOBaHMﬂ (I'IETJ'IVI O6paTHOl7I CBH3V|)
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Fig.4. Conceptual filling with project processes in a medical organization, taking into account the properties of systematicity,
elements of management activities in the unity of the goals of their functioning (feedback loops)
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BbiBOAbI

PaccmaTpuBas ynpaBieHUeCKUe MPOLeCChl
MeJIMLIMHCKOW OpraHu3aljyiy, peaausyollei permo-
Ha/ibHbIe TIPOEKTHI Uuepe3 NpoLiecChl MO e/IMPOBaHuS,
B3aUMO/IeMCTBUSI aKTUBHBIX 3/IEMEHTOB U MeXaHH3MOB
MX B3aUMOCBSI3ed M 3aBUCUMOCTEe — aJIrTOPUTMOB,
HeoOX0/IIMO OTKa3aTbCs OT /|eTepMUHHUPOBAHHOMN U Me-
XaHMCTUYECKOM MOJIe/ M, OCHOBAHHOM Ha JTMHEMHBIX
NIPUYUHHO-CJ1e/ICTBEHHBIX CBS3SIX.

YnpasneHre B3aM03aBUCHMOCTSIMUA MeXXAY Tepe-
MeHHBIMHU (BXOZI/BbIXOZ) MeJULIMHCKON OpraHu3aLiiy,
(6e3)yueTa LIMK/IOB 0OpPATHOM CBSI3H, CTPYKTYPHBIX Tpe-
OOBaHMI ¥ OrpaHUUEHUH TIPOEKTa MOTPeOyIOT TeKyiek
OLIeHKU JJMHAMWYeCKY U3MEHSIOLLeNCsl MOZie/Iu Mefin-
LIMHCKOW OpraHu3aliiy B OTPac/y 37jpaBOOXpaHeHusl.

Onucanue popMaabHOTO U (U/1) aIrOpUTMHUYECKO-
IO MOBeIeHHsI 37IeMeHTOB 00beKTa CHCTeMBI B MPoLiecce
ee (yHKI[MOHUPOBAHMS, TO €CTh B UX B3aUMO/eMCTBUU
IpyT C IpyTOM Y BHeLLIHel/BHYTpeHHel cpeZioli M03B0-
nsiet 6o7ee ueTKo ChOPMY/IMPOBATH KPUTEPHT OLIEHKH
KauecTBa (DyHKLIMOHUPOBaHMsI CUCTeMbI U (popMan3o-
BaTh LieJy, MyTeM aJrOpUTMHU3aL[MK MPOLIECCOB.

LleHHOCTH paboYKX MMPOTOTHUIIOB TIPOEKTHBIX TIPO-
L[eCCOB YTIPaB/IEHUECKOM [1eSITe/TbHOCTH MeIULMHCKUX
OpraHu3aLuii cyobeKkTa KpoeTcsi B UX IPOrHO3HUPYEMbIX
MperMYyILieCTBaX, CO3/at0LLMX YC/IOBUS /7151 JOCTKEHUS
CTpaTeruueckMx 3aziay, oCTaB/AeHHbIX Tiepe; oTpac-
JIBIO 3[JpPAaBOOXPaHeHMsl. A UCMO/b3ysl UTePaTUBHBIN
TIO/IX0[], TEOPHIO CUCTEMHOM JUHAMUKU U KOHLIETILIHIO
CcamMoOpraHu3ali CUCTeM, MOKHO C(hOpPMUPOBATh
KOMII/IEKCHYHO CCTEMHYH0 MeTOZ0JIOTHIO.

[TorCK MHCTPYMEHTOB /1J151 YTIpaB/IeHuUs POeKTa-
MU B OTPAC/M 3/ipaBOOXPaHeHUs], OJHUM U3 KOTOPbIX
SIB/SIeTCS] IPOTOTUNMPOBAHKE TIPOLIeCCOB MPOEKTa,
MOXXeT cTaTh 3¢ (eKTUBHBIM METOZ0M yIlpaB/eHHs
C MCII0J/Ib30BaHUEM CTPATeruy CMSIrYeHUs] PUCKOB
Y MPO(UIAKTUKY HeraTUBHbBIX CLieHapHUeB.

[To aHanoruw ¢ rporieccamul o0ecrieueHust peau-
3alli IPOeKTOB PerMoHabHOIO pa3BUTHUS, TIPU TIOUCKe
MeXaHU3MOB MPOTOTUIIMPOBAHUS yIIpaB/ieHUYe CKUX
TpoLieCcCcoB He0OXOAUMO OTpe/ie/TUTh KOIMUeCTBO,
T0C/IeJ0BaTebHOCTh U XapaKTep OrepaLyii, COCTaB/Is-
FOLL[UX 3TOT MPOLIeCC; pa3paboTarh (afAanTHpOBaTh) /st
KaKJI0M oreparnjiii COOTBETCTBYIOLL{Ie MHCTPYMEHTHI,
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MeTOJMKH, TeXHUUeCKHe CPe/iCTBa; OIpe/ieITh OITH-
MaJibHbIe yC/I0BUsI IPOTEKaHUs MpoLiecca peanr3aluu
3a/la4 BO BpeMeHH U MTPOCTPaHCTBe.

115 onTUMUA3aLMK yIipaB/ieHUs IPOEKTHOU Jiesi-
TeJIbHOCTU Ba)kKHa TeXHOJI0TU3allysl IpoLjecca rpoTo-
TUTNIMPOBAHUS, UTO TIOTPeOyeT AaTbHeMIIINX HayUHBIX
YCC/IeIOBaHUM MPOL[eCCOB yIIpaB/aeHus IpoeKTaMU
pervoHasbHOTO Pa3BUTHSL.

Pa3paboTKa eJUHBIX MMOAXO0B K TOyUYeHUIO
Moziesieli TIPOTOTUTIOB [i/isi 00 BEKTOB UCC/IeI0BaHHUS
(AmHaMuUecKux) U hopMaM3aliysl JaHHbIX TI0/IX0J0B
SIBJISTFOTCST OCHOBHOM 3aiaueit /71 aBTOPOB HACTosIIe-
r0 UCC/Ie[J0BaHusl, KOTOPbIe MIaHUPYIOT MPOZO/IKUTD
HayuHble UCC/Ie[IOBaHUs B JAHHOW 00/1aCTu.

B nepcriekTyBe 3TO OTKPbIBaeT BO3MOXXHOCTHU
VICTIO/Ib30BaHMSI MaTeMaTHyeCKUX MOZesiel, o3Boisi-
IOIMX UMHUTUPOBATh (DYHKIIMOHATLHOCTE 0OBbEKTOB
MPOEKTUPOBAHMUSI, a 3HAUHT, MOBBICUT TOYHOCTb IO~
Jydaemol uHpopMaly, OpraHu3yeT MOMCK ONTH-
Ma/IbHbIX MPOEKTHBIX pellleHri U TTO3BOJIUT AOCTUYb
YHUBEPCA/IbHOCTH OTMHCaHUs OT/ebHbIX TPOEKTHbIX
orieparyii 1 Tporeayp.

E1le ofHUM Ba)KHBIM NPEUMYI1{eCTBOM TE€XHO-
JIOTHHY aTOPUTMUAYECKOTO MPOTOTUITMPOBAHUS SIBJISI-
eTCsl BO3MOKHOCTh TIPOTHO3UPYeMOTro obecrieueHust
u obcnyxvuBaHus. HaxoxkzeHue pabodero rnpoToTura,
OCHOBaHHOTO Ha KPUTePUH M0A00Hs mapaMeTpoB MO-
Jlefv TIPOTOTUIA U TIPOeKTa (OTHOLIEHHWe MoKa3aTeJis
3aTpaT K HOCUTEJI0 3aTpaT) NMPUBOAUT K JTUHEHHOU
3aBUCUMOCTH, a BUPTyasbHble MOJIe/IU OCYLLeCTBJISI-
I0T CUCTeMaTHhyecKoe JUCTaHLMOHHOe yTpaB/ieHre
CBOMMU «HATUBHBIMU» TIPOTOTUTIAMU, KOHCOTUIUPYS
pa3HooOpa3sHble laHHBIe O ero U3MEeHSFOILeMCsT (haKTH-
YyeCKOM COCTOSTHUM. AHan3 cobpaHHOU HH(OopMaLu
TI03BOJIsIeT IPOrHO3UPOBAaTh BO3MOXKHbBIE [1e(PeKThI /17151
roc/ieayroleil KoppeKiuu.

Pabounie npoTOTUITLI, HalileHHbIE TIyTeM aJiro-
PUTMH3ALIMH yTIPaB/IeHYeCKUX MPOLeCCOB U 0OBHEKTOB
TIPOEKTOB, TIPe/ICTAB/ISIOT COO0I MOLHBIN MeXaHU3M
JUTsl aHa/IM3a U TTyOMHBI TIOHUMAaHUS TPOLIeCCOB, UX
yTipaB/ieHUs ¥ onTuMH3aLti. OHY TIO3BOJISIIOT TOUHO
OTTUCHIBATH TOBe/IeHNe 0OBEKTOB U MPOLIECCOB 3a CYeT
TpOpabOTKU pacIMpeHHON CTaTUCTUKU «BUPTYaIbHOM»
9KCIITyaTalii 00beKTOB, yayYlliaTh KOHCTPYKTUBHEIE
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0cobeHHOCTH 00BEKTOB, YIIPaB/IsTh U3MEeHeHUSIMHU
Y TIPOBOAUTDL OBICTPYIO ONTHMM3AL[MI0 B OTPAC/H
3/lpaBOOXpaHeHUsl.
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Hoficin and remaxol effects on metabolic intoxication
and lipid peroxidation in patients with chronic non-calculous
cholecystitis on the background of diffuse liver diseases
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Abstract. Relevance. The effect of the combined use of hoficin and remaxol on the indicators of metabolic intoxication
and lipid peroxidation was studied in patients with chronic non-calculous cholecystitis on the background of diffuse liver
diseases. Materials and Methods. The effect of the combined use of hoficin and remaxol was studied in 63 patients diagnosed
with chronic non-calculous cholecystitison the background of acute chronic diffuse liver disease (CDLD), aged 20 to 53 years.
Patients, by random distribution by age, gender, and severity of the clinical course of chronic non-calculous cholecystitis against
the background of chronic diffuse liver damage, were divided into two equivalent groups—the analyzed group, according to
which the combined use of hoficin and remaxol and the control group using conventional treatment, after which the results were
compared. In patients in the analyzed group, the level of middle molecules (MM) and the concentration of lipid peroxidation
(POL) products, final malonic dialdehyde (MDA) and intermediate diene conjugates (DC) in the blood serum were studied. The
screening method of V.V. Nikolaichyk was used in the modification of Gabrilovich. To study the level of medium molecules,
blood serum was obtained by centrifugation at 4000g for 15 minutes. The method is based on plasma purification from high-
molecular peptides and proteins using trichloroacetic acid, a 10% solution, and then the level of medium-molecular peptides
in terms of absorption in a monochromatic light stream was determined using direct spectrophotometry (at a wavelength of
254 nm) of the liquid. Results and Discussion. The content of MDA in blood plasma was estimated by M. Ushiama et al. in
reaction with thiobarbituric acid. The studies were carried out in dynamics—before and after treatment. In patients with chronic
non-calculous cholecystitis, an increase in serum MM levels and an increase in the concentration of POL products is observed.
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The use of the herbal preparation hoficin in combination with remaxol contributes to the normalization of clinical and laboratory
signs of the disease, normalization of POL products. Under the influence of hoficin in combination with remaxol, the metabolic
intoxication syndrome is eliminated, which is manifested by a significant decrease in the level of medium-weight molecules
to the upper limit of the norm, that is, this indicator is completely normalized, and the positive effect of treatment is observed
in the first group of patients, unlike patients of the second group, in addition, the relative metabolic constancy of the internal
environment of the body is restored. Conclusion. Patients with chronic non-calculous cholecystitis against the background of
diffuse liver diseases exhibit endogenous metabolic intoxication syndrome. Increased concentration of LPO products-MDA
and DC indicates activation of biomembrane lipid peroxidation. Including the herbal preparation Hoffitsin in combination
with Remaxol in the general treatment course of these patients contributes to normalization of clinical and laboratory disease
indicators, medium molecule levels decrease to normal, and LPO products-MDA and DC normalize. Under the influence of
Hoffitsin in combination with Remaxol, metabolic intoxication syndrome is eliminated and relative metabolic constancy of the
body’s internal environment is restored.

Keywords: Chronic non-calculous cholecystitis, chronic diffuse liver diseases, medium molecules, lipid peroxidation,
hoficin, remaxol
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Introduction

It has been demonstrated that combined pathology
of the hepatobiliary system occur quite frequently
and are accompanied by serious metabolic disorders
of varying severity [1, 2]. These manifest through
the accumulation of intermediate and final metabolic
products in biological fluids [3-5].

Medium-mass molecules are among the metabolites
with toxic effects, causing various pathological
changes [6, 7]. Medium-molecular peptides negatively
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affect all systems and organs, adversely impacting their
functions and metabolism [8].

Furthermore, in chronic non-calculous
cholecystitis (CNC) against the background of chronic
diffuse liver diseases (CDLD), lipid peroxidation (LPO)
activation processes occur, indicating metabolic
homeostasis disruption [9-12].

Among medications used for various liver
pathologies, those with hepatotropic effects can be
distinguished, where this action is primary [13, 14].
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These drugs increase resistance and immunity of
hepatocytes to damaging effects of various agents,
restore liver cell functions, and regulate their
regeneration [15-17]. The main pathogenetic link in
various liver injuries is the development of hypoxia,
which occurs due to oxidative phosphorylation
disruption and adenosine triphosphate deficiency,
leading to the formation of large quantities of free
radicals. Both tissue and circulatory hypoxia occur in
liver injuries [18-21].

Remaxola drug combining properties of
a balanced polyionic solution containing succinic
acid, methionine, inosine, and nicotinamide, acting as
both an antihypoxant and hepatotropic agent [22—-24].
This drug improves hepatocyte mitochondrial function
through succinic acid, which provides antihypoxic
effects [25-27].

Nicotinamide activates NAD-dependent enzyme
systems. This leads to both activation of synthetic
processes in hepatocytes and maintenance of their
energy supply [28-30].

Methionine is converted to S-adenosylmethionine
under the influence of methionine adenosyltransferase,
subsequently actively participating in the synthesis of
choline, lecithin, and other phospholipids [31-34].

Inosine achieves increased purine nucleotide
content, necessary not only for adenosine
triphosphate (ATP) and guanosine triphosphate (GTP)
resynthesis but also for cyclic adenosine
monophosphate (cAMP) and cyclic guanosine
monophosphate (cGMP), as well as nucleic acids.
The infusion solution provides detoxifying effects,
important in various liver pathologies accompanied by
endotoxemia development. Due to its impact on key
pathogenic mechanisms of liver damage, Remaxol can
be considered a drug with universal hepatotropic action
for treating various liver diseases. The tolerability,
clinical efficacy, and safety of this drug have been
evaluated in numerous experimental and clinical
studies [35-37].

The use of Remaxol, possessing hepatoprotective,
antihypoxic, and indirect antioxidant effects,
significantly reduces clinical manifestations and severity
of cytolytic and cholestatic syndromes in patients with

THERAPEUTIC DISEASES

liver pathology, metabolic disorders, and drug-induced
hepatotoxicity [38—41].

In our comprehensive treatment of patients with
CNC against CDLD background, we used the herbal
preparation Hoffitsin® Evalar in combination with
Remaxol. The use of herbal preparations has significant
advantages over synthetic medications. These include
high efficiency, low toxicity, gentle action, and
accessibility to a wide population [42—44].

Hoffitsin® Evalar (Hofficin Evalar) is an artichoke
leaf extract preparation manufactured by EVALAR,
JSC, Russia. It is a phytopreparation with choleretic,
hepatoprotective, and diuretic effects.

Artichoke leaf dry extract is obtained from fresh
artichoke leaves-Cynara scolymus L., Asteraceae family;
the ratio of used raw material to obtained extract is
15-35:1, with purified water as the extractant.

Pharmacological action-herbal remedy, provides
choleretic and hepatoprotective effects. It increases
the excretion of urea, toxins and heavy metal salts. It
helps reduce blood cholesterol levels. Normalization
of metabolic processes.

Hoffitsin® Evalar-used as an adjunctive treatment
for cholecystitis, chronic hepatitis.

Remaxol is a metabolic drug with hepatoprotective
action. POLYSAN NTFF (Russia).

A medication for treating liver and biliary tract
diseases, lipotropic agent.

By pharmacological action, it is a balanced infusion
solution with hepatoprotective effects.

Remaxol reduces cytolysis, manifesting in
decreased levels of indicator enzymes ALT and AST.

Remaxol helps reduce bilirubin content and its
fractions. It reduces activity Alkaline phosphatase (ALP)
and Gamma-glutamyltransferase (GGT).

Based on preclinical safety data, Remaxol infusion
solution is a practically non-toxic drug, belonging to
class 5 of practically non-toxic medicinal substances.

Pharmacokinetics-with intravenous drip
administration, the natural components are quickly
distributed in body tissues, being utilized almost
instantly.

Metabolic products are excreted in urine and do
not accumulate in the body.
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Study objective: to investigate the effects of
Hoffitsin in combination with Remaxol on metabolic
intoxication indicators and LPO in patients with CNC
combined with CDLD.

Materials and methods

The combined effect of Hoffitsin and Remaxol
was studied in 63 patients diagnosed with CNC against
CDLD background, in the acute phase, aged 20 to
53 years. All patients provided voluntary informed
consent to participate in the study in accordance with the
Helsinki Declaration of the World Medical Association
(WMA Declaration of Helsinki — Ethical Principles for
Medical Research Involving Human Subjects, 2013)
and the processing of personal data.

Patients were randomly distributed by age, gender,
and clinical severity into two groups-the main group,
which evaluated the comprehensive use of Hoffitsin and
Remaxol on metabolic intoxication indicators and LPO,
and a control group receiving conventional treatment.

The main group received conventional treatment-
Diet therapy, M-anticholinergics for pain relief:
Platyphylline hydrotartrate — 1 ml — 0.1% solution,
myotropic antispasmodics for moderate pain intensity,
probiotics, enzymes.

Additionally-Hoffitsin 200 mg, 2 tablets 3 times
daily before meals for 2 weeks, Remaxol-400 ml
intravenously by drip, once daily for 10 days.

MM levels, L.PO products, MDA and DC in blood
serum were measured using V.V. Nikolaychik’s method
modified by Gabrilovich. Blood plasma MDA content
was determined according to M. Ushiama et al. (1978)
in reaction with thiobarbituric acid, studied before and
after treatment [45].

Statistical data processing was performed using
Statistica 10.0, Microsoft Excel 2010. Continuous
variables were presented using mean, and interquartile
range values. All analyses with P values < 0.05 were
considered statistically significant.

Results and discussion

Serum MM concentration before treatment, was
elevated 6.2-fold — 3.22 £0.12g/1 in the main group
and 3.19+0.12g/1 in the control group, with normal
being 0.52+0.03g/1, (P<0.05), indicating the presence
of metabolic intoxication syndrome in patients with
CNC against CDLD background. Also, in both groups
of examined patients before treatment characterized by
increased blood LPO products-MDA and DC. Thus,
these biochemical parameter changes indicate metabolic
disorders (Table 1).

Table 1
Level middle molecules and acidification lipid in the blood of patients before the start of treatment
Patient examination groups
Biochemical indicator Standard P
Basicn=32 Comparisons n=31
Middle molecules, g/| 0,52 +0,03 3,22 + 0,12* 3,19+0,12* <0,05
Malondialdehyde, mmol/I 32+0,2 8903 8,6 +0,25*% <0,05
Diene Conjugates, mmol/I 6,2+0,15 184+0,3 17,9 0,25* <0,05

Note: statistically significant differences relative to the norm p* -at p<0.05. In a separate column, the p value is the difference between

the indicators of the main group and the control group.
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Upon repeated examination of biochemical
parameters after treatment completion, it was
established that MM levels and LPO indicators-
MDA and DC in the main group receiving the herbal

preparation Hoffitsin showed reduction to the upper
normal limit-MM level decreased to 0.54+0.03g/1
(p<0.05), MDA-3.5£0.2pmol/l, DC-6.4+0.2amol/l
(Fig. 1, 2).

3.5

2.5

1.5

0.5

Before treatment

After treatment

Fig. 1. Levels of medium molecules in patient blood serum;
*—p<0.05

Before treatment

—

After treatment

Fig. 2. Levels of terminal malondialdehyde in patient blood serum;
*—p<0.05

In the comparison group receiving only
conventional treatment, parameter reduction also
occurred but less pronounced than in the main group
patients and did not reach the upper normal limit-MM

THERAPEUTIC DISEASES

level decreased to 1.06+0.06g/1 (p <0.05), which is 2.0
times above normal, MDA-5.1 +0.2pamol/l, which is
1.59 times above normal. DC-10.1 + 0.4pmol/l which
is 1.62 times above normal. (Tabl. 2, Fig. 3).
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Table 2
Level Middle molecules and acidification lipid in the blood of patients after treatment
Patient examination groups
Biochemical indicator Standard P
Basic n=32 Comparisons n=31
Middle molecules, g/I 0,52 + 0,03 0,54 +0,03* 1,06 +0,06* <0,05
Malondialdehyde, mmol/I 32+0,2 3,5+0,2 51+0,2% <0,05
Diene Conjugates, mmol/I 6,2+0,15 6,4+0,2 10,104 <0,05

Note: statistically significant differences relative to the norm p* — at p < 0.05. In a separate column, the p value is the difference

between the indicators of the main group and the control group.

20

15 1

10

Before treatment

After treatment

Fig. 3. Levels of diene conjugates in patient blood serum;
*—p<0.05

Thus, the obtained data demonstrate the
effectiveness of the herbal preparation Hoffitsin in
combination with Remaxol in the complex treatment
of CDLD patients with CNC, as these drugs help reduce
MM levels, LPO indicators-MDA and DC, indicating
elimination of metabolic intoxication syndrome and
restoration of metabolic homeostasis.

Conclusion

1. Patients with chronic non-calculous cholecystitis
against the background of diffuse liver diseases exhibit
endogenous metabolic intoxication syndrome. Increased
concentration of LPO products-MDA and DC indicates
activation of biomembrane lipid peroxidation.
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2. Including the herbal preparation Hoffitsin in
combination with Remaxol in the general treatment
course of these patients contributes to normalization
of clinical and laboratory disease indicators, medium
molecule levels decrease to normal, and LPO products-
MDA and DC normalize.

3. Under the influence of Hoffitsin in combination
with Remaxol, metabolic intoxication syndrome is
eliminated and relative metabolic constancy of the
body’s internal environment is restored.
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y NaLUEHTOB C XPOHUYECKUM HeKaJibKyNe3HbIM X0N1eLUCTUTOM
Ha ¢oHe anddy3HbIX 3aboneBaHN NeYEHH
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AnHoTanus. AkmyaabHocmb. ViccnesioBanoch BIUsSHYE KOMITIEKCHOTO ITPUMeHeHHs XO(HULIMHA U peMaKCosia Ha IToKas3aresy
MeTabomueCcKoil MHTOKCHKALIMH 1 IepeKHCHOT0 OKUC/IEHVsT JIMITUOB y TIALMEeHTOB C XpOHUYeCKIM HeKasIbKy/e3HbIM XOJIeLy-
crutom (XHX) Ha ¢doHe auddysHbix 3aboneBanuii meuenn (XI3I1). Mareprasisl ¥ MeTOABL. BivisiHEe COBMeCTHOTO IPUMeHeHHUsT
X0(UIIMHA U PEMAaKCoJ/ia U3ydaaoch y 63 mauyeHToB, ¢ auardo3om XHX Ha done X311 B cTaziuy 060CTpeHus1, B BO3pacTe
ot 20 o 53 nert. [lanyeHTsl, IyTeM C/IyyaiiHOTO pacIipefiesieHHs 110 BO3PaCTYy, TI0MY, TSHKeCTH KJIMHUUecKoro TeueHuss XHX
Ha (one XTIIT, 6bUTH MOfIE/IEHBI HA [[BE PABHO3HAUHBIE TPYIINbI — aHATU3UPYEMYIO, TT0 KOTOPOU OIIEHUBAI0Ch KOMILIEKCHOE
TpUMeHeHHe X0(QHIFHa U peMaKcoJjIa Ha IoKa3aTend MeTaboMueckoi MHTOKCHKALMK U I10J], ¥ KOHTPOJIBHYFO TPYIITY C IpUMe-
HeHHeM OOIIETPUHSTOrO JIeUeHws1, TIOC/Ie Yero MpOBOAMIOCE CPABHEHHeE MOTyYeHHBIX Pe3y/IbTaToB. Y OOMBHBIX, HAXOAUBLIAXCS
B aHA/IM3MPYeMO¥ TpyTIIie, 3y4Jail ypoBeHb cpefHUX MosieKys (CM) 1 koHIeHTparyio npozfykTos [10J1, KoHeYHOro MajloHOBOTO
manbaervaa (MIA) 1 mpoMeXXyTOYHBIX-IMeHOBBIX KOHBIOTaT (/JK) B CBIBOPOTKE KPOBU, UCIIO/Ib30BaICsl CKpUHUHTOBBIN MeTO7
B.B. Hukonaiunka B Mogudukarmu abpunosrya. It vicciefoBaHYs YPOBHSI CPeIHUX MOJIEKYJT CBIBOPOTKY KPOBH TIOTyUa/TH
LeHTpUdyruposanvem npu 4000g B TeueHue 15 MuH. MeTog OCHOBaH Ha 0CBOOOXK/IEHUH T1/1a3Mbl OT BHICOKOMOJIEKYJISIPHBIX
TIENTH/IOB 1 OEJTKOB C UCIIOMB30BaHUEM TPUXJIOPYKCYCHOU KUCIO0TEl — 10% pacTBOpa, 3aTeM OTpezesisiiCs ITPU TIOMOILY TIPSIMOM
criekTpooToMeTprH (TIpY AJIMHE BOJIHBEI 254 HM) KUAKOCTH YPOBEHb CPeJHEeMOJIeKY/ISIPHBIX ITeNITHOB I10 TOIVIOLeHHI0
B MOHOXPOMAaTHUEeCKOM CBETOBOM IOTOKe. Pe3yabmambi u obcysxcoeHue. Conepxxanve MIA B ria3Me KpOBH OLleHHUBaIA
no M. Ushiama u coaBT. B peakijuu ¢ THOOapOUTYPOBOM KUC/IOTOW. Viccei0BaHs MPOBOAWIN B IMHAMUKe — Mepej| HadaioM
JIe4eHUs1 ¥ TIOC/Ie ero OKOHYaHWs. Y TIALeHTOB C XPOHHUUECKUM HeKa/TbKyJie3HbIM XOJIeLIMCTUTOM HabIiofjaeTcsi OBBILIEHHEe
ypoBHa CM B CBIBOPOTKe KPOBU U MOBBbIIIeHHe KOHL[eHTparuu npoaykros I10J1. IIpruMmeHeHre npemnapara pacTUTEBHOIO
TIPOUCXOXKIeHHsT XO(PULIMH B COUeTaHUM C PEMaKCOIOM CIOCOOCTByeT HOpMaJTU3alii KITMHUKO-Tab0paTOPHBIX TTPU3HAKOB
3aboneBanust, HopManu3aruu npoaykroB [TOJI. Iog BiusiHreM X0(ULIMHA B KOMIUIEKCE C PEMAaKCOJIOM JTMKBUAUPYETCS CHHAPOM
MeTabomMue KOl MHTOKCHKALMH, UTO TIPOSIB/ISIETCST 3HAUMTE/IbHBIM CHI)KEHHEM YPOBHSI MOJIEKY/T Cpe/iHel MacChl 10 BepxHei
TPaHULIEI HOPMBI, TO €CTh JAHHBIN [TOKa3aresib TIOJTHOCTHI0 HOPMaIU3yeTcsl, U TIOMOXKUTeNbHbIN 3G QeKT neueHust HabmogaeTcs
VMIMEHHO B TI€PBOU TpyTire O0JBHBIX, B OTJIMYHE OT MALMeHTOB BTOPOU TPYIIbI, KpOMe TOTr0, BOCCTAHABIMBAETCSI OTHOCHUTETBHOE
MeTaboMyecKoe MOCTOSTHCTBO BHYTPEHHe! cpeJjbl OpraHu3Ma. Bbigodbl. Y MaljieHTOB ¢ XpPOHWUYEeCKUM HeKalbKy/ie3HbIM
XOJIeLIUCTUTOM Ha (oHe fuddy3HbIX 3a0osieBaHNi edeHH HaO/I0aeTCst TIOBBIILIEHHe YPOBHS CPeIHMX MOJIEKY/T B CBIBOPOTKE
KPOBH, UTO CBH/IETEJILCTBYET O HAJIMYUU CHH/IPOMA SH/I0T€HHOH MeTabomuueCckoil MHTOKCHKALMH. [10BbIIIeH e KOHLeHTPaLuu
nipozykToB ITOJI—M/JA u [IK cBH/IeTeNIbCTBYIOT 00 aKTHBALIMK MePOKCHALIMY TUMUI0B OromMeMOpaH. BKitoueHue mpernapara
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PaCTUTEILHOTO TIPOUCXOXK/IEHUsI XO(DUI[MH B COUeTAHUM C PEMAKCOJIOM B KOMILIEKCe jiedeGHBIX MepPOIIPUATHI CII0COOCTByeT
HOpMaJTU3aLUY K/IMHUKO-/1a00paTOpHBIX MPU3HAKOB 3a00/1eBaHUs], YPOBEHb CPEIHUX MOJIEKY/T CHHXKAeTCSI 10 HOPMbI U HOP-
Ma3auuu npoayktoB ITOJT— MIA u K. Iog BrusiHEEM Xo(UIMHA B KOMIUIEKCE C PEMaKCOJIOM JINKBUAMPYETCS] CUHAPOM
MeTabo/IMueCKON MHTOKCUKALIMK U COXPaHsIeTCsl MeTabo/InueCK1it ToMeoCTas.

KiroueBbie cjioBa: XpOHUUECKUI HEKATbKY/Ie3HBIN XO/ELUCTUT, XpOHUUeCKue fuddy3Hbie 3a00/1eBaHNs [TeUeHH, CPeIHIe
MOJIeKY/Tbl, TIepeKHCHOe OKHC/IeHHe JIUIHI/0B, XO(MHLIMH, PEMaKCOI

MNudopmanysa o puHaHCHPOBAHUHU. ABTOPHI He T0JTy4aid GUHAHCOBYIO TIOAJEPIKKY /I/Is1 UCCIef0BaHMsl, HAITMCAHWS U ITy-
6MKaLUK JaHHOM CTaTbU.

Bknapg aBropoB: Ps6enko FO.H. — c6op marepuasa, 06paboTka MaTepurasa, aHaIu3 MOTyueHHBIX JaHHbIX, HAlIMCAHUs TeKCTa
pykoricy; Psabenko O.B. — KoHIeNLus 1 Ju3aiiH nccaefoBaHusi, 06paboTka MaTeprasa. Bce aBTOpLI BHEC/IH CYIIe CTBEHHbIH
BKJIajl B pa3paboTKy KOHLIETII[H, ITPOBEIeHHe UCC/Ie[OBAHIS U ITOATOTOBKY CTaThH, IPOWIX U 0406pHIN (GHHATBEHYIO BePCHIO
niepey my0O/IMKariyer.

HNudopmanys 0 KOH(IUKTE HHTEPECOB — ABTODHI 3asB/ISAI0OT 00 OTCYTCTBUM KOH(M/IMKTA UHTEPEeCOB.
JTHueckoe yreepkaenue — VccienoBaHue ofobpeHo komuccuedi o tuke PYTH (TIpotokoa Ne 2, ot 05.11.2020).
BarogapHoCTH — HETTPUMEHHUMO

MudopmarpoHHoe cor/iacie Ha My0/IMKAL[HI0 — Y BCEX TTALIMEHTOB ObLIO MOTyYeHO JO0OPOBOIEHOE MH(POPMHUPOBAHHOE COTTIacHe
Ha yJacTHe B UCC/IeIOBAHMH COTVIaCHO XeJTbCUHKCKOM JleKapatyi BceMyupHoM MequiiuHCKo# accoranuy (WMA Declaration
of Helsinki — Ethical Principles for Medical Research Involving Human Subjects, 2013) 1 06pab0oTKy nepCcOHaNbHbIX JaHHBIX.
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