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Abstract. Relevance. To investigate the prognostic value of the Charlson Comorbidity Index (CCI) and its components in
assessing outcomes related to in-hospital and 18-month mortality and to determine additional prognostic value when incorporating
them into the GRACE score among patients with acute myocardial infarction (MI). Material and methods. A prospective study
enrolled 712 patients diagnosed with acute MI who underwent coronary angiography within 24 hours of hospitalization. Results
and Discussion. Of the patients, 61 % were male, median age 65 (interquartile range [IQR] 56-74years). In-hospital and 18-month
mortality rates were 5.1 % (n = 36)and 12.1 % (n = 86), respectively. Median GRACE, CCI scores were 117 (IQR: 98-141),
and 4 (IQR: 3-6) respectively. Common comorbidities within the CCI components included previous MI (21.8 %), diabetes
mellitus (21.1 %), chronic pulmonary disease (16.2 %), dementia (9.2 %), peptic ulcer disease (9.1 %), renal failure (8.6 %).
Factors associated with in-hospital and 18-month mortality included chronic lung disease (odds ratio [OR] = 4.21 and 2.04,
respectively) and renal failure (OR = 3.51 and 1.99, respectively) after adjusting for GRACE score. Dementia (OR 2.10; 95 %
confidence interval [CI] 1.11-3.97) was a significant risk factor for 18-month mortality. CCI was associated with in-hospital and
18-month mortality (GRACE-adjusted OR 1.29, 95 % CI:1.07-1.57, p = 0.001 and 1.37, 95 % CI (1.20-1.57, p = 0.001,
respectively). CCI demonstrated good predictive ability for in-hospital mortality (area under the ROC Curve [AUC]: 0.826)
and modest performance for 18-month mortality (AUC: 0.797). Adding chronic lung disease, renal failure in the GRACE score
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significantly improved the predictive efficacy for in-hospital mortality, with an AUC of 0.932 (95 % CI: 0.905-0.959, p= 0.001).
Including CCI in the GRACE score enhanced the prediction efficiency for 18-month mortality (AUC 0.819, 95 % CI: 0.768-0.871,
p=0.001). Conclusion. The CCI demonstrated moderate prognostic value in assessing in-hospital mortality among patients with
acute MI and good predictive ability for long-term mortality. The CCI and its components (chronic lung disease, renal failure)
added prognostic significance in addition to the GRACE score for predicting both short-term and long-term adverse outcomes.
Keywords: Charlson Comorbidity Index, comorbidity, mortality, myocardial infarction, GRACE score
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Introduction

A significant proportion of patients with myo-
cardial infarction (MI) have concurrent comorbid
conditions, which has been recognized as an important
prognostic factor for MI prognosis [1,2]. The Charlson
comorbidity index (CCI), which assesses comorbidity
burden by assigning scores to 22 specific conditions,
has validated in patients with acute coronary syn-
dromes (ACS) [3, 4]. The Global Registry of Acute
Coronary Events (GRACE) score is validated to predict
risk of adverse outcomes among patients with ACS,
yet its relationship with pre-existing comorbidities
remains inadequately explored.

We sought to investigate the prognostic value
CCI and its components in assessing outcomes related
to in-hospital and 18-month mortality and determine
additional prognostic value when incorporating them
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into the GRACE score among patients with acute MI,
who underwent an invasive management strategy.

Materials and methods

In a single-center prospective observational
cohort investigation carried out at the Vinogradov
Municipal Clinical Hospital (Moscow, Russia), we
included 712 acute MI patients undergoing coronary
angiography (CAG) within 24 hours after symptom
onset from January 2017 to December 2018. The
diagnosis of MI was based on the Third universal
definition of MI [5]. Exclusion criteria were all
individuals who were with type 3, 4 and type 5 MI as
well as those who developed MI during hospitalization.

Patient data included clinical characteristics,
cardiovascular risk factors, comorbidities, physical
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examination findings, blood test results, and imaging
data (including electrocardiography, echocardiography,
and CAG. Cardiac Troponin I levels were measured
using the Access 2 Immunoassay System (Beckman
Coulter, USA), with 99" percentile upper reference
limit being 0.02 ng/L. Inpatient and 18-month all-cause
mortality rates were recorded. GRACE 2.0 [6] and
CCI scores [3, 7] were calculated for all patients. All
patients provided written informed consent. The study
was approved by the local Ethics Committee of the
Institute of Medicine, Peoples’ Friendship University
of Russia named after Patrice Lumumba. Voluntary
written consent was obtained from the patients for
the investigation and publication of relevant medical
information according to WMA Declaration of
Helsinki — Ethical Principles for Medical Research
Involving Human Subjects, 2013.

Statistical analysis utilized IBM SPSS Statistics 25.0
(SPSS Inc., Chicago, IL, USA). Continuous variables
adhering to a normal distribution were presented as
means + SD, while skewed variables were expressed
as median (Me) and interquartile range (IQR).
Categorical variables were reported with frequencies
and percentages. Logistic regression examined the
association between CCI score and its components and

mortality. Odds ratios [OR] for continuously distributed
variables represented a one-unit increase unless stated
otherwise. Receiver operating characteristic (ROC)
curve analysis was performed to assess the performance
of CCI and its components when adding to GRACE
score in predicting in-hospital and 18-month mortality,
generating the area under the curve (AUC) and 95 %
confidence interval (CI) [8]. Significance was used
when p < 0.05 for all analysis.

Results and discussion

The median age was 65 (IQR: 56-74) years, 61 %
were male, 47.8 % presented with ST elevation. Arterial
hypertension was more prevalent (89 %), followed by
history of coronary artery disease (CAD) — 46.1 %.
Among CCI components, previous MI was the most
frequent comorbidity (21.8 % of population) followed
by diabetes mellitus (21.1 %), chronic lung disease
(16.2 %), dementia (9.3 %), peptic ulcer disease (9.1 %)
and renal failure (8.6 %). Median GRACE, CCI scores
were 117 (IQR: 98-141), and 4 (IQR: 3-6) respectively.
The clinical and laboratory results of the patients were
shown in Table 1.

Table 1
The baseline characteristics of the 712 myocardial infarction patients

Variables Population
n 712
Age, years, Me (IQR) 65 (56; 74)
Females, n (%) 278 (39)
ST-elevation, n (%) 340 (47.8)
Arterial hypertension, n (%) 634 (89)
Coronary artery disease, n (%) 328 (46.1)

Charlson comorbidity index components:

Previous myocardial infarction, n (%) 155 (21.8)
Mild to moderate diabetes mellitus, n (%) 150 (21.1)
Chronic lung disease, n (%) 115(16.2)
Dementia, n (%) 66 (9.3)
Peptic ulcer disease, n (%) 65 (9.1)
Renal failure, n (%) 61 (8.6)
Previous admission for heart failure, n (%) 57 (8.0)
Cerebrovascular disease, n (%) 51(7.2)
Malignant tumors, n (%) 27 (3.8)
Peripheral artery disease, n (%) 26 (3.7)

CARDIOLOGY
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End of the table 1

Variables Population
Mild liver disease, n (%) 4(0.6)
Acquired immunodeficiency syndrome, n (%) 1(0.7)
Rheumatic disease, n (%) 0(0)
Hemiplegia or paraplegia, n (%) 0(0)
Charlson comorbidity index, points, Me (IQR) 4(3;6)
Anemia, n (%) 189 (26.5)

Clinical findings:

Chest pain, n (%) 658 (92.4)
Dyspnea, n (%) 124 (17.4)
Killip class -1V, n (%) 160 (22.5)
Systolic blood pressure, mmHg, Me (IQR) 140 (120; 159)
Diastolic blood pressure, mmHg, Me (IQR) 80 (76; 89)
Troponin |, ng/mL, Me (IQR) 0.39 (0.09; 2.85)
Hemoglobin, g/L, Me (IQR) 136 (123; 147)
Creatinine, pmol/L, Me (IQR) 94 (80; 107)
Left ventricular ejection fraction, %, Me (IQR) 45 (40; 54)
No lesions/Coronary stenosis = 50 %, n (%) 73(10.3)
Three-vessel coronary artery disease, n (%) 390 (54.8)
Percutaneous coronary intervention, n (%) 566 (79.5)
GRACE score, points, Me (IQR) 117 (98; 141)

Abbreviation: GRACE: Global Registry of Acute Coronary Events; IQR: interquartile range; Me: median

During hospitalization, 36 (5.1 %) patients died. The
18-month mortality rate was 12.1 % (n =86). In logistic
regression analysis, after adjusting GRACE score, chronic
lung disease (OR 4.21 for in-hospital and 2.04 for long-
term mortality, respectively) and renal failure (OR 3.51 for
in-hospital and 1.99 for long-term mortality, respectively)
remained as significant factors associating with adverse
outcomes throughout all time frames. Dementia (OR 2.10;

95 % CI 1.11-3.97, p=0.022) was a significant risk factor for
mortality at 18 months. A one-unit increase in the CCI was
associated with a 1.65-fold increase in OR of both in-hospital
and 18-month mortality. When adjusting CCI with GRACE
score, the association was attenuated but remained statistically
significant with OR of 1.29 (95 % CI: 1.07-1.57, p=0.001) for
in-hospital and OR of 1.37 (95 % CI: 1.20-1.57, p= 0.001)
for 18-month mortality (Table 2).

Table 2
Logistic regression analysis of the association between different components of the Charlson comorbidity index (CCI)
and the risk of in-hospital and 18-month mortality in patients with acute myocardial infarction, adjusted for GRACE Score
In-hospital mortality Long-term mortality
Variables p-value p-value
OR (95 % CI) OR (95 % CI)

Peripheral artery disease - - 2.46 (0.91-6.61) 0.075
Cerebrovascular disease 1.13(0.37-3.48) 0.825 1.96 (0.98-3.95) 0.058
Previous Ml 1.27 (0.55-2.92) 0.574 1.66 (0.98-2.84) 0.061
Chronic lung disease 4.21 (1.66-10.66) 0.002 2.04 (1.09-3.79) 0.025
Peptic ulcer disease 1.90 (0.39-9.34) 0.430 1.05 (0.45-2.46) 0.905
Previous heart failure 1.51 (0.45-5.08) 0.509 1.41 (0.68-2.93) 0.357
Dementia 1.92 (0.82-4.51) 0.132 2.10 (1.11-3.97) 0.022
Diabetes 1.36 (0.82-2.25) 0.235 1.19 (0.84-1.69) 0.328
Malignancy 1.43 (0.92-2.22) 0.116 1.39 (0.99-1.95) 0.055
Renal failure 3.51 (1.42-8.69) 0.006 1.99 (1.01-3.93) 0.046
CCl, points 1.29 (1.07-1.57) <0.001 1.37 (1.20-1.57) <0.001

Abbreviation: CCl: Charlson comorbidity index; Cl: confidence interval; OR: odds ratio
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ROC curve analysis revealed that CCI alone
predicted in-hospital mortality well (AUC 0.826,
95 % CI 0.759-0.894, p=0.001) and modestly
predicted 18-month mortality (AUC 0.797, 95 %
CI 0.746-0.849, p =0.001) (Table 3). The GRACE
score demonstrated excellent predictive capability for
predicting in-hospital death and modest capability for
18-month outcome.

Inclusion of chronic lung disease, renal failure in the
GRACE score improved in-hospital mortality prediction
ability with AUC of 0.921, whereas inclusion of CCI
in the GRACE score improved 18-month mortality
prediction ability with AUC of 0.819.

Table 3

Performance of prognostic risk scores for myocardial infarction

All-cause mortality
In-hospital 18-months
Parameters
AUC 95 % Cl AUC 95 % ClI
CcCl 0.826 0.759-0.894 0.797 0.746-0.849
GRACE 0.912 0.877-0.947 0.794 0.740-0.848
GRACEc 0.932* 0.905-0.959 0.805 ** 0.751-0.859
GRACE + CClI 0.921 0.886-0.956 0.819 0.768-0.871

Note: * GRACEc included GRACE score, chronic lung disease, renal failure, was used for in-hospital mortality prediction.

** GRACEc included GRACE score, chronic lung disease, renal failure, and dementia.
Abbreviation: AUC: area under the ROC curve: CCl: Charlson comorbidity index; Cl: confidence interval; GRACE: The Global Registry

of Acute Coronary Events score.

Our study to revealed that the most common comorbid
conditions were prior MI and diabetes mellitus, whereas
chronic lung disease and dementia were the most frequent
non-cardiovascular conditions. Patients with acute MI often
have multiple coexisting conditions, including common
cardiovascular risk factors like diabetes mellitus and arterial
hypertension, as well as manifestations of CAD such as
prior MI or heart failure. For instance, in one study, diabetes
mellitus, arterial hypertension, and heart failure were the
most prevalent comorbidities among ACS patients, with
68 % of participants having at least three comorbidities [9].

Prevalence chronic lung disease and renal failure
in our study, at 16.2 % and 8.6 % respectively, were
consistent with prior research findings [4,10-14].
Moreover, chronic lung disease and renal failure also
posed an increased risk of death during hospitalization
and follow-up after acute MI, that consistent with
previous studies [11-14]. Recognizing the prognostic
significance of these non-cardiovascular comorbidities
is essential for enhancing risk assessment and improving
patient outcomes in the context of acute MI.

CARDIOLOGY

The prognostic value of comorbidity have been
demonstrated in the previous studies [4,15-18]. For
instance, In a prospective multicenter observational
study involving 29,620 acute MI patients, 46.8 % had
comorbidities [4], after adjusting for age and gender,
strong predictors of in-hospital mortality were heart
failure (adjusted OR 1.88; 95 % CI 1.57-2.25),
metastatic tumors (OR 2.25; 95 % CI 1.60-3.19),
renal diseases (OR 1.84; 95 % CI 1.60-2.11), and
diabetes mellitus (OR 1.35; 95 % CI 1.19-1.54). Further
adjustment revealed that the CCI was an independent
predictor of in-hospital mortality: CCI=1 had an OR of
1.36 (95 % CI 1.16-1.60; p=0.001), CCI=2 was 1.65
(95 % CI 1.38-1.97; p=0.001), and CCI >3 showed
an OR of 2.20 (95 % CI 1.86-2.57; p=0.001). When
combining all comorbidities in the CCI, age, and sex
in ROC curve analysis, the AUC was 0.761 (95 %
CI 0.748-0.773) for in-hospital mortality prediction.
In a separate investigation involving 1,035 acute MI
cases, Nufiez et al. included 1,035 consecutive patients
diagnosed with acute MI, demonstrating that a higher

137



Hoang T.H. et al. Bectuuk PY[TH. Cepust: Meguiuna. 2024. T. 28. Ne 2

CCI score independently predicted mortality or acute
MI within 30 days and one year [18].

While the CCI demonstrates satisfactory predictive
capabilities for mortality [4, 19], data on its potential
additional prognostic value in comparison to the
GRACE score remains limited [20, 21]. The GRACE
score is routinely utilized to forecast in-hospital and
6-month mortality among ACS patients but does not
incorporate comorbidity information. In a study by
Erickson et al. [21] involving 1,202 ACS patients,
have suggested that the performance of GRACE score
improves when co-morbidity scores such as CCI are
added to the risk scores. The GRACE score exhibited
the highest AUC for predicting inpatient mortality
(0.73, compared to 0.68 for CCI). When CCI was
combined with the GRACE score, the AUC reached
0.81 for predicting death during the 6-month follow-up
period, that consistent with our results. In contrast,
in the MADDEC study (Mass Data in Detection and
Prevention of Serious Adverse Events in Cardiovascular
Disease), included 1576 consecutive patients undergoing
invasive evaluation and treated for ACS were found
that the CCI was not superior to the GRACE score
at the 2-year follow-up and made no additional
contribution [20]. However, the age disparity between
the participants in that study and ours, coupled with the
exclusion of patients not receiving invasive treatment
in our study due to their poor overall prognosis, likely
attributed to a high comorbidity burden, may explain
this difference. Comorbidity indices assume greater
importance for these patients, given that comorbidity
burden tends to increase with age, rendering elderly
patients more susceptible and fragile.

Our study has limitations. Firstly, being an
observational study, it is subject to inherent constraints
such as nonrandomization and the presence of unmeasured
confounding factors, which cannot be entirely eliminated.
Nevertheless, well-designed observational studies can
yield valid results without systematically inflating
outcomes compared to randomized controlled trials.
Secondly, the CCI employed in our study is over 30 years
old, and the clinical definitions of specific conditions,
such as renal failure, have undergone significant
evolution since its inception. This evolution may render
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it impractical to accurately assess the impact of these
conditions on comorbidity burden and prognosis using
the traditional CCI format.

Conclusion

The CCI exhibited moderate prognostic efficacy in
evaluating in-hospital mortality outcomes in patients
with acute MI and demonstrated good predictive
performance for long-term mortality. Furthermore, the
inclusion of the CCI and its specific components, namely
chronic lung disease and renal failure, contributed
additional prognostic significance beyond the GRACE
score, enhancing the ability to predict both short-term
and long-term adverse outcomes.
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AHHoOTammsA. AKmMyanbHOCMb. VI3yuuTh IPOTHOCTHUECKYI0 3HAaUMMOCTDb WHZEeKca koMopouaHocty Yapnbcona (MKY)
Y ero KOMIIOHEHTOB B OLI€HKE UCXO/I0B BHYTPUOO/ILHUYHOM U 18-MeCsTUHOM CMEPTHOCTH U OTIPeZieTUTh [JOTIO/THUTE/IbHYHO
MIPOTHOCTUYECKYIO LIEHHOCTh TIPY BK/TtoueHUH ux B 1kaie GRACE y 60nbpHBIX 0CTphIM UHGapkToM MuoKapza (VIM). Ma-
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mepuan u MemoOdbl. B MPOCIIEKTUBHOM UCC/IeJOBAaHUHU BKJTFOUAM 712 TAllMeHTOB C AUarHO30M OCTphiM VIM, MO/IBEPTIINXCS
KopoHaporpaduu B TeueHue 24 4acoB MOC/Ie TOCIUTanu3auu. Pesyibmamst u o06cyxcdeHue. Cpeau nauueHToB 61 % 6bimn
MY>KUMHBI, Me[aHa BO3pacTa coCcTaBuIa 65 jieT (MHTepKBapTU/IbHBIN pasmax [IKP] 56-74 roga). YacToTa BHYTPHOOIEHIUUYHOMN
1 18-MecsuHOlM cMepTHOCTH cocTaBua 5,1 % (n=36) u 12,1 % (n=86), cootBeTcTBeHHO. Menuanb! 6as10B mo mkanam GRACE
u IKY coctaBumu 117 (MKP: 98-141 6amn) u 4 (MKP: 3-6 6annor) coorBeTcTBeHHO. Cpeyt KU KOMITOHEHTOB, paciipocTpa-
HEHHBIMU COMYTCTBYIOLIUMU 3a00/ieBaHUsAMHU OblH Tipeabiayinuil UM (21,8 %), caxapHeiii guabet (21,1 %), XpoHHUUECKOe
3abomeBanue jerkux (16,2 %), nemenius (9,2 %), si3BeHHast 60/1€3Hb XKEJy/Ka U JBeHa/JaTUIIepCTHOM Kuiiku (9,1 %), moueuHast
HeJI0CTaTOuHOCTH (8,6 %). PaKTOpBl aCCOLMUPOBAHbI C BHYTPUOOTLHUYHOM U 18-MeCsIUHOM CMEPTHOCTBEO GBI XPOHUYECKOe
3aboneBanue yierkux (otHoieHue maHcos [OII] =4,21 u 2,04, COOTBeTCTBEHHO) U MoueuHast HefloctatouHocth (O =3,51 u 1, 99,
COOTBETCTBEHHO) ocsie Koppekuun mkKanbl GRACE. Memenuus (OILI 2,10; 95 % mosepurensHbIi uHTepBan [[AN] 1,11-3,97)
Obl1a 3HAUMMBIM (HaKTOPOM PHUCKa AIJIsl JIeTalbHOCTH B TeueHue 18 mecsier. CCI accourpoBasicsi ¢ BHYyTPUOOTBHUYHOU U
18-mecsunoii netanbHOCTEIO0 (GRACE ckoppekTtrpoBanHbii O 1,29, 95 % JU: 1,07-1,57, p=0,001 u 1,37, 95 % OU: 1,20-1,57,
p= 0,001, coorBercTBenHo). CCI mpo/ieMOHCTPHPOBAJT XOPOILYIO MPeCKa3aTe/IbHYI0 CII0COOHOCTh /i/ist BHYTPUOOTbHUUHOM
cMmepTtHOCTH (TwTojazab mog, ROC-kpugoii [AUC]: 0,826) u ymepeHHY10 3(h(HeKTUBHOCTD ISt CMEPTHOCTH uepe3 18 MecsiieB
(AUC: 0,797). JobaBreHre XpOHHUECKOTO 3a00/IeBaHUsI JIETKUX ¥ TIOUEYHOW He0CTaTOUHOCTH B 1iKajie GRACE 3HaunTe/IbHO
yyuiiuio 3¢ GheKTHBHOCTD Mpe/iCKa3aHust BHYTPHOOIbHUUHOM JieTansHOCTH, ¢ AUC 0,932 (95 % OU: 0,905-0,959, p =0,001).
[nst pecka3anvist jietanbHOCTH uepe3 18 mecsirieB BkmoueHre CCI B mkany GRACE noBeicrio 3¢ eKTHBHOCT MpeCcKa3aHst
(AUC 0,819, 95 % O1: 0,768-0,871, p=0,001). Bbigodbi. KU nmen yMepeHHOe TIPOTHOCTUYECKOE 3HauUeHUe B OI[eHKe UCXO/I0B
BHYTPUOOTBHUYHON CMEPTHOCTH Y HOJBHBIX € 0CTpbiM UM 1 X0polliee /7 MPOrHO3UPOBaHUS JOITOCPOUHOM cMepTHOCTH. KY
Y €ro KOMIIOHEHTOB (XpOHUYEeCKHYe 3a00/IeBaHYs JIETKUX, TOUeYHAask HeZ0CTAaTOYHOCTh) J0OABHITH MPOTHOCTHYECKYIO 3HAUMMOCTh
B flonoHeHUe K 1kane GRACE B IpOTHO3UPOBaHWU BHYTPUOOILHUYHBIX U [I0JITOCPOYHBIX HEOIAronpHUATHBIX UCXO/0B.

KiioueBsble ¢JIoBa: MHEKC KOMOPOUAHOCTH YapbCcoHa, COMyTCTBYHOIIME 3a00/1eBaHusl, CMEPTHOCTb, UH(PAPKT MHOKap/a,
mkana GRACE
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OPUT'MHAJIBHOE UCCJIELOBAHUNE
ORIGINAL RESEARCH

Accounauus ypoBHS MHTerpuHa 6eta-3 ¢ HanMunem
U BbIPa)XXE€HHOCTbIO aTepOoCK/iepo3a KOPOHapHbIX apTepuit
y NaLMEeHTOB C XPOHMYECKOM uleMuyeckon 6ones3Hblo cepaua

JI.B. KoJsiouei ‘z, S1.P. Caryn

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

AnHoTanusA. AkmyanbHocmb. VIHTerpuH 6eta-3 sIBlseTcst KpUTHYeCKOM MOJIEKY/ION B HECKOJTBKUX MPOLIECCAX, YUaCTBYIOLUX
B [IPOrpeCcCHUPOBaHUY aTepoCK/iepo3a U CTeHO3UPOBaHKUsI KOpOoHapHbIX apTepuii (KA). LJesb — BBISIBUTH B3aUMOCBSI3b YDOBHS
vHTerpyHa 6eTa-3 CHIBOPOTKM KPOBH C HA/TMUKMEM U BBIDKEHHOCTBI0 KOPOHAPHOTO aTepoCKepo3a y MalueHTOB C XPOHUUeCKOH
ureMruueckor 6omesnnto cepana (MBC). Mamepuanbt u Memoodbl. B vccnenosanue BKaroueHo 100 MaijieHTOB C XpOHUUECKOH
WBC, HarpaBneHHbIX [/1s1 IPOBeZleHUs AuarHocThueckoi KopoHapoaHnruorpaguu (KATY) c njesbio Bepu@UKalum fuarHosa
cTabuneHoOM cTeHoKapany Hanpsbkenust (CCH). IatyeHTaM BBINOMHSIMCE MHCTPYMeHTasIbHbIEe 1 1ab0paTOpHbIe METOAbI UCCIle-
JIOBaHUs, BK/IFOUABIIIME OMpe/iesieHre YPOBHel TMNUHBIX (paKLyii CbIBOPDOTKY KPOBH SH3UMaTH4eCKUM KOJIOpUMeTpHUeCKUM
METO/IOM, a TaK)Ke YPOBHSI MHTerprHa 6eTa-3 ChIBOPOTKY KPOBU METOZIOM UMMYHO(EepPMeHTHOro aHanu3a. CTaTucTryecKui
aHaJIn3 BBITIOHSJICS C UCIO/b30BaHMEM TaKeTa MpukaagHbix mporpamm STATISTICA 12.0. Pe3yabmambi u 06cydcoeHue.
Mo nanHbiM KAT' 32 nmanjeHTa He MMeJM reMoZiMHaMUuecKu 3HauuMmoro nopaxkeHusi KA (creHosupoBanue <50 %) (rpymnmna 0),
32 nauyeHTa UMesy offHococyaucToe rnopakeHue KA (creHosupoBanue >50 %) (rpymnna 1) u 36 naiieHTOB — MHOTOCOCYHCTOe
nopaxkenue KA (rpymma 2). [TarjieHTbI ¢ MHOTOCOCYJUCTBIM NopaykeHneM KA xapakTepr30Baiuch 0osiee BBICOKUM (DYHKIMO-
HanbHbBIM KaccoM CCH U cTeneHbl0 apTepuanbHON TUIepTeH3UY, Yallie epeHoCUIY UH(apKT MUOKap/ia U UMe/ii B aHaMHe3e
caxapHbIi ivabeT 2 THa TI0 CpaBHEHWIO ¢ nauueHTamu Oe3 nopaxenus: KA (p <0,05). [MaipeHTs! rpymmbl 0 XapakTepr30Baivch
CHW)KEeHHBIMH 3HaueHUsIMU MHTerprHa OeTa-3 1o cpaBHeHUI0 ¢ nauueHTamu rpymsl 1 (p =0,006) v rpymnmst 2 (p =0,002).
YpoBeHb nHTerpuHa 6eta-3 >92 nr/msn MoXeT ObITb MCTIOB30BaH B OL|eHKe MPOrHO3UPOBAHUSI Pa3BUTHSI CTEHO3UPYIOILIETO
KOpoHapHoro atepocksepo3a (OP=2,84; 95 % [ 1,54-5,22, p=0,008). Bbiéoob!. [TomyueHHbIe pe3y/bTaTbl CBU/ETETLCTBYIOT
0 Ba’KHOU MPOTHOCTHYECKON PO/IM MHTErprHa OeTa-3 B TIaToreHe3e 00CTPYKTUBHOTO aTePOCK/IePOTHUECKOTO ropaykeHns: KA.

KiroueBble cs10Ba: MHTErpuH OeTa-3, aTepockiepos, uiieMudeckasi 60s1e3Hb cepAilia, KOpOHapHbIe apTePUH, KOPOHApO-
aHruorpadus
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Association of beta-3 integrin level with the presence
and severity of coronary atherosclerosis
in patients with chronic ischemic heart disease

Liudmila V. Kalatsei ~ =5, YanaR. Sagun
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Abstract. Relevance. Integrin beta-3 is a critical molecule in several processes involved in the progression of atherosclerosis
and coronary artery (CA) stenosis. Aim of the study is to identify the relationship between the serum level of integrin beta-3 and
the presence and severity of coronary atherosclerosis in patients with chronic coronary artery disease. Materials and methods.
We examined 100 patients with chronic coronary artery disease who were referred for diagnostic coronary angiography (CAG) to
verify the diagnosis of stable angina. All patients underwent instrumental and laboratory research methods, including determination
of the levels of lipid fractions of blood serum using an enzymatic colorimetric method, as well as the level of beta-3 integrin
in blood serum using an enzyme-linked immunosorbent assay. Statistical analysis was performed using the STATISTICA 12.0
package. Results and Discussion. According to the results of CAG, 32 patients did not have hemodynamically significant coronary
lesions (coronary stenosis <50 %) (group 0), 32 patients had single-vessel coronary lesions (stenosis >50 %) (group 1) and 36
patients had multi-vessel coronary lesions (group 2). Patients with multi-vessel coronary artery disease were characterized by

CARDIOLOGY 143


https://orcid.org/0000-0001-5211-709X
mailto:lkolotsey%40mail.ru?subject=%D0%9A%D0%BE%D0%BB%D0%BE%D1%86%D0%B5%D0%B9%20%D0%9B%D1%8E%D0%B4%D0%BC%D0%B8%D0%BB%D0%B0%20%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%BD%D0%B0
mailto:lkolotsey%40mail.ru?subject=%D0%9A%D0%BE%D0%BB%D0%BE%D1%86%D0%B5%D0%B9%20%D0%9B%D1%8E%D0%B4%D0%BC%D0%B8%D0%BB%D0%B0%20%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%BD%D0%B0

Konoueti JI.B., Cazyn A.P. Bectaux PYITH. Cepus: Mepununa. 2024. T. 28. Ne 2

higher functional class of stable angina and degree of arterial hypertension, more often suffered a myocardial infarction and
had a history of type 2 diabetes mellitus compared to patients without coronary lesions (p <0.05). Patients in the group 0 had
a lower level of integrin beta-3 compared to patients of group 1 (p=0.006) and group 2 (p=0.002). Integrin beta-3 level >92
pg/ml can be used to predict the development of stenotic coronary atherosclerosis (RR=2.84; 95 % CI 1.54-5.22, p=0.008).
Conclusion. The results obtained indicate the important role of integrin beta-3 in the pathogenesis of obstructive atherosclerotic
lesions of the coronary arteries.

Key words: integrin beta-3; atherosclerosis; coronary artery disease; coronary arteries; coronary angiography
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BeepeHue

B ocHOBe 60BIIMHCTBA CepPZeUHO-COCYAUCTBIX
3abo/ieBaHMI JIEKUT aTepOCKIepo3 KOPOHAPHBIX ap-
Tepuii (KA), KOTOpBIM MOXET NPOTeKaTh Kak MOTHO-
CTBI0 6eCCUMITTOMHO, TaK ¥ MaHH(eCTUPOBATh B BH/Ie
XPOHUYEeCKOH uilieMuueckout 6one3nu ceppija (MBC)
C CUMITTOMaMH CTabUIbHOM CTeHOKapAUU Harpsike-
HUS$1, & TAaK)Ke BIepBble MPOSIBIATLCSA B BUZE OCTPOTO
KOPOHapHOI'0 CMH/pPOMa W/ BHe3aIllHOM Cep/euHomn
cmeptH [1-3]. CTpatudukaliys pucka y TaijueHTOB
¢ xponnueckoi UBC Ba)kHa AJis1 MPUHSATUS PeLlieHUN
0 JanbHeWIlIel TaKTUKe BeZleHHs (KOHCepBaTHBHOMN
WX MHBa3UBHOM). PellleHne 0 peBacKyssipyu3aLiun
MHOKap/a 0/DKHO TPUHUMATBCS C YYETOM CHYDKEHUS
pUCKa CepAeYHO-COCYAMCTHIX COOBITHH, a He TPOCTO
o0JierueHus TsSDKeCTH CTeHO3a WA uilleMuu [ 3].
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CoBpeMeHHbIe TeHZEHLIMU B CTpaTU(UKALUK PUCKa
naureHToB ¢ UBC BapeupyIOT MeXAY UCTIOIb30BAHU-
€M MPOCTHLIX TTapaMeTPOB ¥ OTHOCUTETBLHO C0XKHBIX
WH/IeKCOB, TPA/IMIIMOHHBIX U HOBBIX ()aKTOPOB PHUCKA,
00I1Ie0CTYITHBIX U MIEPCOHA/TU3UPOBAHHBIX LKA,

Knaccruueckue (hakTopsl prcKa KOpOHapHOTO are-
POCK/iepo3a XOPOILIO U3BECTHBI: TaK, UCCef0BaHUe
INTERHEART, Bk/touMBIlIee HaceseHUe 52 CTpaH,
BBISIBUJIO ZIeBSTh (PAaKTOPOB PUCKA, OTBETCTBEHHBIX
3a 6ostee uem 90 % puicka uHbapkTa Mmuokapza (MM):
KypeHHe, AUC/UITAAEMUS], TUTIePTOHUS, JUA0eT, 0XKu-
peHue, 1ueTa, hru3nyeckasi akTUBHOCTb, TTOTpebieHre
aJIKoT0J1s1, TICUX0COLMa/ibHbIe (DakTophI [4].

B3aumogelicTBre MeXXAy pa3TIMYHbIMU (haKTOpaMHy,
TaKUMHU KaK JUCTTUTUEMUS], KypeHre, OXKUpeHre 1 BOC-
TajieHre, UTpaeT PemiarIyo posib B JOpMHUPOBAaHUM
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aTepoCK/IepoTHUeCKUX Osisiiiek, cTeHo3upoBaHuu KA
Y Pa3BUTHH CUMIITOMOB UIIIEMHUU MUOKap/a.

Kpowme Toro, rnosiiieHre 1 porpeccrpoBaHye are-
pOCKIepoThdeckoro nopakeHusi KA 3aBUCHT OT CBOM-
CTB apTepuUasbHOM CTEHKH, TAaKMX KaK pa3mep OJIsILKY,
CKOPOCTb KOPOHAPHOTO KPOBOTOKA ¥ BOCTIPUUMYKBOCTD
3H/I0TeNMs K pakTopam CBepThiBaHUs KpoBH [5]. B Ha-
CTOsI1lee BpeMsl B TIpoLiecce aJre3ud TpPOMOOLIUTOB
Ha MoBepXHOCTH 3H70Te/ st KA GorbliTy o posb OTBOASAT
CeMelCTBY MHTETPUHOB, B YaCTHOCTH, OJHOMY U3 €ro
nipeZicTaBUTe/Iel — uHTerpuny 6era-3 [6].

VIHTerpyHBI TIPe/ICTAB/SIOT COO0M TpaHCMeMOpaH-
HbIe peLieNTOpbl, KOTOpbIe CTI0COOCTBYIOT aAire3uu
MEXXy KIeTKaMU U Me>KK/IeTOUHBIM MaTpUKCoM. OHU
00pasyroTcs Mocpe/iCTBOM HEKOBAIeHTHOM acCOLAaLn
JBYX TPaHCMeMOpaHHBIX IVIUKOMPOTeNHOB | Thma: o-
u -cyoneaunuLib [7]. TIpy CBS3bIBAHUM JIUTaHAA UHTE-
TPUHBI aKTUBUPYIOT ITyTH T1epe/iaull CUTHasIa, KOTOPbIe
OTI0CPeAYIOT TaKue MpOoLieCChl, TaKKe KaK peryssiys
KJ/IETOUHOTO IMKJIa, OpraHu3aliyisi BHyTPUK/IETOYHOTO
LUTOCKesieTa U repeMelljeHre HOBbIX peLielTOPOB
K KJ1eTouHOi MeMOpaHe. [IpucyTCTBHe UHTErpUHOB
103BOJIsieT OBICTPO M THOKO pearupoBaTh Ha COOBITHS
Ha MOBEPXHOCTH KJIETKU (HarlpuMep, OTIPaB/IsieT CUr-
Ha/l TPoMOOL[MTaM UHULIMUPOBATh B3aUMOZeiCTBHe
¢ pakTOpamMu CBepThIBaHUS KPOBH) [8].

B ceppuie 6enku ceMelicTBa MHTETPUHOB SIBJISFOTCS
(byHIaMeHTaTbHBIMU KOMITOHEHTaMU B3auMO/IeCTBYS
MeXKJy MeXXK/IeTOUHbIM MaTPUKCOM M KapZHuOMHO-
LUTaMH, a Takke Gubpobmactamu. OHU BBITIOTHSIFOT
HEeCKOJIbKO (DYHKI[MH, BK/IIOUasi peryssilyio KaeTou-
HOro ()eHOTUIIA B Pa3BUBAIOIIEMCS ¥ TTIOCTHATATbHOM
MHOKap/e, aJre3uio 1 MUrpaLidio K/IeTOK, a TaKxKe
M3MeHeHre BHYTPUK/IETOUHOTO KHUC/IOTHO-OCHOBHOTO
PaBHOBECHS U YPOBHS Ka/bLusl B L{uTOm1asme [7-9].

WnTerpun GeTa-3 sIB/IS€TCS OFHUM M3 OCHOBHBIX
peLienTopoB reTepo/jiMepoB UHTerprYHA Ha MOBepX-
HOCTHU KapAuoMHUOoLMTOB. B 1994 . B uccieJoBaHUU
E.T. Choi u coaBT. 66110 BriepBbIe TIPOJIEMOHCTPU-
POBAHO, YTO MHUTPALIUsI TJIaZIKOMBIIIIEUHBIX K/IETOK,
MH/YLIMPOBaHHasi TPOMOOLMTapHbIM (haKTOPOM POCTa,
OTI0OCpe/IyeTCsl BO3/IeliCTBHeM UHTerpruHoM-6eta 3.
Korpa uccnefoBareny BBOAUIN MENTH/-aHTarOHUCT
JIOKa/IbHO B COHHYIO apTepUI0 KPOJIMKa 1mocyie 6asioH-
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HOM aHTMOIIaCTUKY, Hab/IF0anoch CTaTUCTHYECKH
3HauMMOe CHIKeHHe 00pa30BaHUsI HEOMHTUMAJTbHBIX
Topa>keHUH 10 CPAaBHEHUIO C apTepUsiMU, B KOTOpbIe
BBOJIW/IM HEAKTUBHBIN TETITH/ UK (PU3H0/I0OTHYe CKUM
pactBop [10]. B 1995 r. M. Hoshiga u coaBT. u3yuanu
9KCIIPeCccHro MHTerpruHa 6era-3 B HOpMaJIbHBIX U aTe-
pockiepoTudeckux aprepusx [11]. MccnegoBaTenu
Ha0J/TFO/1a/TM BLICOKYO SKCITPeCCHI0 MHTerprHa 6eTta-3
B SH/IOTe/IMU B/I0J/Ib TTPOCBeTa Kak B BUze Auddy3Horo
YTOJIeHUS] UHTUMBI, TaK U B aTePOCKIePOTHYECKUX
osstmkax [9, 11].

[TonyueHHbIe JaHHBIE CBUETENBCTBYIOT O TOM, UTO
MHTeTpUH 6eTa-3 SBJIsIeTCs KpUTHUECKOM MOJIeKY/Ion
B HECKOJIbKHX TIPOIIeCccax, Y4aCTBYIOIUX B TIPOTpec-
CHMPOBaHMM aTepoCKJepo3a U cTeHo3upoBaHus KA.
OJHaKo B KJIMHUUECKUX UCC/IeJOBAHUSAX K HACTOSILIIEMY
MOMEHTY B3aUMOCB$3b YPOBHSI UHTeIpUHA C BbIpa-
JKeHHOCTBIO aTepoCKIepoThuuecKoro nopaxenuss KA
M3yueHa HeZJOCTaTOuHO, 4eM U 00yC/IOB/IeHa aKTyaslb-
HOCTb HACTOSIIIETO UCCIe0BaHMSI.

Llenp vccnefoBaHUsl — BbISIBUTb B3aUMOCBSI3b
YPOBHSI UHTerprHa 6eTa-3 CbIBOPOTKHM KPOBH C HaJld-
YrieM U BbIpaKeHHOCTbI0 KODOHApPHOT'0 aTepocK/iepo3a
y nauueHToB ¢ xpoHuueckoi UBC.

MaTepMaHbI n MeToabl

B uccnenoBanue BktoueHo 100 maryeHTOB C Xpo-
Huueckoii UBC u cTabunbHOM CcTeHOKapAvel Haripsi-
»KeHUs QyHKLMOHanbHOro kinacca (CCH ®K) I-111,
HarpaB/IeHHbIX [IJ1 IPOBeJieHus [UarHOCTUYeCKOU
kopoHapoanruorpadguu (KAT') c 1iesbio Bepudukarmm
JarHo3a CTabWILHOM CTeHOKapAWUY HarlpsDKeHHsI.

Bce yuacTHUKM HUccieoBaHUS OOPOBOJIBHO
noAnycany MHGOPMHUPOBaHHOE COT/IacHe Ha yJacTHhe
B MICC/IeIOBAaHUM ¥ 00pabOTKY 1MepCOHAMbHBIX JAHHBIX
cornacHO XenbCUHKCKOW fleKnapaiuu BcemupHoi
MeauinHCKoU accoruanuu (WMA Declaration of
Helsinki — Ethical Principles for Medical Research
Involving Human Subjects, 2013).

KpurepusiMu UCK/TFOUeHHST U3 UCCITe/JOBaHUs ObLTH:
repeHeceHHOe MeHee 12 MecsilieB Ha3aj, OCTpPoe 0OC-
JIO)KHEeHHe KOpOHapHoro arepockseposa (MM umm npo-
rpeccUpyrolasi CTeHOKapAKs); XpOHUUeCKast CepJieyHast

145



Konoueti JI.B., Cazyn A.P. Bectaux PYITH. Cepus: Mepununa. 2024. T. 28. Ne 2

HeJJ0CTaTOYHOCTh CO CHYDKeHHOU ¢pakijueii BbIOpoca
neBoro xenyzaouka (<40 %); akTMBHBINA BOCTIA/TUTE/Th-
HBIH Tpoliecc Jr000H T0KaIM3auu UHPEKIMOHHOM,
ayTOMMMYHHOW WJIK MIHOW STHUOJIOTUH; OHKOJIOTUYeCKHe
3aboseBaHusi; 6epeMeHHOCTh WY 1epUoj] KOPMIIeHMS;
OTKa3 MalyeHTa OT y4acTHsl B UCC/Ie[JOBaHUU.

Bcem narpenTam 6bi1a BeinosiHeHa KAT o me-
toguke Judkins (1967 r.) B yCc/IOBUSIX peHTTeHonepa-
LIMOHHOM Ha aHruorpaduyeckux ycraHoBkax «Philips
Azurion 7» u «GE Innova 3100 IQ». 551 KomMuecTBeH-
HOM OLIeHK{ CTeHO30B [PUMeHs/IaCh KOMIIbIOTepHast
nporpamma ycraHoBkU «GE Innova 3100 IQ».

[TanyeHTH! 0 rocrUTaNIU3aliu U BO BpeMs
npeObIBaHMS B CTAl[OHape T0JyvYand HeoOXoAuMble
JIeKapCTBeHHbIe CpeZiCTBA B COOTBETCTBUM C UX Jya-
THO30M M KJIMHUUeCKUM COCTOsIHMeM. Bce maijueHTsbl
Jl0 BKJIFOUEHHS B UCC/Ie/loBaHKe 110/1y4Yasay Teparnuio
cratrHam¥ (aropBacTartvH (44 %) b0 po3yBacTaTvH
(56 %)) B mo3upoBkax 10 vnu 20 Mr Ha TIPOTS>KeHUe
He MeHee 3 MeCsI1IeB.

[TaumeHTaM, BKJ/IFOUEHHBIM B HUCC/e[0BaHue,
BBITIO/THSUTMCh WHCTPYMeHTa/IbHbIe U TabopaTopHbIe
MeTO/bl MCCJIeJOBaHUs], B TOM YHUCJIe Olpeje/leHue
YPOBHe TMMUJHBIX (PPaKL1ii CbIBOPOTKY KPOBU SH3U-
MaTH4yeCKUM KOJIOpUMeTpUYeCKUM MeTO0M, a TaKKe
YPOBHSI UHTerprHa OeTa-3 ChIBOPOTKH KPOBU METOJIOM
MMMYHO(epMeHTHOI'0 aHa/13a.

CratucTruuecKuii aHaim3 BhIMOHSICS C UCIIO/b30-
BaHUeM naketa Nnpuk/agHbix rnporpamMMm STATISTICA
12.0. CpaBHeHHe UMC/IeHHBIX TIOKa3aTesiell MeXxay /IBy-
Ms1 He3aBUCUMbIMU IPYTIIIaMU NPOBOAUIOCH C UCTIOb-
30BaHUeM HenapameTpudeckoro U-kpurepus MaHHa—

Yurau. CratMcTUYeCKyro 3HaUMMOCTD Pa3/IMunii MeXxy
KaueCTBEHHBIMU XapaKTePUCTUKAaMU OLIeHUBA/ N TIPU
riomotuy kputepus x2-ITupcona. IloporoBoe 3HaueHue
YPOBHSI CTaTUCTAYeCKOM 3HAYMMOCTH OBI/IO TIPUHSTO
paBHbIM 0,05. [719 U3yueHHUs CBI3U UHTEePBaIbHBIX
TepeMeHHbIX PUMEHSIT KO3(P(QULIMEHT PAHIOBOM KOP-
persuuy CriupMeHa. AHa/IU3 MeXJy JUXOTOMAYe CKUMU
Y WHTePBa/IbHbIMU BeIMUMHAMU [TPOBOWIIH C IOMOLLBIO
TOueyHO-OrcepranbHOro Ko3dduiiieHTa Koppesisitym.
[171s1 corocTaB/ieHus IMarHoCTUUeCKOU LIeHHOCTH M0~
KasareJsieu, poJeMOHCTPUPOBABIIMX CTaTUCTUUECKU
3HaUMMBbIe Pa3/INuns MeKy IPyINrnaMHy, IPUMeHsINA
ROC-aHanmu3 ¢ nomoILbi0 TTIOCTPOEHUS XapaKTepu-
CTUYECKUX KPUBBIX 3aBUCMMOCTH YYBCTBUTENIBHOCTH
Y CIIeLU(UUHOCTH UCC/IelyeMbIX TIPHU3HAKOB.

WccnenoBaHue ObIJIO BBITIOJIHEHO B COOTBET-
CTBMM CO CTaHJapTaMM Hajjiexkallei KIMHUYeCKON
npakTiku (ICH-GCP) u npuHimnamu XenabCUHCKON
Hexnapauuu. /1o BK/IKOUeHUS B UCC/Ie[0BaHKe y BCeX
YUaCTHUKOB OBIJIO TIOSTy4eHO MUCbMeHHOe UH(OpMU-
pOBaHHOe corviacue.

Pe3ynbraTtbl M 06CyXAEHME

ITo pesynbraram KAI' 32 nanueHra He uMenu
reMoJuHaMU4eCcKy 3HaunMoro nopaxenust KA (cre-
Ho3upoBaHue KA <50 %) (rpynmna 0), 32 nauveHTa
MMequ ofHOcocyaucToe nopaxeHue KA (cTteHo31po-
BaHue > 50 %) (rpymma 1) u 36 nalueHToB — MHOT0CO-
CyAMCTOe TIopa’keHre KOPOHApHOTo pycia (rpymnma 2).

KnHuueckast XxapakTepuCcTHKa UCC/IelyeMbIX TPYTI
TaleHToB Tpe/icTaB/ieHa B Tabwie 1.

Tabnuya 1
KnuHnuyeckas xapakTepucTUKa NaLMeHToB
Table 1
Clinical characteristics of the patients
. lpynna 0/ Mpynna 1/ lpynna 2/
MapameTpbl / Parameters Kputepuw/ Criteria Group 0 (n = 32) Group 1 (n = 32) Group 2 (n = 36)

My>xkumHbl, n (%) / Male sex, n (%) - 14 (43,7 %) 21 (65,6 %) 25 (69,4 %)*
Boapacr, net (M+SD) / Age, years )
(MSD) 57,4+6,3 59,1+7,7 60,8+6,5
WMT, kr/m2 (M1SD) / BMI, kg/m2 )
(MSD) 28,9+4,7 31,1439 29,2+4,8
Oxxupenue 1 ctenenu, n (%) / Stage 1 ) o o o
obesity, n (%) 10 (31,3 %) 14 (43,8 %) 8(222 %)#
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OKoHYaHue Tabn. 1

MapameTpbl / Parameters Kputepuw/ Criteria

Mpynna 0/
Group 0 (n=32)

Mpynna 1/
Group 1 (n=32)

Mpynna 2/
Group 2 (n=36)

OxwpeHue 2 u 3 ctenenu, n (%) / Stage 2
and 3 obesity, n (%)

2 (6,2 %) 3(9,3 %) 6 (16,7 %)*

KypeHwe, n (%) / smoking, n (%) -

11 (34,4 %) 14 (41,6 %) 15 (43,7 %)

n (%)

HeT AT, n (%) /no hypertension,

6 (18,7 %) 1 (3,2 %)* 3(83%)

ApTepwvanbHas runepTeHsus /

1cT.,n(%)/ Stage 1,n (%)

12 (37,5 %) 7(21,9 %)* 3 (83 %)*

hypertension

2ct., n (%) / Stage 2, n (%)

12 (37,5 %) 22 (68,6 %)* 26 (77,8 %)*

)
)
)
)
)
)

3ct., n(%)/ Stage 3,n (%) 2(6,3 %) 2(6,3 %) 2 (5,6 %)

®K 1,n (%) / Grade 1, n (%) 6 (18,7 %) 0 (0 %)* 0 (0 %)*
MBC CCH ®K / CAD CCS grade ®K 2,n (%) / Grade 2, n (%) 26 (81,3 %) 28 (87,5 %) 24 (66,7 %)

®K 3,n (%) / Grade 3, n (%) 0(0%) 4 (12,5 %)* 12 (33,3 %)*#
MM B aHaMHese, n (%) / myocardial ) o o .
infarction history, n (%) 0(0%) 5(156 %) 11306 %)
CaxapHblit aimabet 2 Tuna, n (%) / ) N o o \#
Diabetes mellitus, n (%) 4(125%) 10(31.2%) 13 (36,1 %)

®K 0, n (%) / Class 0, n (%) 2(6,2 %) 0(0 %) 0(0%)

®K 1, n (%) / Class I, n (%) 20 (62,5 %) 15 (46,9 %) 10 (28,7 %)*

®K XCH, n (%) / Heart failure Class (%)

®K I, n (%) / Class II, n (%) 10 (31,3 %) 15 (46,9 %) 18 (50 %)

OK III, n (%) / Class IlI, n (%) 0(0 %) 2(6,2 %) 4(11,1%)

lNpumedarune: * — 3HadeHue p < 0,05 no cpaBHeHuto ¢ rpynnon O; # — 3HadveHue p < 0,05 no cpaBHeHUIO ¢ rpynnon 1.

Note: * —p < 0.05 value compared to the Group 0; #— p < 0.05 value compared to the Group 1.

Cokpalyeruns: UMT — nHaekc Mmaccol Tena; Al — apTepuanbHas runepteHamns; MBC — nwemmnyeckasa 6onesHb cepaua, CCH —
CTabunbHasa cTeHokapans Hanpsbxkerns, K — dyHKUMoHanbHbIN knacc, M — nHbapkT mrokapaa; XCH — xpoHuyeckas cepaedHas

HeJOoCTaTO4YHOCTb.

Abbreviations: BMI — body mass index; CAD — coronary heart disease; CCS — Canadian Cardiovascular Society.

Cpepu nauyeHToB rpymrbl 0 661710 60sbliIe KeH-
L[MH 0 CpaBHeHUIO ¢ rpynmnoi 2 (56,3 % npoTus
30,6 %, x2=23,59, p=0,05), ofHaKO JaHHbIe pa3/u-
Yyysl He HOCWIN CTaTUCTUUeCKY 3HaUMMOI0 Xapakrepa
1o cpaBHeHuro ¢ rpynmoit 1 (56,3 % npotus 34,4 %,
X2=2,27, p=0,13). CpeHee 3HaueHHe UHZEKCA MacChl
tena (MMT) naumeHToB coctaBuiio 29,9+4,4 kr/m2,
rpuueM 85 % maI[MeHTOB UMeTN U30bITOUHYI0 MacCy
Tesna, a 43 % uMesd O)XUpeHue 1 CTereHy U BhILLe.

CpaBHeHue yactoTel @K cTeHOKapAuM MOKAa3aslo,
uto @K I BCTpeyascs TOMBKO y ManueHToB rpyrrsl 0,
B TO BpeMs Kak y naiueHToB rpymn 1 u 2 @K I He fua-
rHoctupoBancs (x2=4,69, p=0,03 u x2=5,25, p=0,02,
COOTBETCTBEHHO). Y MaLMeHTOB C MY/IbTU(OKATbHBIM

CARDIOLOGY

aTepocksiepo3oM uaiije BoisBsiiicss PK 111 (33,3 %)
He TOJIbKO 110 CPaBHEHMIO C MallieHTaMH 0e3 CTeHO3U-
poBanus (x2=10,76, p = 0,001), HO u ¢ NaLeHTaM1
C ofHOCOCYAUCTBIM TIopakeHueM (p = 0,04). Takum
o0pa3oM, CTeHOKap/ sl HarlpsDKeHus IpoTeKasa bosee
TSDKEJIO Y TIAalJUeHTOB C MHOTOCOCYAUCTBIM TTOPayKEHUEM
KOPOHapHOro pyc/a.

B nccnemoBanun He OBLIO TIOJTyYeHO CTAaTUCTH-
YeCKU 3HAUUMBIX Pa3/Inuuii MeXXAy TpymraMHu Io pac-
MPOCTPaHEHHOCTH apTepuanbHOM runepreHsuu (Al).
Tem He MeHee, ee yacTOTa ObIIO KpailHe BBICOKOM,
B Irpymnmnax C nopa)keHreM KOPOHAapHBIX apTepuil OHa
coctasua 96,8 % 1 91,3 % CcOOTBeTCTBEHHO, B IPYyIIIie
6e3 mopakeHWs1 KOpOHapHOTO pyciaa — 81,3 %.

147



Konoueti JI.B., Cazyn A.P. Bectaux PYITH. Cepus: Mepununa. 2024. T. 28. Ne 2

Ouenka 1o wkane SYNTAX B rpymne narjueHToB
C O/THOCOCYJUCTBIM TIOpakeHrneM coctaBua 6,53 [3;
8,25] 6ania, B rpyrme C MHOTOCOCY/IUCTBIM MOpayke-
nuem — 17,9 [10,5; 23,5] 6annos, p<0,001.

ITokasaTenu JIUIHUAHOIO CIIeKTpa UCCIeyeMbIX
TPYIII MaLKeHTOB OTPa)keHbl B Tab/uLle 2.

Tabnuya 2
Moka3aTenu NMNUAHOrO CNeKTpa B UccrieAyeMblIX rpynnax nauueHToB
Table 2
Lipid spectrum parameters in the studied groups of patients
Mpynna 0/ lpynna 1/ lpynna 2/
Mapamerp / Parameter Group 0 (n=32) Group 1 (n=32) Group 2 (n=36)
OXC, mmonb/n / total cholesterol, mmol/L 4,67 [3,81; 5,56] 4,95[3,91; 5,99] 4,96 [3,89; 6,09]
TI, MMonb/n / triglycerides, mmol/L 1,83[1,2;2,19] 1,7411,1;1,96] 1,85[1,08; 2,3]
JINHN, mmonb/n / LDL-C, mmol/L 2,34[1,81;2,99] 2,74[1,8; 3,4] 2,9[2,0; 4,04]
JINBM, mmonb/n / HDL-C, mmol/L 1,541[1,22;1,89] 1,611[1,4;1,88] 1,43[1,17;1,71]

Kak cnemyeT u3 Tabnuiipl 2, MeXAy TpymnnamMu
MaleHToB He ObUIO BBISB/IEHO 3HAYMMBIX Pa3IUunil
B COJlep’KaHUM JIMNUHBIX (pakLiii CbIBOPOTKH KPOBH.
OTMeuanack TeHJeHLYs K 60/iee HU3KOMY YPOBHIO
JITTBII y nmarijueHToB C MHOTOCOCYAUCTBIM MOpakeHneM
KA 1o cpaBHeHHIO C 0fHOCOCYIUCTBIM, OfHAKO, He J10-
CTUrLIasi KpUTepreB CTaTUCTUYeCKOM JOCTOBEPHOCTH
(p=0,084).

ITpu oLieHKe ypOBHsI MHTerpuHa OeTa-3 B MCCIe-
JyeMBbIX I'pyIax yCTaHOBJIEHO, UTO y MaljeHTOB
6e3 reMoliHaMHUYeCKU 3HAUMMOT0 rnopakeHus: KA
oTMedaeTcst Oosiee HU3KHUI YPOBeHb UHTerpuHa beTa-3
(90 [55; 93] rir/m1) IO CpaBHEHMIO C TIALIeHTaMH C Ofi-
HococyaucteiM nopakeHreM KA (230 [91; 299] nir/mu,
p=0,006), a Takke MalueHTaMy C My/IbTU(HOKATEHBIM

nopa>keHreM (234 [90; 335] nir/m, p=0,002). [Tpu 3TOM
CTaTUCTUYeCKHU 3HAUMMBIX Pa3/IMUMii ME>KY TPyTIIamMmu
TIALIMeHTOB C OFJHO- ¥ MHOTOCOCYAUCTHIM TIOpaykKeHHeM
BbIsIBIIEHO He Ob110 (p=0,676).

[Tpu ripoBeJieHUU KOPPeJISIUOHHOTO aHa/in3a
yCTaHOB/IeHa KOPPeJSILIUOHHAsT CBSA3b MeX/Y YPOB-
HEeM MHTeTrpuHa 6eTa-3 U KOJIMueCTBOM TTOPayKeHHBIX
KopoHapHbIx aptepuid (R =0,354, p=0,003). BrisiBneHs!
TIOJIOKUTE/IbHbIE CBSI3U MEX/Yy YPOBHEM WHTerpuHa
OeTta-3 u orjeHkKo# 1o mkane Gensini (R =0,358,
p=0,002), a Takxe oLieHKoU 110 Kajse SYNTAX
(R=0,361, p=0,002).

Tak>xe ObIJT IPOBE/IEH KOPPE/ISIIUOHHBIA aHaTN3
Me)KJy 3HaueHUsIMU WHTerpuHa 0eTa-3 U ypoBHEM
nopakenust KA (tabmwmia 3).

Tabnuya 3
KoppensioHHble CBA3M MeXAY 3HaYeHNsIMU UHTerpuHa 6eTa-3 U ypoBHeM nopaxkeHus KA
Table 3
Correlation between beta-3 integrin values and the level of coronary artery disease
YpoBeHb UHTerpuHa 6eTa-3 / Integrin beta-3 level
MapameTtp / Parameter
R p

CTBOJN NeBOI KOpOHapHoit apTepum / left main coronary artery 0,093 0,353
1- cermeHT NMMXKB / Proximal LAD 0,135 0,179
2-h cermeHT MKMB / Mid LAD 0,251 0,017
3-n cermeHT MNMMXXB / Distal LAD -0,05 0,602
1-n cermeHT OB / Proximal RCX 0,014 0,891
2-in cermeHT OB / Mid RCX -0,04 0,670
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OKoHYaHue Tabn. 2

YpoBeHb UHTerpuHa 6eta-3 / Integrin beta-3 level
Mapametp / Parameter
R p
3-i cermeHT OB / Distal RCX 0,008 0,936
1-# cermeHT MNKA / Proximal RCA 0,258 0,011
2- cermeHT MKA / Mid RCA 0,005 0,956
3-# cermeHT MKA / Distal RCA 0,058 0,562

[pumeydanus: MIMXKB — nepeHas MexokenyaodkoBas BeTBb; OB — orunbatollas BeTBb; [KA — npaBasi KOpoHapHasa apTepus.

Notes: LAD — left anterior descending artery; RCX — left circumflex artery; RCA —right coronary artery.

Tak, ycTaHOB/IeHa CTaTUCTUUECKH 3HaUMMasi KOp-
peJISILIMOHHast CBsi3b MEXK/Iy YPOBHEM MHTerprHa 6eta-3
Y IOpa’kKeHWeM 2-ro CerMeHTa MepefHei Mexokeny0u-
KOBOU BeTBHU JieBoW KopoHapHo# aptepuu (R =0,251,
p=0,017), a Takxe 1-ro cermeHTa MpaBoil KOPOHAPHOM
aptepuu (R=0,258, p=0,011). Accoumaiuu Mexay
ropakeHrieM Oru0aroIreil BeTBU JIeBOM KOPOHAPHOM
apTepyuy U YpOBHEM HMHTerpuHa O6eta-3 oka3asauch
CTaTUCTUYECKU He JOCTOBEPHBIMMU.

[Tpu 3HaueHUM MHTerpuHa 6eTa-3 CHIBOPOTKH
KPOBH >92111/MJI1 OTIpefie/isieTCsl BBICOKasi BEPOSITHOCTD
pasBUTHS CTEHO3UPYOLLero arepock/epo3a KA c uys-
CTBUTEMLHOCTHIO 75,8 %, crieruduunocTtsio 73,3 %
v rioiaasio moa ROC-kpusoit — 0,76 (95 % AU
0,66-0,85), p=0,007 (puc. 1).
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Puc. 1. ROC-kpvBasi pa3BuUTUA CTEHOSUPYHOLLErO
KOPOHAapHOro atepock/ieposa B 3aBUCUMOCTH
OT YPOBHS UHTErpuHa 6eTa-3

Fig. 1. ROC curve of the development of stenotic coronary
atherosclerosis depending on the integrin beta-3 level

CARDIOLOGY

OTHOCHTE/TBbHBIN PUCK Pa3BUTHSI CTEHO3UPYIOLLEro
KOPOHApHOTO aTepoCK/epo3a Npy YPOBHE UHTerpUHA
6eta-3 >92 nir/mi cocraun 2,84; 95 % N 1,54-5,22,
p=0,008.

K HacToslijeMy MOMEHTY B 3KCIIepUMeHTaIbHbIX
paboTax 1okasaHo, uto 6e/IKu ceMeliCTBa MHTeTrPUHOB
Cr1I0COOHBI B/IUSTH HA MHOXKECTBO TIPOLIECCOB, BeYIINX
K pa3BUTHUIO KODOHApHOTO aTepoCK/iepo3a, BK/Iouast
JMCHYHKITUIO Y aKTUBAL[UIO SHZOTEJTHSI, XOMUHT JIeHKO-
LIUTOB B OJISIILIKY, MUTPALUIO I71a/JKOMBILIIEUHBIX KITeTOK
U pa3BuTHe Tpombo3a [11, 12].

Bos3zeiicTBre OKUCIEHHBIX JIMITONPOTEMHOB HU3KOM
TJIOTHOCTU TIPUBOJUT K Pa3BUTHIO AUCQYHKLIMU SHJ0-
TeJus, YTO, B CBOIO OUepe/ib, CIIOCOOCTBYET XOMUHTY
JIEMKOLIMTOB U MH(PUIbTPALIMK BOCHATIUTETbHBIMU
K/eTKaMi. MOHOLIUTBI MUTPUPYIOT B Cy03HJ0TeNHiA,
TpaHC()OPMUPYIOTCA B MakKpodaru U UHULIMUPYIOT
pa3BuTHe aTepocksepo3sa [13]. KneTku riaKkux MbILIL]
COCYZOB TaK>Ke UMeIOT O0JblIoe 3HaueHue [/l TIPO-
rpeccrMpoBaHMs aTepOCK/Iepo3a, OCKO/IbKY OHU MOTYT
TpaHcgu(pdepeHIMPOBaThCS B NMPOaU(epaTUBHbIN
Y MUTPUPYIOLLMI (DEHOTHUIIBI.

Pa6ote1 J. Chen 1 coaBT. MOATBEPK/IAIOT K/TFOUEBYHO
POJIb TIepe/jaull CUTHAJIOB MHTerprHa beta-3 B rposvdepa-
1M1 ¥ MUTPaLI|H T/Ia/IKOMBIITIeUHBIX K1eTok [14]. TTokazaHo,
yTo UHTEerpyH OeTa-1 1 MHTerpyH 6eTa-3 CBA3BIBAIOTCS
¢ 6eikoM (POPOHEKTHHOM, a UX MHTMOUTOPbI yMeHBILIAI0T
obpa3oBaHKe aTepoCK/IepOTHYeCKUX OIsIIieK, a UHIH-
OvipoBaHMe UHTerprHa OeTa-3 CHIDKAeT ellle ¥ YaCToTy
obpa3oBaHust hrOPO3HOH Karicysbl [9, 14, 15].

Apnresust TpOMOOI[UTOB, KOTOPOU CIIOCOOCTBYeT
MHTeTpUH OeTa-1, Takke UHAYLMPYeT aKTUBALIIO0 UHTe-
rpuHa 6eTa-3. BeiecTBYe 3TOr0 HeaKTUBHBIN UHTETPUH

149



Konoueti JI.B., Cazyn A.P. Bectaux PYITH. Cepus: Mepununa. 2024. T. 28. Ne 2

BeTa-3 Ha MOKOALMXCsl TPOMOOLUTaX KOH()OPMAIMOHHO
TipeBpalllaeTCs B aKTUBHBIN, CBS3bIBAIOIINN (PrOPHHO-
TeH, 3aryckKasi arperariio TpPOMOOIIMTOB U yCHUTUBast
TpoMboobpa3oBanue [16].

Mps1 0OHapy>XUIM B HAYyYHOU TUTEparype psj
VICC/Ie[IOBaHUH, MOCBSIIEHHbIX TIOUCKY TeHeTUYeCKUX
MyTaL¥i B reHe uHTerpuHa 6eta-3 [17-20]. Tak, K. Bo-
raThbIpeBOM U COABT. yCTAHOBJIEHO, UTO HOCUTE/IbCTBO
annesns C nomimopdusma T1565C reda ITGB3 moxxHO
paccMmarpuBaTh B KaueCTBe NpeguKTopa AU Qy3Horo
nopakeHust KA ¢ pasBuTHeM OKKJIFO3UU /10 OHOTO
rojia mocJjie mporielypel cteHTHpoBanus [17]. Hamiuue
annens C gaHHOro nosmumop¢ursMa B UCCIeJ0BaHUH,
nipoBezieHHOM E. Papp, 66110 CBsI3aHO C MOBBIIIIEHHBIM
PUCKOM BO3HUKHOBEHHsI OCTPOTO KOPOHAPHOI'O CHH-
apoma (OKCQC), npuuem HocuTenu annens C umenu
3HaUUTe/bHO OoJiee BbICOKHMH pUCK pa3BuTus OKC
Jlake TI0C/ie KoppeKiuu ¢akTopoB pucka [18].

Kpome Toro, uro Hamvuure annesnsa C reda ITGB3
ObLT0 CBSI3aHO ¢ prcKoM Bo3HMKHOBeHHUst OKC, B uccre-
JoBaHuu T. 30TOBOM U COABT. NIPOJeMOHCTPUPOBaHa ero
posib U npu XpoHrndeckux gpopmax bC, npu KOTOphIxX
OHa COueTaeTCsl C apTepuabHOM rUnepTeH3nel U Anc-
sgunigemueii [20].

OfHaKo B JaHHBIX paboTax He U3yuyaluCh YPOBHU
uHTerprHa 6eTa-3 B CHIBOPOTKe KPOBH, a IPOBOUIUCH
TOJIBKO MOJIEKYJIIPHO-TeHeThYeCKHe MeTO/bl UCCIIe-
JoBaHMs. B To Bpemsi Kak B Haieli paboTe BriepBbie
BbISIB/IeHbI YDOBHU MHTeTprHa 6eTa-3 y MarjeHToB
¢ xpoHnueckoii UbC u o1jeHeHO 3HaueHue JaHHOTO
Oromapkepa [i/is IPOrHO3MPOBAHUSL PA3BUTUSL MY/Tb-
THU(OKATBLHOIO aTepOoCK/IePOTUYECKOT0 MOpakeHUsI
KOpPOHApHOr0 pyc/a.

[IpoBesieHHOE MCCIE0BAHNE UME/I0 HEKOTOPEIe
orpaHuueHus. Bo-nepBsIx, Uccief0BaHie HOCUIIO
OJHOLIeHTPOBOI XxapakTep. Bo-BTOpbIX, pasmep BbI-
O0pKHU ObLT OTpaHUYEH, UTO MOIJIO CITOCOOCTBOBAThH
repeoLieHKe WU Hel0OLleHKe BeJIMUUHbI 00Hapy-
JKEeHHBIX acCOLMaLii, a TaKKe IOB/IUATh Ha YPOBEHb
JOCTOBEPHOCTH MOMy4YeHHbIX pa3nnurii. B cBs3u c yem
TIO/TyueHHbIe pe3y/IbTaThl TPeOYIOT YTOUYHEHHS U TIPO-
BepKU Ha 60j1ee MHOTOUMC/IEHHOU ¥ Pa3HOPOIHOMU
rpyIIe nanueHToB.
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1) IMTaumeHThI C reMOAMHAMUYECKH 3HAUUMbIM
cTeHo31poBaHreM KA xapakTepr3oBammch 6osee BBICO-
KWMU 3Ha4eHUsIMU UHTerprHa 6eTa-3 ChIBOPOTKY KPOBH
TI0 CPaBHEHMIO C TarjrieHTaMu 6e3 reMoiHaMU4e CKU
3HaUMMOro cteHo3upoBaHus (p <0,01).

2) YcraHOBIIEeH psfi OJIOKUTEbHBIX KOppesis-
LMOHHBIX CBSI3eM MeX/ly YPOBHEM MHTerprHa Oeta-3
Y CTeleHbI0 BbIPA’KeHHOCTH KOPOHAPHOI'O aTepoCKiie-
p03a, KOJIMUeCTBEHHO OIpe/ie/IeHHOM C TIOMOLLBIO LKA/l
Gensini u SYNTAX, a Takke ypoBHeM ropaxkeHus KA.

3) 3HaueHue uHTerpvHa 6eTa-3 >92 mr/ma MOXXeT
OBITH HCITO/I30BaHO Kak TIOPOrOBOE TIPU MPOTHO3UPOBa-
HUY PUCKa Pa3BUTUS CTEHO3UPYIOLLEro aTepocKieposa
KA y nauuenToB ¢ xponnueckoir UBC.
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REVIEW
OB30PHAA CTATbA

M'Mnonunupemuyeckasa tepanusa B XXI Beke: YTo HOBOro?

H.FO. O0neakoBa 'g, J.H. YcaueBa , I.C. Mans , E.I. O0bekoB

Kypckuii rocyzapcTBeHHBIN MeIMIIMHCKUN YHUBepcuTeT, 2. Kypck, Poccutickas dedepayus
< obedkovany@kursksmu.net

AHHoTauuA. AKmyaibHocmb. JIuAUpyoLUe MO3ULMU 110 CMePTHOCTH BO BCEM MUpe 3aHHMAIOT CepZeyHO-COCyAUCThIe
3aboseBaHwsl, MaTOreHeTHYeCKH 00y C/IOBIeHHbIE TIPOLieccaMM arepockK/iepo3a. CTaTHHBI 1TUTe/TbHOe BPeMsI CUMTAN 30JI0ThIM
CTaH/|apTOM TUIOJIUIHUeMAYeCKOU Tepanuy B CBSI3U C BBICOKOM 3()(peKTHBHOCTBIO, OTHOCUTEIBHO XOpOILllell [IepeHOCUMOCThI0
u Ge3omacHOCTBIO. Ha 1aHHBIM MOMEHT [[0Ka3aHo, UTO Teparnusi CTaTUHAMK B BBICOKUX [103aX CHIDKAeT YPOBEHb XOJieCTeprHa
JIUTIOTIPOTENHOB HU3KOM MIOTHOCTU Oonee uem Ha 50 %, a B cpeiHiX — npriMepHO Ha 30—49 %. OfHako, B HEKOTOPBIX CJTyYasx
JIOCTUYB 1]e/IeBO YPOBEeHb JIMTIONPOTEMHOB B LIeJIOM He TIPe/iCTaB/IseTCsl BO3MOKHBIM BBUZY Pa3IUYHBIX IPUUMH, YTO MOC/TY)KWIO
MOTHBAIMel K CO3ZIaHUI0 HOBBIX THUTIOUIUIEMUUECKUX CPe/ICTB. B cTaTbe mpejcTaBieHa /loKa3aTesibHas 6a3a HOBeMIINX
TIPerapaToB C JIMITU/ICHKAIOIINM JIeiCTBHEM, YaCTh U3 KOTOPBIX yKe olo0peHa K KTMHUYeCKOMY TIPUMeHEeHHI0 Ha 0CHOBaHUH
nyOMKauuii B MHEKCUPYeMbIX HayuHbIX 0a3ax Scopus, PubMed, Web of Science 3a nocnezgnue 10 net. IlpeacraBiieHsb
OCHOBHBIe pe3y/bTaTbl HauboJsiee 3HAUMMBIX KIMHUUECKUX UCIBITaHUH 3¢ deKTHBHOCTH 1 6e30MacHOCTH TaKUX TPeraparos,
KaK aTMpoKyMab, WHKIMCUpaH, 60kol3yMa0, meslakapceH, MUTIOMepCeH, beMrie/joeBast KUC/I0Ta, JIOMUTAIH/, SBUHOKYMao,
a TakKe MeTO/IMKU TeparieBTUUeCKOro aepesa JUIONPOTENHOB. PaccMaTpUBarOTCsl TOUKU HPUIOXKEHHs], BO3/IeMCTBYIOIIME
Ha MaToreHeTHYeCKYe 3BeHbs JUCUITHAAEMUMA: UHTHOMPOBaHYe TIPOTIPOTENHOBOW KOHBEPTAa3bl CyOTHM/IN3UH-KEKCHH 9 THIIa,
To/laBJieHNe TeHOB, CUHTEe3UPYIOILMX JIUIONPOTENH (@) aHTUCMBIC/IOBBIMU OJIMTOHYK/I€OTH/AMH, CyTIDECCUsI CUHTe3a X0oJecTe-
pHUHa [yTeM MHaKTUBALUK (epMeHTa afleHO3UHTpudochar-IuTparivassl (ATD-1uTpatinasel), AelicTBIe MUKPOCOMa/IbHbIX
UHrUOMTOPOB Oesika nepeHoca TPUIULEPH/IOB. Bbi6oOb!. TTOMCK HOBBIX pallMOHA/IBHBIX CXEM THITO/UITHIeMUYeCKON Tepanvy
BCe elle MPO/I0JDKAEeTCs, TIOTOMY HeoOX0MMO TIIAaTe/bHO aHATU3UPOBATh POGU/Ib 3)(HEKTUBHOCTH 1 6€30MaCHOCTH HOBEHIIINX
niperiapaToB. HekoTopble 13 HUX, HalIPUMep, HHIMOUTOPBI TIPOITPOTEMHOBOM KOHBEPTa3bl CyOTUMM3NH-KEKCHH THMA 9, aKTHBHO
UCIO/B3YIOTCS B MEJMLIVHE Y>Ke CerofiHs, 3a IPYTMMU, CAMBbIMHU TTePCIIeKTUBHBIMU, — Oyzyiee. ObecrneueHue TIOJTHOTO KOHTPOJIs
Ha/l aTeporeHHbIMH JIMIIONPOTEMHAaMH BIIOC/IE/ICTBUM BHECET 3HAUMUTE/IbHbIN BK/Ia/, B IEPBUYHYI0 U BTOPUUHYIO IPO(PUIAKTHKY
Cep/IeuHO-COCYAUCTBIX 3a00/1eBaHNH, 00YC/IOB/IEHHBIX aTePOCKJIEPO30M, UTO CIIACET MHOKECTBO Ue/IOBeUeCKHUX JKI3HEeH.

KiroueBbie cj10Ba: viieMuyeckasi 6onesHs cepna, aucaunugemus, ”uPCSK9, uHKucpas, nenakapceH, bemrieoeBast
KHCJIOTa, IBUHOKYMab, JIOMUTaNu/

HNudopmanys o puHaHCHpOBaHUH. ABTODHI 3asB/ISIIOT 00 OTCYTCTBUM (PMHAHCUPOBAHUS.

© O6benkosa H.1O., Ycauesa [I.H., Mans I.C., O6benkoB E.T., 2024
This work is licensed under a Creative Commons Attribution 4.0 International License
https://creativecommons.org/licenses/by-nc/4.0/legalcode
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Hypolypidemic therapy in the XXI century: what is new?

Natalya Yu. Ob’edkova g, Diana N. Usacheva ', Galina S. Mal ', Evgenij G. Ob’edkov

Kursk State Medical University, Kursk, Russian Federation
< obedkovany@kursksmu.net

Abstract. Relevance. The leading position in mortality throughout the world is occupied by cardiovascular diseases, caused
be atherosclerosis process. Statins used to be the gold standard of lipid-lowering therapy for a long time due to their high efficacy,
optimal tolerance and safety. Nowadays it has been proved that statins reduce low-density lipoprotein levels in high doses by
more than 50 %, in medium doses for about 30—49 %. However, often achieving the target level of lipoproteins is not possible
due to a variety of reasons, what became a motivation for creating new drugs. The evidence base for the newest lipid-lowering
drugs, some of which have already been approved for clinical use according to the publications in the scientific databases
Scopus, PubMed, Web of Science for last 10 years. Main results of the most significant clinical trials of drugs’ effectiveness
and safety are described including medicines: alirocumab, inclisiran, bococizumab, pelacarsen, mipomersen, bempedoic acid,
lomitapide, evinocumab and also methods of therapeutic lipoprotein apheresis. Dyslipidemia pathogenetic points are considered
like inhibition of proprotein convertase subtilisin-kexin type 9, suppression of genes synthesizing lipoprotein (a) by antisense
oligonucleotides, cholesterol synthesis suppression by inactivation of adenosine triphosphate-citrate lyase enzyme; the action
of microsomal inhibitors of triglyceride transfer protein. Conclusion. Searching for new lipid-lowering rational regimens is still
ongoing, therefore it is necessary to carefully analyze effectiveness and safety profile for the newest drugs. Some of them like
inhibition of proprotein convertase subtilisin-kexin type 9 are actively used in medicine today, while others, the most promising,
will be in the future. Ensuring of atherogenic lipoproteins complete control will subsequently make a significant contribution to
the primary and secondary cardiovascular diseases prevention, which will save many human lives.

Keywords: coronary heart disease, dyslipidemia, iPCSK9, inclisiran, pelacarsen, bempedoic acid, evinocumab, lomitapide
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BeepneHue

Ha npoTsikeHuu AJIUTeIbHOTO BpeMeHH! CTaTu-
Hbl CUATA/IUCh 30/I0TBIM CTaHZAPTOM TMIOIUNUe-
MUUeCKOW Teparuu, OAHAKO JOCTKeHHe LieieBbIX
3HAaYeHUW aTepOTreHHbBIX JTUIONMPOTEeNHOB HU3KOU
TIJIOTHOCTU He Bceryia ObII0 BO3MOKHBIM B TTOTHOU
Mepe MpY MOHOTeparyy fpernapaTaMu JaHHOTO Kj1acca
BBU/Iy HeJJOCTaTOuHOU 3(h(peKTUBHOCTH y MALIUeHTOB
C ompe/ie/ieHHbIMU UHVBHU/Ya/IbHBIMU 0COOHHOCTSMU
MeTab0/M3Ma, a TaK>Ke TI0SIBJIEHHEM HeyKeJlaTe/TbHbIX
MOOOYHBIX SIBIEHUIA, HallpUMep, MUA/ITX U BbIPaXKeH-
HOT'0 TIOBBILIIEHHS] TPAHCAMUHA3, UYTO B KOHEUHOM HUTOTe
MOC/TY)KAIO MOTUBALMEH /1711 yUeHbIX MHOTHX CTPaH Jijisi
CO3/IaHUSI HOBBIX I'PYTIN TIperapaToB ¥ ONMTUMU3aL[u1
TUMNOUTIHAEeMUUe CKOW TeparnyH C LieJTbI0 MOBbILLIEeHUS
ee a¢pdextuBHOCTH [1]. Tak, uccienoBaHus JBOUHOMN
KOMOMHaIMii ¢ o6aBIeHreM HHruouTopa abcopouym
X0JIeCTePUHA 33€TUMUOOM TTOMOIJIH [IOTIO/THUTE/TEHO
CHU3UTh 3HaUEHUE XO0JIeCTePHHA JIMTIONIPOTEUHOB HHU3-
ko1 tutoTHOCTU (XC-JITTHIT) Ha 15 %, a npruMeHeHUe
TPOWHOM Tepanuu C MOJIEKY/ISIPHO-TeHeTUYe CKUM
TperapaToM — UHrMOUTOPOM MPOIPOTEUHOBOM KOHBEp-
Ta3bl CyoTHMM3UH/KeKCcHH THra 9 (MPCSK9) — B cBoro
ouepenb fano 85 %-Hoe CHUKeHUe UCXONHOTO YPOBHS
aTeporeHHbIX JTUIMONPOTENHOB. [JaHHbIe yCrexy Mociy-
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KU CTapTOM /IJ1sl TIOUCKA HOBBIX, 00J1e€ ONMTUMabHbIX
Y 'HHOBAI[MOHHBLIX KOMOWHaIW [2].

NHrnéutopbl PCSK9:
HOBas apa rMNONUNUAEMUYECKON Tepanuu

[Ipenapats!l rpynnel uPCSK9, oTKphITEIE CO-
BMeCTHO I'pyIIol yueHsIx U3 Kanazas! u ®pannuy,
TMpe/iCTaB/IeHb] B BI/e MTOTHOCTBIO UejioBeyeCKux Mo-
HOKJ/IOHA/IbHBIX aHTUTeJI. [lepBbIM 3aperucTprpoBaH-
HBIM TIpe/ICTaBUTe/IeM JAHHOTO K/lacca, 000peHHbIM
Food and Drug Administration (FDA) B 2015 roay,
CTaJi 3BOI0OKyMa0, UTo MOCTyKU/I0 HauasioM HOBOM 3Pbl
B TUIONUIKAeMUYeckor Tepanuu [3]. @apmakoarHa-
MHKa XapaKTepu3yeTCsi UHTePeCHbIM MeXaHU3MOM:
CHW)XeHMUe YPOBHS X0JleCTepUHa B IJla3Me KPOBU
OCYIIIeCTB/ISIeTCS TTyTeM UHrHOMpoBaHus epMeHTa
TIPOTIPOTEMHOBOM KOHBepTa3bl CyOTHUIN3UH/KEKCHH
tuna 9 (PCSK9) u nocneayoieit HeJOMyCTUMOCTH
ero CBfI3bIBaHUsI C PeLielITOPOM JIMITONPOTENHOB HU3KOM
IJIOTHOCTH, 3a CYEeT Yero npejoTBpalaeTcs BHyTPH-
KJleTOyHas gerpazganus perjentopos K XC-JITTHII
Y JlaJibHeMIlas yTUIN3aLus aTepOreHHbIX (paKLuii
JIMTIOTIPOTEMHOB He BCTpeyaeT MPensaTCTBUN CO CTO-
POHBI IAHHOM KOHBepTa3bl [4]. OcobeHHOCTH Ha3Ha-
yeHus nperaparoB u3 rpynnsl ”PCSK9 ripescrap/ieHsl
B Tabsuie 1.
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Tabnuya 1
JlekapcTBeHHble npenapaTbl U3 rpynnbl MPCSK9, 3apernctpupoBaHHbie B Poccun
HasBaHue CtpykTypa dopma Bbinycka [osnpoBaHue MpoTnBONOKasaHua
BO3pacT 60nbHOro o 18
pacTBop Ans o
140 Mr NOAKOXXHO Kakable 2 neT npu reTepo3nroTHoOm
MOHOK/OHaNbHOEe | NMOAKOXHOro BBEEHUS .
9B0JsIOKYMab . Hepenu, unu runepxonecTepuHeMmm;
aHTUTENOo B Wnpuu-pyyKe; 140 mr o
51 Mn 420 Mr pas B MecsiL, BO3pacT A0 12 neT np1M roMO3UroTHOM
rmnepxonecTepuHeMmum
pacTBop Ans
MHAMBWAYaNbHas MOBbILEHHAsn
NOAKOXHOro BBeAeHUst | 75—150 Mr NoaKOXHO Ka)kapble 2
MOHOKNOHanbHoe ) YyBCTBUTENBHOCTb, MEpUOA
Anunpokymab B WUNPUL-PYYKe; 75 Mr Hedenu, unu .
aHTUTeno . 6epeMeHHOCTH U NaKTauum, AEeTCKUA
B1Mn; 300 mr pas B MecsiL B03DACT 10 18 neT
150 MmrB 1 Mn P A ’
Manas pacTtBop ans 284 Mr NogKoXHo, 3aTeM
NOAKOXHOro BBefeHUs | 4Yepes 3 mecsua elle pas 284 MOBbILIEHHAs YyBCTBUTENIbHOCTb K
WHknncupaH | nHtepdepupytowas .
PHK B WUNPpUL-PYYKe; 284 M | Mr NOAKOXHO, fanee — 284 mr npenaparty
B 1,5mn; NOAKOXHO pas B 6 MecsLeB
Table 1
Drugs from the group of iPCSK9, registered in Russia
Title Structure Release form Dosage Contraindications
the patient’s age is under
monoclonal S|ng|.eidose.pref|||ed the usual dose is either 140 mg every 18 years with heterozyggus
Evolocumab : autoinjector; 140 mg hypercholesterolemia;
antibody 2 weeks or 420 mg once a month -
pere 1 ml age up to 12 years with homozygous
hypercholesterolemia
single-dose prefilled the recommended dose is 75-150 R e
e ) L individual hypersensitivity, pregnancy
. monoclonal autoinjector; 75 mg per | mg once every 2 weeks administered : ;
Alirocumab - . and lactation, children under 18
antibody 1 ml subcutaneously, or 300 mg once every
years of age.
150 mg per 1 mn 4 weeks
The recommended dose of Leqvio
small interfering . . is 284 mg administered as a single
. ; ; . prefilled syringe; 284 L . e
Inclisiran ribonucleic acid ma per 1.5 mi- subcutaneous injection: initially, again hypersensitivity to the drug
(siRNA) gper, ! at 3 months, followed by every 6
months

OddekTMBHOCTH ¥ 6€30MMaCHOCTh HOBOTO KJlac-
ca npernaparoB "PCSK9 wn3yyanack ocpesCcTBOM
MHOXKeCTBa PaHAOMU3UPOBAHHBIX KOHTPOJUPYEMBIX
K/IMHUYEe CKUX UCC/Ie[J0BaHUM YUeHbIMU Pa3HbIX CTPaH
B 3aBUCHMOCTH OT OIpeJle/IeHHbIX KIUHUYeCKUX
XapaKTepUCTHUK MalyeHToB. Tak, OHO U3 CaMbIX U3-
BeCTHBIX MCCeloBaHUM no npenaparam nuPCSK9 —
ODYSSEY OUTCOMES — npoBoAu/IoCh C 1ebk
OLIeHKY BJTUSTHUS aJTMPOKyMaba Ha PUCK TOSIB/IEHUS
He’KeJlaTe/IbHbIX CepJedHO-COCYAUCTBIX COOBITHH Y Ma-
LIMEeHTOB, TIePeHeCIINX 0CTPbIM KOPOHAPHBIM CUHAPOM
(OKC). B uccnenoBanyy naiyeHThbl ObUTA pa3/eneHbl
Ha rpymrbl B COOTBETCTBUU C A0O30M CTAaTUHOB, MPU-
HHUMaeMBbIX /10 UCC/IeZl0OBaHUS: BBICOKOMHTEHCHUBHaS,
HU3KOMHTEHCHBHAs! UM yMepeHHas1, a TaKXKe Mal[ieHThl,
He TIpMHUMARoLIYe CTaThHBL. B Xoze uccnefoBaHus
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OCYILIeCTB/ISUIOCH BBeJieHHe anupoKymaba B 103e 75 Mr
WM 1iate6o Kaxkele 1Be Hefenu. [1o pe3ynbraTam
MCC/IeZIOBaHMS Ha CPOKe YeThIpex MecsilieB Habsroze-
HUS1 oTipeZie/UIN CHIDKeHue rokasateseit XC-JIITHIT
Ha 57,2 % B rpyIine BLICOKOMHTEHCUBHOM A03bl, 59,4 %
B IpyIIie HU3KOMHTEHCHUBHOM /I03bI, a Takke Ha 58,7 %
y NaLUeHToB, He IPUHUMABILINX CTaTUHBL. [1py 3TOM
CHWXXeHVEe OTHOCUTE/IbHOTO CepZeYHO-COCYUCTOro
pHCKa MPOoU30IIOo B LiesioM Ha 15 % [5,6].
PanpoMu3mpoBaHHOe KJIMHUYEeCKOe HUCCJIefo-
BaHue PACMAN-AMI c yuactueMm 300 naupeHTOB
MPOBOJAMJIOCH C L|e/IbI0 OLleHKU 3(P()EeKTUBHOCTH
anupokymaba B OTHOLLIEHUM KOPOHApHOIO aTepo-
CKJIep03a U ero B/IMSHUS Ha COCTaB U CTAabUIBHOCTD
KODOHAapHBIX Osisitiek. B rcciefoBaHNM yuacTBOBaIU
MarL¥eHThbl BO3pacToM cTapiile 18 et ¢ ycTaHOB/IeHHOM

KAPOMOJIOT A



Ob’edkova NYu et al. RUDN Journal of Medicine. 2024;28(2)

UIIeMUYeCKOW 00/Ie3HBIO Cep/ilia, YaCTh U3 HUX YXKe
repeHec/a CracUTeIbHOe YpeCKOKHOe KOPOHAapHOe
BMellaTe/bCTBO, a Apyras yacThb MaldeHTOB uMeJia
reMoZlMiHaMHueCKU He 3HaYMMbI CTEHO3 KOPOHAPHBIX
aptepuii B ripeenax 20-50 %. Ypoeens XC-JIITHII,
V3MepeHHbIH /0 TPOBeieHUs] YpeCKO)KHOTO KOPOHAPHO-
r0o BMelllaTe/IbCTBa Y MaljueHToB, He TT0TyuYaBLInX CTa-
OubHYIO [103y CTaTUHA He MeHee 4 Hefle/b, COCTaBU/I
He MeHee 125 Mr/ay1 v He meHee 70 Mr/[/1 y MaLe€HTOB,
TMO/Ty4aBIIMX CTAOUIBHYIO 03y CTaTHHA He MeHee 4-X
Hezenb. B Xoze ucciegoBaHus MaljMeHTHI MOTyua-
i 150 mMr anmpokymaba, BBOJUMOTO MOIKOXKHO pa3
B ZIBe Heziesl, MO0 muiariebo, a Takke po3yBacTaTHH
20 mr exxegHeBHO. [1o pe3ysbraTaM McCCIe0BaHUS
Ha0J/TH0/IaI0Ch CHYDKEHHE TTPOLIEHTHOTO 00bema Osisiiiek
Ha 2,13 % Ha ¢oHe ipuema anvpokymaba u 0,92 %
Ha oHe TprMeHeHUs T1aLe60. [TOMUMO yMeHbITIeHUsT
obbeMa O/TAIIIKY, CielyeT OTMETUTh M CHIPKEHHE YPOBHSI
XC-JITHII. Ucxomnro nokasarens XC-JITTHII coctag-
JIST B cpeiHeM 152,8 mr/aj1, ero CHUXKeHUe B CpeJTHEM
npou3onuio Ha 131,2 Mr/as B rpyrre anupokymaba
1 Ha 76,5 mr/an B rpymnme miate6o. [TokasaTens TpuUr-
JIMLIEpU/0B TaK)Ke CHU3WJ/ICA B cpefHeM Ha 13,2 Mr/fn
B rpyrmrie aMpokyMaba v Ha 15,0 Mr/a B rpyrire ria-
1100 TIpY MCXOIHOM CpPeJJHEM YPOBHE TPHUIJIULIEPH/IOB
109,2 mr/gn. [7].

B gpyrom uccnegosanuu ARCHITECT nipoBo-
[IA/1ach OLIeHKa CTPYKTYPbl U (POPMbI aTepOCKIepo-
THYECKHUX OJISIIIIeK B KODOHAPHBIX apTepusx Ha (oHe
rnpueMa ajaupokymaba y TmarnueHTOB C CeMeifHOU
rurepxosiecTepruHeMUel, He UMEelIUX CUMITTOMOB
uieMyuaeckoli 6ose3nu cepiia. Ha mpotsokenuu 1,5 et
y4acTHUKaM UcciiefloBaHus B KosmdecTBe 104-x mauu-
€HTOB IPOBOAM/IACH Teparvs aJupoKymMaboMm B 103e
150 mr kaxkziple 14 [Hel C yueTOM eXeJHEeBHOro MpreMa
BBICOKOMHTEHCHUBHOM []03bI CTaTHHA C 33eTUMHOOM,
OLIeHKY MOp(0JIOTHY aTepPOCK/IePOTHYECKUX OTIOXKe-
HUW OCYLIECTBJ/IS/IM C TIPUMEHeHeM HEeMHBa3UBHOM
KOMIbIOTepHOM ToMorpaduyeckoi aHruorpadumn
C aHa/IM30M COCTOSIHUSI BCErO KOPOHAPHOIO JiepeBa.
[Tocne 78 Hepenb jieueHust ObIa OTMEUEHa PerpeCccHs
r7100a/1bHOTO0 KOPOHAPHOTO aTepocK/epo3a Ha 4,6 %,
cpenHee cHuwkeHue ypoBHa XC-JIITHII cocraBusio
67,6 %. JJocToBepHOE CHIDKeHHe TI0Ka3aTesiel 0011ero
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X0JieCTepyHa 10 OKOHYaHWM UCC/e/JOBaHUsI COCTaBUIIO
npuMepHo 43,54 %, TpurnuLepusoB — MpUMepHO
15,7 % [8].

3acny>KMBarOT BHUMAaHUS pe3y/bTaThl UCCIef0-
BaHusA ODYSSEY APPRISE, 1je/16t0 KOTOpPOro CTaio
omnpeziesienre 3hHeKTUBHOCTH U 0€30MMaCHOCTH aJTu-
pOKyMaba Zijisl TalieHTOB C TeTepO3UroTHON OpMOit
ceMelHO rurnepxosiecTepruHeMUU. Tepanus amupoKy-
MaboM MPOBOAMIACE B KOMOMHALIMY C MAKCUMAaJTbHO
TIepeHOCHMOM /1030M CTaTHHA, MeJuaHa HaOmoeH st
cocraBuna 72,4+42,5 venenv. biaronpugtHelie TeH/eH-
LMY HAMeyvasrch Yxke C 4-1 HeJle/Ti UCCIe/I0BaHUsT: CHU-
>keHHe KoHLeHTpauyu XC-JITTHIT cocraBuio B cpeHem
17,8 % Kak y maieHTOB C ruriepTpodueii MruoKapza
JIEBOTO Ke/TyJ0uKa, TaK U MPU OTCYTCTBUM JAHHOTO M0~
paxenust. Ha 48-i1 Heziene vicciefoBaHust HAOMOAIOChH
cawkenre XC-JITTHII Ha 68,5 % cpenu naijieHTOB,
TMOJIy4YarolMX CTaTUHbI B BHICOKOMHTEHCUBHOM [103€,
TIOMUMO a/iMpokyMaba. OfHako 00eCTIOKOUBAKOIINM
AB/IsIeTCsT (DaKT O UaCTOTe HerKeJlaTeTbHbIX TTOOOUHBIX
3¢ deKToB Tepanuu: JaHHBIN TTOKa3aTesb 3a)UKCHPO-
BaH Ha ypoBHe 15,8 %, cpeau HarboJsiee YacThIX ObLTH
Ha3BaHbLI MUAJITUS U acTeHus [9].

OTHOCHTE/TEHO HOBBIM MPefCTaBUTe/IeM PYIIIbI
“PCSKO9, umeronmm WHOM MeXaHWU3M JeiCTBYs, BJIs-
eTCsl MTHHOBAL|MOHHBIM NpenapaT UHK/IMCUPaH, PUHLIUI
ero paboThI CBsi3aH € yrHeTeHWeM TpaHcsiuu PCSK9
3a cuetr PHK-unTepdepenuyu. IHKmicupaH criocobeH
MPOHUKATh B 3HA0COMBI U IeTIOHUPOBATHCS B KIETKaX
TieyeHu C Mo C/Ie[yOIIUM MTOCTeTIeHHbIM BEICBOOOXKe-
HUeM HaKOIJIEHHOT O TIperapara B LIUTO30/1b TelaToLuTa.
B panbHelilem Harpas/isitoLLas Lielb Mpernapara B3a-
umogelicteyet ¢ PHK-uHIyLMpyeMbIM KOMILJIEKCOM
WHAKTHBALY reHa. Takum 06pa3om, 0CHOBHBIM KOMITO-
HeHTOM PHK-uHTepdepeHINU SBSIETCS TOPMOXKEHHe
CUHTeTHUeCKUX rporieccoB b6emka PCSK9 B kieTkax
TeyeHH Tiepe/] Mporeccamu cOOpKH hepmMeHTa, 3TO
BeJleT K JleaKTUBAI[MU KOHBepPTa3bl U JlajbHenen
YTUIM3aL[M|1 aTepOTreHHbIX JITIONPOTenHOB [4, 10].

[Tpenapar MHK/IXCHPaH Ha JaHHbIA MOMEHT 3ape-
TUCTPUPOBAH MpruMepHo B 60 cTpaHax, cpeaiy MepBbIX
Coepunennbie Tatel Amepuku (CILA), Bemko6pu-
TaHus U ctpanbl EBpornbl. B Poccutickoit ®efepanmn
ripernapar 3apeructpuposad 13.04.2022 r. Beimyck paH-
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HOT'0 JIeKapCTBEHHOTO CPe/ICTBa OCYILeCTB/ISIeTCs B BU/e
3aro/IHeHHOTO LUTPHULIA /17151 OCYLLeCTB/IEHUS MTOJKOXKHOM
uHbeKIMU. PacTBOp 06beMoM 1,5 M1 coziep>xuTt B cebe
284 mr npenapara. BBesieHne ocylieCcTBAsieTCS OAHO-
KpaTHo. [Toceayrolue 1036l UHK/IMCHMPaHa BBOJATCS
yepe3 3 Mecs1a, a 3aTeM Kaxk/ible 6 MecsiieB [4].

Nuknucupan 3¢ ¢deKTrBeH Npy UCII0Ib30BaHUN
y MaIjeHToB C CeMeWHOW rurepxojiecTepruHeMyen.
ManHoe 3abosieBaHMe XapaKTepH3yeTCsl ayTOCOMHO-
JIOMUHAHTHBIM THUTIOM Hac/e[j0BaHusI U 00yC/IOBIEHO
HerocpeCTBeHHO AiedekToM B cTpykType reHa PCSKO,
YTO MPUBOJUT K BBICOKOW aKTUBHOCTHU MPOINPOTEMHO-
BOM KOHBepTa3sbl. CemeliHasi rUIepxoJieCTepruHeMUst
CyLLeCTBYyeT B /IByX BapHUaHTax: OTHOCUTEJIbHAS JIeTKast
rerepo3urotHasi popma u Hosee TspKesasi TOMO3UTOTHasI
dopma [11, 12]. Ocob6eHHOCTHIO JAHHBIX TEHOTHIIOB
SIB/ISIeTCs] peXXeBpeMeHHOoe pa3BUTHe aTepoCKiepos3a
U CepieyHO-COCYAUCTRIX 3ab0/1eBaHMMA, TIPUBO/SIINX
K BBICOKOW CMEPTHOCTHU B OTHOCUTEJ/IbHO MOJIO[0M
BO3pacTe Ha (OHe JJUTENbHOW rUIepxoecTepruHe-
My [12, 13]. B oTHoIIeHHH O0/ILHBIX C TOMO3UIOT-
HOU opmoi 3¢(eKTHBHOCTh JOCTAaTOYHO HeryIoXasi:
B CBSI3U C JIe(HLIMTOM KCTIPeCCHH perierntopa 0coboii
CTPYKTYPbI Hab/Tr0/iaeMble pe3yJibTaThl Tepartui MHKITU-
crpaHoMm XC-JITTHII Ha ypoBHe 30—40 % cHWXeHUS
OT MepBOHAYaIbHOTO YPOBHS, [/Is1 T€TePO3UTOTHOMN
(opMbI ceMelHOI runepxosiecTepuHeMUN pe3y/ibTar
TI0 MOKAa3aTeso aTeporeHHbIX (PpaKLiyii TUIONPOTENHOB
3HAUUTe/ILHO BhItIe [11].

I'pynna yueHsix U3 benopyccuu nposesa uc-
criefjoBaHMe T10 OLieHKe TepareBTHYecKoro s¢¢ekra
WHK/IMCHUPAaHA Ha MpeJMeT BO3MOXKHOIO0 CHUKEeHUS
ypoBHsi XC-JITTHII B cBsA3U C HejoCcTaToOuHOM 3¢ dek-
TUBHOCTBI0 KOMOMHMPOBAHHOM Teparnuy po3yBacTaTHHA
¥ 33eTUMHKOA. VIHK/IMCHUpPaH NPUMEHSITH B KaueCTBe BTO-
PUUHOW NPOQYUIAKTUKH /151 TALIMEHTOB, CTPAJAr0IIUX
CeMelHOM rurnepxosiecTepuHeMyeld, reHepaav30BaHHbIM
aTepoCK/1epo30M, UMEIOLMX B aHaMHe3e MH(apKT MHO-
Kap/ia 1 3M130/bl HecTabWIbHOM cTeHOKapauu. OrjeHKa
ypoBHs XC-JIITHII B cbIBOpOTKe KPOBU MPOBOAMIACE
yepe3 1 MecsL| IOC/Ie BBe/leHUs IIperiapara, 3areM uepes
31 9 mecsieB. CornacHo pe3yabraram UCCIeI0BaHUS
rocJie BBe/leHUs] MHK/IMCUPaHa yke yepes3 3 MecsLa
Habmopanocs cHwkeHne XC-JITTHIT B yia3me KpoBH
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6osee, ueM Ha 50 % OT UCXOJHBIX 3HAUEHUH, TIPH STOM
B TeyeHHe BCEero nepro/a HaboAeHus 3HaUMMBbIX T10-
00uHBIX 3(PEKTOB B OTBET Ha TPEXKOMIIOHEHTHYIO Te-
panuto He ObIIO BLIIBIIEHO [4]. B 3TOM CBA3M JIOTHUHBIM
BCTaeT BOMpoc 00 3¢(eKTUBHOCTH U TIOC/IeACTBUSIX
JJTUTENIBHOTO TIpUeMa UHK/IMCUPAaHa.

C 1enbro OLIeHKU BO3MOXKHBIX OTAa/IeHHbIX TIOC/Ie]-
CTBWH JI/TUTEILHOTO MPUMeHeHUsI MHK/TMCUPaHa ObLIo
ripoBeieHo uccnenosanve ORION-3 fmvuTebHOCTBIO
4 roga, KOTOpOe Tpe/CcTaB/isieT OO0 JIoruyecKoe
npono/keHue ucciaenosanuss ORION-1: B nenom
Bce uccnenoBanust ORION ripeacraBnsitoT cob6oi psif,
PaH/IOMU3UPOBAHHBIX T1/1a1e00-KOHTPOJUPYEMBIX
K/IMHUUEeCKUX UCTTBITaHUH, 00beHEeHHBIX LIeJIbI0 U3y-
yeHUs1 3PPeKTUBHOCTU NIPUMEHEHHs Pa3/TMUHBIX CXeM
TUIMOJIMIUeMAYecKkoi Tepanuu [14]. [Ins npoBegeHus
pacimpenHoro uccienoBanuss ORION-3 6b1tH chop-
MHPOBAaHBI [iBe TPYNIIb] U3 MalMeHTOB: B OfHY U3 HUX
BXOJIUJIU UCC/eyeMble, KOTOPbIM OCYILeCTB/IsSI/IaCh
Tepanusi THK/IMCUPaHOM Ha MIPOTSKeHUH OJHOTO rofia
(uccnegoBanrie ORION-1). o konia ORION-3 nam-
€HTbI JAHHOW IPYIIbI MOTyYa/iv MOAKOKHbIE MHBEKLIN
VMHK/IMcUpaHa Hatpus B go3e 300 mr. Bropas rpymra
BKJIIOYasia B cebs MaljueHToB, MOMyYaBIIKX 1yiarebo
B xo7ie ORION-1 (1 rog), ux nepeBesid Ha 3BOIOKY-
Mab B f103e 140 mr Kaxkzable 2 Hegenu 10 360-To AHS
ucciaegosanusa ORION-3, 3aTeM — Ha UHK/IMCUPAH
[iBa pa3a B Iofl B TeUeHHe OCTaBILIerocsi BpeMeHH UC-
cnefoBaHusl. B kauecTBe epBUYHON KOHEUHOUW TOUKU
BBICTYyMa/10 CHKeHre ypoBHs XC-JIITHII B mporjeHTax
Npy NpYMMEeHeHUU MHKJIMCUPaHa ¢ Hayasa rnpruemMa uc-
cnenoBanust ORION-1 g0 210-ro gast ha3bl IpoasieHNs
ORION-3. BTOpruYHOI KOHEYHOM TOUKOU SIBMISIIOCH
He TOJIBKO orpefienieHue yposHs JIITHII, HO u ypoBeHb
koHLeHTpaLmy PCSK9 no 1440-ro gus. [1o pe3yasraram
WCCJIelOBaHNs, YPOBEHb JIMIW/OB B KPOBH y NaljeH-
TOB, IPUHUMAaBILIUX TOJBKO UHK/IUCHPAaH, CHU3UJ/ICS
Ha 47,5 % K 210-My OHIO U COXPAHS/ICS B TeUEeHUE
BCero rccaenoBanus. CpefiHee CHU)KeHHEe YPOBHS XO-
JiecTepuHa 3a 4 rozfa coctaBumno 44,2 %, a CHIKeHHe
KoHL[eHTpauuu PCSK9 BaperpoBasiocs B npezesax
62,2-77,8 %. Y 1 % (3 u3 284 y4aCTHUKORB) BO3HUKA/IN
1o60uHbIe 3 (EKTHI B BUZI€ BLIPAKEHHOTO MTOBBILIIEHUST
YPOBHS$I IIeueHOYHbIX (pepmeHTOB [15].
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Hpyroe nBoiiHOoe cremnoe ucciesoBaHre ORION-9,
TaK’Ke TIOCBSILEHHOe JTUTEe/IbHOM Teparnuy rnpemnapa-
TOM HMHKJIMCUPAH, YYaCTHUKaMU KOTOPOro cTamu 482
B3POC/IbIX MALMeHTa, CTPaJarol1X ITeTepO3UrOTHON
ryurnepxosiecTepruHeMuen, MPOBOLUIOCH C LieJIbI0
CpaBHeHWUsI IeliCTBUS MHK/IMCHpaHa B go3e 300 mr
u yiate6o. B KayecTBe KOHEYHBIX TOUEK BBICTYIIA/IN
n3MmeHeHue yposHs XC-JIITHII B nporieHTax OT UCXO[-
HOro ypoBHsi Ha 510-1i IeHb U MPOLIEHTHOE U3MeHEeHUe
noka3aresieii ypoBHst XC-JITTHIT oT ncxofHOTO YPOBHS,
CKOPPEKTHMPOBaHHOe M0 BpemeHU Mexay 90-m u 540-m
gusvu. Takum ob6pa3om, Ha 510-i JeHb CHIDKeHHe
yposHs1 XC-JITTHIT coctaBuino 39,7 %, a npoLieHTHOe
cHwkenre XC-JITTHIT mexxay 50-m u 540-m gHAMU
coctaBuo 38,1 % [12]. B gpyrom nmogo6HoM uccieno-
BaHu¥ ORION-11, rae npunsm yuactre 203 B3pOC/IBbIX
naryieHTa ¢ reTepO3UroTOHOM rurepxosecTepuHeMyen
1 WIlIeMrYecKoli 060/1e3HBI0 cepzilia, Ha (hOHe TBOMHOTO
MHTMOMPOBaHKS XO/IeCTePHHA CTaTHHOM B BBICOKOIA 103€
Y MHK/IMCUPAHOM Ha0O/TI0Ia/I0Ch He TOJTBKO CHIDKEeHUe
ypoBHs xosiecteprHa XC-JITTHII B cpennem Ha 41,0 %,
HO U CHIKeHHe anosunonpoTtenHa B Ha 34,8 %, ogHa-
KO c/leiyeT OTMEeTHUTh, uTo 3a 510 JHell nprUMeHeHH s
KOMOUWHAaIuM ObLTM OTMeueHbI TT060UHbIe 3D (eKThI
B MeCTe MHBbEeKLIUY Tperapara B BUZe 3y/a, SpUTeMbl
Y cbinu [16].

B ciyyae Takux 3aboneBaHWH, Kak ceMeiiHas TH-
TiepxoJieCTePUHEMUs], JIOTUUHBIM Oy7ieT Mpe/rioioyKeHre
0 Hauasie Teparvu B Oosiee paHHEM Bo3pacTe B Kaue-
ctBe 6osee 3 peKTUBHOI BTOPUYHOM TIPOPUIAKTHUKY.
Otomy ObLTH MOCBALEeHbI UccienoBaHuss ORION-13
1 ORION-16 — oueHke 3¢)()eKTUBHOCTH, TTEPEHOCH-
MOCTH 1 6€301MaCHOCTH UHK/IMCHPaHa y MOJPOCTKOB,
CTPa/IatoINX TOMO3UTOTHOM CeMelHOM rurepxosiecre-
punemueid (ORION-13) uam reTepo3UroTHOM CeMeHOM
runepxonectepuHeMueli (ORION-16). [ToaTBepskaeHue
[IAarHO30B Y YYaCTHUKOB HCCJIeJ0BaHUs OCYILeCT-
BJISVIOCH C TIOMOILBIO TeHeTUUECKOT0 TeCTUPOBaHMUS.
B xope uccnenoBaHus NpoBOAU/IACh OLIeHKA TepareBTH-
yeckoro 3¢ ¢deKra MHK/IMCUpaHa Mo CPAaBHEHUIO C I/1a-
11e00 Ha pa3/TMUHbIX CPOKAX JiedeHHs], TaKUM 00pa3omM
B uccienoBanu ORION-13 Hab/moanoch CHIDKeHNE
ypoBHs XC-JIITHIT Ha 20 %, a B8 ORION-16 Ha 50 %
OT UCXOAHOro YpoBHA K 330-My AHIO Teparnuu [17].

CARDIOLOGY

[pyroii ”HHOBaLIMOHHBIM TUMOUITUAEMUYe CKUM
nipentapar 13 rpymisl ”PCSK9 6okor3ymab npecras-
nsieT co00l XMMepHOe aHTHUTeJIO0, BK/ItoYatolee B ceost
3 % MBIIIMHBIX TeHeTUYEeCKUX TT0C/Ie/I0BaTe/IbHOCTEM.
ITo pe3ynsraram uccienosanusi SPIRE crasno n3BecTHO
00 accoLMMPOBAHHOM C TIPUEMOM TIperapaTa BbIpaboTKe
BBICOKHMX TUTPOB aHTUTEJI, UYTO B CBOIO OUepe]b BefeT
K 3HauUMTe/IbHOMY 0C/1abnenuro ¢ dexra bokormsymada.
Wccnenosanue, npoBogumoe Paul M Ridker c konnera-
MH, U3yuaso 3(pHeKTUBHOCTE Mpemnapara, pUMeHsieMo-
ro B BU/Ie NTOAKOXHBIX UHBeKIUH B Zio3e 150 Mr y 27438
MalMeHTOB C BBICOKUM CEPJEeYHO-COCYAUCTBIM PHUCKOM.
CoracHo pe3y/abTaTaM, yepe3 14 Hezesib HaO/FOAAMOCH
CHWKeHUe ypoBHs XojiectepuHa JIITHIT B cpeguem
Ha 56 %. Ho B noaTBep)kieHre JaHHBIM UCC/Ie0BaHusA
SPIRE, uepe3 104 Hezpenu uccnenoBanus 3¢ deKTrB-
HOCTb O0Ko1M3ymaba cHu3uIock 1o 38,3 %. I1o aToi
Npu4rHe ObIJIO0 MPUHSATO pellleHre O MpeKpaleHu!
JayibHeHIero ucciegoBanus 6okormsymada [18, 19].

AHTUCMBbICNOBbIE OJINTrOHYKJ1eoTnabl

B norckax HOBBIX TOUEK MapKepOB JUTIHUIHOTO
oOMeHa ¥ TOueK MPUIKEeHHST TUTIOUITHIeMUYe CKUX
TiperapaToB ObUIO MPOBEEHO MHOTO3THUYECKOE UC-
cnepoBanue Rikhi R c kosieramu ¢ yuactuem 4585
MaLeHToB B TeueHue 13,4 ieT, mo pe3ysibraraM KOTO-
poro ObUT C/1e/1aH BLIBOJ, O TOM, UTO YBeJIMUEeHHe PUCKA
Pa3BUTHSI CEP/IEUHO-COCYAUCTBIX 3a00/IeBaHUM B3au-
MOCBSI3aHO C yBeJTMUeHNeM IToKa3aTe/iel JTUIoNpoTerHa
A (JIr(a)) B CbIBOPOTKE KPOBU, HE3aBUCUMO OT UCXO[-
HbIx 1ioka3aresiedt XC-JITTHIT B kpoBw. I1o pe3ynsraTtam
uccnenoBanus Kaiser Y. et al., mpoBoAUMOro ¢ yuactiem
191 naieHTa, CTpafaroIIUX aTePOCKIePOTUYECKUM
TIopa’keHHeM KOPOHAPHBIX COCYAOB, ObUT C/le/IaH BbIBOJ,
YTO BBICOKUI YpOBeHb JIri(a) B CbIBOPOTKE KPOBH CITO-
cobcTByeT 60/1ee MHTEHCUBHOMY TIPOTPeCCHUPOBAHUIO
aTepOCK/IepOTHUECKUX OIAIIEK Y Mal[ieHTOB, HECMOTPS
Ha NMpruMeHeHHe NpodUIaKTUeCKOM Teparvy B COOT-
BETCTBUM C KJTMHUYECKUMU pekoMeH/jaiusmu [20].

N3BecTHO, uTO X0necTepuH JIri(a) npezacTas/sieT
coboii coeguHenue, cxoxkee ¢ XC-JITTHIT u cocTo-
siijee U3 JUMONPOTenHa, KOBaJIeHTHO CBSI3aHHOTO
(c momotbio ANCYIb(MUAHON CBA3M) C arlONPOTENHOM
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B-100, uTo fenaeT ero yHUKaAbHBIM I10 CTPYKType
munonipoterHoM [20]. JIn(a) obsagaeT aTeporeHHbI-
MU, TIPOTPOMOOTHYE CKUMU, TTPOBOCTIATUTETbHBIMU
Y TIPOOKCH/IAHTHBIMHU CBOMCTBAaMH, UTO 00y CIOBIEHO
ero CTpyKTypo# [21, 22]. Takke yHUKaIbHOCTB JIm(a)
3aKJI0YaeTCsl B TOM, UTO €ro KOHLIEHTPALYsl B CbIBOPOTKE
KDOBH SIBJISIETCSI TeHeTUUYeCKH 00yC/I0B/IeHHOM OoJtee
yeM Ha 90 % u onpefiessieTcs pa3mepoM rexa Jim(a),
TIPY 3TOM MEHBIIIKE T10 pa3Mepy U30(hopMbI CIIOCOO-
CTBYIOT O0Jiee IHTEHCUBHOU CKOPOCTH CUHTeTUYe CKUX
niporjeccos JIm(a), a u3MeHeHue oOpasa KU3HU (gue-
Ta, pU3nMUecKre yIpakKHeHUs U Jp.) Hea(hPeKTUBHbI
B cHIbkeHuu ypoBHs JIri(a) [20, 21, 22]. Yposens Jlri(a)
B CbIBOPOTKE KPOBHU OIpeJensieTCss CKOPOCTbIO CHUH-
Te3a aroJIMIOoINpoOTerMHa A, UTO U 3aMHTEPeCcoBaso
MHOTHX HccienoBaresient [21]. Ha gaHHbBIM MOMEHT
COCTOsSIHME TUIMEePIUTIONIPOTEMHEMUM OTIpefensieTcs
Kak ypoBeHb JIr(a)> 50 mr/an B EBporie u >30 mr/an
B CIIIA [21].

OpHUM 13 epCreKTUBHBIX HAlpaB/ieHWH TUIO/HU-
MUeMUUeCcKol Tepanvy Ha JaHHbIM MOMEHT SIB/ISIETCS
Tepanusi aHTUCMBICTIOBBIMU OJTUTOHYK/IE0TU/IaMU: CUH-
TeTHYecKas ofHoLernoueyHast Kopotkas JHK gauHom
B 15-20 HyKJIeOTH/IOB HarpaBjeHa Ha MaTPUUYHYIO
pubyHykneuHoByto kuciaory (MPHK) knetku. [TaH-
Hasl Teparusl SIBISeTCS BbICOKOCTIeIUUIHOM, Tak
KakK 3a CYeT B3aUMOJENCTBUS a30TUCThIX OCHOBaHUM
T10 TIPUHLIMITY KOMILJIEMEHTapHOCTH MPOUCXOJUT UHAK-
THBALIMSI KOHKPETHOTO T'eHa, CUHTEe3UPYHOLero KOHKpeT-
HBII OeJIOK, 3a CUeT pacliierieHrs SHA0PHUOOHYKTea3oi
PHKas3oi1 HI [20,23]. TIpu 3TOM aHTHUCMBIC/IOBAsI LieTlh
Je30KcupruboHyKIenHoBOM KucnoTel (JJHK) siBnsieTcst
MeHee BOCIIPUMMUYMBOM K TIpOLieccaM paclieryieHus,
MOTOMY TIPaKTH4eCKH OecrpernsaTCTBeHHO CIoCcoOHa
Tpofo/KaTh cBs3biBaThcsi ¢ MPHK [23].

Ipenapar nesakapceH (ACKEA-Apo (a)—L, ), paH-
Hee U3BeCTHbIH Kak ISIS 681257 nmm IONIS-Apo (a)-L,,
TIPe/ICTaB/IsIeT COO0M aHTHCMBIC/IOBOM OJTATOHYK/TEOTH/,
BTOPOIO TIOKOJIeHUSsT I/TMHOM /10 30 a30TUCTBIX OCHOBa-
Hui1 [21, 23]. B cBoeM cocTaBe COEep>KUAT TPUPYHKLIY-
OHaJIbHY10 MoJieKyny N-auetunranakrosamuyHa. [lesna-
KapceH CrocobeH ObICTPO TOITIOL[ATECS PeLeNTTOPHBIM
anraparoM a3va/IMKONPOTerHa, KOTOPbIN JIOKa/IU3yeTCs
Ha MeMOpaHe rernaroLyTOB, CHHTe3HUPYIOIIUX arioJiu-
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nioripoterH A [21]. TIpernapar ocyiiecTB/sieT HHIMOU-
pOBaHHe CUHTe3a MOJIEKY/T arlo/IUIONpPOoTenHa A, TeM
caMbIM CHU>Kast ypoBeHb JIr(a) v 3ame/i/isisi pa3BUTHe
CepAeuHO-COCYTUCTIX 3a00/1eBaHMIA, TAKMX KaK UIIIeMU-
yeckast 0osie3Hb cepyiia, 3aboeBaHye TiepuhepuieCcKIx
apTepuii, UHCY/IBT, KaJbIU(UKAIs KIallaHoB Cep/iia,
aHeBpU3Ma OPIOILIHOM YacTH a0pThI Y JTFOZIEH, CTPaJAFOIIMX
TUTep/MIonpoTerHeMuei (a) [22]. OcoGeHHOCTBIO Takok
Teparuu sIB/ISIeTCs BbICOKast CIeLM(UUHOCTb U CeTeKTHB-
HOCTB, TaK Kak OHa Haripas/ieHa Ha PHK, ocyiuectsiiss
reHeTHYeCKoe To/jaBieHre reHa JIm(a). Heob6xogumo
YUMTBIBAaTh, UTO MOJIEKY/Ia MPOJIEKApPCTBa MelakapceHa
He 00/1a/1aeT Takol BBICOKOM CrieriruHOCTRIO [20].

AHTUCMBIC/IOBOM OJIUTOHYK/IEOTHJ, T1eJlakapCeH
npezicTaB/sieT co00M camoe HanbosIee U3yUeHHOE U KITH-
HUUECKH MPUMeHsieMoe TeparneBTHUYeCKOoe CpeZiCTBO
U3 laHHOM rpymrbl. [To JaHHBIM MHOTHX MCC/IeJOBaHUM
ObLT CAiesIaH BBIBOJ, UTO eXKeMeCsTUHOe MHBEKLIMOHHOe
BBe/leHHe OFJHOKPaTHOM 103kl TIperapara JaeT CHUKe-
Huye nokasaresns JIn(a) 6osee uem Ha 95 %. I1pemnapar
XapaKTepu3yeTcs AIUTebHbIM MIepUOIoM Tonypacriaza
(3—4 Hepenn), a ero MakCMMa/lbHbIN PEXXUM MTpUemMa
coctasssieT 60 Mr Kaxkable 4 Hegenu [23].

B oanom u3 uccnegoBanuii daswl 2 Nicholas J.
Viney c kossieraMy aHau3upoBanu 3GPeKTUBHOCTh
TrejlakapceHa Mpy TUIeprIonpoTenHeMud y 58 mna-
L[MeHTOB. B Xoze vccnenoBaHusi IPUMEHSIIA TeParvio
c IONIS-Apo (a)-R_(mMonekyna mnpejiiecTBeHHULIA
nenakapcena) u [IONIS-Apo (a) — L (mes1akapcen)
MHOTOKpaTHbIMM BO3pacTarimmmu go3amu (10, 20,
40 mr) u muiaue6o. K 36-my [HIO TIpenapat CHU3U/
ypoBeHb JIr(a) B CHIBOPOTKE KPOBH /I03a3aBUCUMbBIM
obpa3om, B cpesiHeM Ha 66-92 %. TIpu 3TOM Meakap-
CeH He BBI3bIBa/I MOOOUHBIX 3(PPeKTOB, TeEM CaMbIM
TIO/ITBEPyK/1asi CBOFO Oe30MacHOCTh B MpUuMeHeHuu [21].

B opHOM 13 paH0MU3UPOBaHHBIX KOHTPOIUPY-
eMbIX MCC/iefloBaHuH, MpoBoAuMoM Sotirios Tsimikas
C KOoJuleramu, u3yudaau YpoBHM xosnectepuHa JImn(a)
u XC-JIITHII nog BivsgHMeM nenakapceHa. Mccneno-
BaHUe MPOBOJWIOCH B TeUueHHe 6 MecsLeB C yuaCcTheM
286 malLueHTOB C U3HayaabHO MOBLIIIEHHBIM YDOBHEM
JIr(a) v IMEFOIIX CepJIeYHO-COCYTUCTRIE 3a00IeBaHNs
B aHamHe3e. JleueHue Mal¥eHTOB MTPOBOJUIOCH C MPH-
MEeHEeHUEM TeflakapceHa B J03upoBKax 20 mr, 40 mr win
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60 Mr kaxkable 4 Hefienu; 20 Mr Kakzpble 2 HeJle/Id; Uin
20 Mr KaXkK/1yro HeZlesTio, a Takke miarje6o. B kauecTse
MepPBUYHOM KOHEUHOW TOUKM BBICTYTIA/IO OTpe/ie/ieHue
M3MeHeHuI rnokasaresel JIr(a) OT MCXOAHOTO YPOBHS
B TMPOL|eHTaxX K 6-My MecsLy JeueHus TpernapaTroM.
bbuty nosyueHsl C/iefyroLue pe3yabTaThl: CHIYKeHNe
JIn(a) no cpaBHEHUO C UCXOAHBIM B CpeJHEM COCTaBHUIIO
35 % (mipu fo3e npenapar 20 Mr Kakzble 4 Heflenn),
56 % (ripu fo3e nipenapara 40 Mr Kaxkable 4 HeJienn),
58 % (mipu 103e Tiperniapara 20 Mr KaXkzibie 2 HeJienn),
72 % (ripu mo3e nipenapara 60 Mr Kaxkzble 2 Hefle/n)
u 80 % (mipu fj03e miperapaTa 20 Mr KaXKAy0 HeJeto)
[24].

B HeKoTOpbIX UCC/IeJ0BaHUSX BCE K€ YAaa0Ch Bbl-
SIBUTH TI0O0UHBIE 3()(heKThI TPUMeHEeHHs TeJlakapCeHa,
HanboJsiee YaCTHIMHU U3 KOTOPBIX SIBJISTUCH IPUTEMa
B MeCTe UHBEKI[UH, MUAJITUSI, TPUTITIONO00HbIN CHH-
JIpoM, MH(EKIMH MOUYeBBLIBOAIINX My Teid. Hexkearesin-
Hble SIB/IeHUsI He 3aBUCeJTH OT UCTI0Nb3yeMOoM /103bI [24].

Ocoboe 3HaueHue OyayT uMeThb pe3yabTarhl [11
(a3bl IpoJoJIKAIOIerocs B HaCTOSIAN MOMEHT
PaHZOMH3UPOBAHHOTO KJIMHUUECKOTO UCCeJ0BaHUs
HORIZON c yuactvem 8323 yesioBek, HauaToe B Jie-
kabpe 2019 roga c uenbto u3ydenus JImn(a) v orjeHKH
KJIMHUYECKOM T10JTb3bI CHYKeHUs JIr(a) ¢ TOUKY 3peHus
OCHOBHBIX He0/IarorpusITHBIX CePAEYHO-COCYAUCTBIX
cobObITuii. Tepanusi 3aK/rOUaeTCs: B IPUMEHEHUH TieJla-
KapceHa B BU/Ie e)KeMeCSIUHBIX MOJKOXKHbIX UHbEKLIUN
no3oii 80 mr B TeueHue 4-5 jieT. VicciiemoBaHue 3a-
BEpILUTCS TIPeAToA0KUTeTbHO B Mae 2025 roga [21].

B HacTosiiuii MOMEHT TefiakapceH sIB/sieTcs J10-
CTaTOYHO XOPOLIO W3y4YeHHbIM JIEKapCTBEHHBIM Ipe-
rapaTtoM, cHwkaroimum JIm(a), cpeji MHOTMX HOBBIX
BMeILIaTe/IbCTB, KOTOPbIN IeMOHCTPUPYET BBICOKYHO
3¢ peKTUBHOCTb B CHY)KeHUH TUITeP/IATIONPOTeMHEMUH,
HO npenapaT B Poccun noka He 3aperucTpupoBaH.

[Tpenapat MurioMepceH TakXXe OTHOCHUTCS K aH-
THCMBICJIOBBIM OJTMTOHYKJ/IEOTH/IAaM BTOPOI'O MOKOJIe-
HUSI, TI0 CTPYKTYPe COCTOSLLUU npumepHo u3 20 nap
a30THUCTBIX OCHOBaHUI. MeXaHU3M /IeHCTBUST CXOXK
C TIeJlakapCeHOM, HO HarpaB/ieH Ha MHTMOWpOoBaHue
MPHK amnonumnonpoternHa B-100, cBsi3biBasich ¢ Hel
T0 MPUHLIMITY KOMILJIEMEHTapHOCTUA U TeM CaMbIM BbI3bI-
Basl HApyIlIeHHe TPaHC/ISILMKY Oesika. BBeaeHue riperapara
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TaKXKe OCYILIeCTB/ISIeTCS ITyTeM ITOJKOXKHOW UHBEKLUU.
CoryacHO ucCne0BaHNsIM MUATIOMEPCEH CHIDKAET BhIpa-
60tky XC-JITTHII, X0o/ecTepyrHa TUIONPOTEMHA OUeHb
Hu3kol riotHocty (XC-JITIOHIT) u JIn(a) [25]. Tak,
TIO MTOC/IeTHUM JJAHHBIM OBIIO BBISIB/IEHO CpPeZiHee CHU-
»xenuie yposHs JITTHIT Ha 26 %. [Tpenapat 6611 0100peH
B 2013 rogy FDA CIIA, Ho EBporielickoe areHTCTBO
Ha CeroAHSIIHUMN [IeHb He 0[00pH/IO JAHHBIH TIperiapar,
B Poccum OH Tak)xe He 3apercTpypoBaH [26].

B Mupe Ob110 TPOBe/IEHO HECKOTBKO UCC/IeJOBaHUA
T10 M3yYeHUI0 MUTIOMepCeHa y TaLeHTOoB, CTPaJarolix
rUnepxo/jecTepuHeMueli cpeiHel U TsDKeIoW cTere-
Hu. Nccnenosanue, nposogumoe McGowan M.P. et
al., onenuBasno 3¢ dekt munomepceHa y 39 B3poC/bIX
TMAI[MeHTOB, CTPA/IAOLIUX HIleMUYeCKor 60e3HbI0
cepZiLia ¥ TsDKeJIoM rurnepxosiecteprHeMuei. [Ipena-
paT UCT0J1b30BasIcs B 4o3e 200 Mr ryTeM MOAKOKHBIX
MHbeKLMH. 1o pe3ynbraTam vccieoBaHUs CHDKEHHe
ypoBHsi XC-JITTHIT cocraBuno 36 %, a JIn(a) — 33 %
TI0 CPaBHEHUIO C UCXOAHBIM YpoBHeM. Cpeirt T0O0UHBIX
3(¢dexToB yaiie Bcero ObLTM 3apervcTpUPOBaHbl PeaKLIHst
B MecTe UHbeKLMH (90 %), MOBbILLIEHHE CbIBOPOTOYHBIX
ananrHamuHoTpaHcdepa3 (AJIT) Ha 21 % u acriapra-
tamuHoTpaHcdepas (ACT) Ha 13 %, a Takke pa3BUTHE
crearo3a (13 %) [25].

Wccnenosanue Watts G.F. et al., Takke n3yuaBiiiee
3 QeKTUBHOCTL MUTIOMEPCEHA, BK/THOUA/IO B cebst 157
MarMeHToB, o0azaomux yposHeM JIITHIT Gosee
100 mr/gJI v umeMuyeckoit 6ose3Hbto cepaua. Ilpe-
rapaT TakXke MpUuMeHsIcs B fo3e 200 Mr B TeueHUe
26 HeJesTb C MOC/IeYIOMIMM HabsiojeHreM B TeueH1e
24 vepenb. B pe3synbrare cHkenyst ypoBHst XC-JITTHIT
Hwke 100 mr/gJI ynanocs joctuus y 76 % malueHToB,
anosmrnornpoterHa B (AnoB) B cpenHem 38 %, JIn(a) —
24 %. TTobouHbIe 3¢hdheKThI ObUTH aHAIOTUYHBIMU TIpe-
JBIAYILEMY UCCIef0BaHMIO. K coKaneHur0, MUTIOMepCeH
o0aziaeT orpaHUUeHHOM Ge30macHOCThIO [26]. TTo 3ToM
nprurHe HeoOX0AMMO U Jasbllie TIPOBOJUTH UCC/IeI0Ba-
HUS C 1]e/IbI0 U3yUeHUsl COOTHOLIeHUs 3(peKTUBHOCTH
1 6e30MmacHOCTH Ipernapara.

NHrnéutopbl pepmeHTa ATP-unTtpaTnmnasol

ITorcKH HOBBIX rnperaparoB FHHOHHHHAEMHHECKOﬁ
Tepaliiu IIpuBeJ/Ik K CO31aHHWIKO HOBOI'O JIEKAPCTBEH-
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HOTO CpeZicTBa — OeMIieZioeBoM KUC/IO0ThI (8-THApPOK-
cu-2,2,14,14-reTpameTU/TNeHTajeKaHUOEBast KUC-
JI0Ta), TIPeACTaB/soIIel COO0H ATUHHOLEIOUEUHYHO
MOJIEKY/Ty TeTpaTMeTU/13aMellleHHOW KeTo/[hal[i/JHOM
KHUCJ/IOTBI C 0COOBIM MEXaHU3MOM ZIEHCTBUS B BUJIE
WHTMOMPOBaHUSI CUHTETHUECKHX PeaKL|id X0/ieCTeprHa
rnyTeM MHaKTUBaluu (pepmeHTa ATD-1iUTpaT/Ia3bI,
BCTYyTaOLel B KacKa/J, TIPOU3BO/CTBA X0J/lIeCTEPUHA
paHee TU/IPOKCU-MeTH/TIyTapUI-KO9H3UM A-peflyKTa-
3b1 (I'MI'-KoA-penykTasbl) [27]. Touka npuioxKeHUs
rperapara cxeMaTUYHO TIpe/icTaBieHa Ha pUCyHkKe 1.

OT/MuMTeTLHOM 0COOEHHOCTBIO JAHHOTO Mperaparta
SIBJIIETCS TOT (DAKT, UTO OH SIB/ISIETCS TTPOJIEKAapCTBOM,
U CBOEe BO3/eHCTBHE Ha COOTBETCTBYHOIIME (hepMeH-
TBI OeMITeJoeBasi KMC/I0Ta CIoCOOHA 0Ka3aThb TOILKO
B KJIETKaX, KOTOpPbIe 00/1aZlaf0T CIIOCOOHOCThIO TIpe-
BpaTUThb ee B aKTUBHYIO (hopMy 3a cueT epmMeHTa
alleTUICUHTETa3bl- 1, TOTOMY ee paboTa peanmu3yeTcs
TIPeUMYII[eCTBEHHO B TeTaTolyTaX. BBUay Manoro kKo-
JTMYeCTBA alleTH/ICUHTeTa3bl-1 B MOMePeYHOII0I0CaTOM
MYCKY/IaType TaKOW HelPUATHBIN 0O0UHbIH 3P deKT,
KaK MUOTOKCHMYHOCTB, TIPAKTUYECKU He BcTpevascs [28].

Puc. 1. CxeMa MHrMBMpoBaHMs CUHTE3a XoNlecTeprHa 6emMnefoeBoi KUCNOTON

Bemnepoesas kucnota 61okvpyeT feicTeue hepmeHTa ATO-UMTpaTMasbl, YTo NPENATCTBYET NPEBPALLEHMIO LMTpaTa
B aUeTu-KOA, TeM CaMbIM MHIMBUPYS CUHTE3 XonecTepuHa. [ns cpaBHeHUs: CTaTUHbI BKIFOYAKOTCS B MHIMOMPOBaHWe CUHTE3a
XO/ecTeprHa HECKOSBKO MO3yKe

Fig.1. The Scheme of cholesterol synthesis inhibiting by bempedoic acid

Bempedoic acid blocks the action of the enzyme ATP citrate lyase, which prevents the conversion of citrate to acetyl-CoA that
inhibits cholesterol synthesis. By comparison, statins are involved in inhibiting of cholesterol synthesis a little bit later
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bemnegoeBast kuciaoTa 6bia ogobpena FDA
B (peBpane 2020 rojia c 11e/1bI0 TeUeHUST B3POCIBIX,
CTpaJaroLuX reTepO3UroTHONW CeMelHOW runepxose-
crepuHeMueid. [lomumo 3Toro GemriezioeBasi KUC/IOTA
ofiobpeHa K MpUMeHeHHI0 Ha Tepputopun EBpormeii-
ckoro Coro3a B KaueCTBe Teparuu [iJisd MalueHToB,
KOTOpBIM NIPOTHUBOIOKA3aHb! cTaTuHbL. B Poccun pan-
HBII NIperapar Moka He 3aperucTprupoBaH. MoJsieKy/bl
HeMrieZloeBOi KUCIOTHI UMEIOT HeOObINIOM pa3Mep
Y IOTOMY OBICTPO aZicCOPOUPYIOTCS B KUIIIEYHHKE, UTO
obecrieurBaeT BBICOKYIO OMOZOCTYITHOCTD Tperapa-
Ta. Maruburop AT®-miuTpativasel U HHTUOUTOPEI
I'MI'-KoA-penyKrasbl XapakKTepU3yHTC UCI0J1b30-
BaHMWEM Pa3/IMYHbIX PeLeNITOPOB /Il IPOHUKHOBEHUS
B renaToOLMThI, I03TOMY CyLeCTByeT MHEHHEe, UTO
GeMrieioeBast KUC/IOTA He TIPEMSTCTByeT KOHKYPEHTHOMY
TIOTVIOII|eHUIO CTaTUHOB B meueHu [29].

VcnbiTanus nepBoii a3l HOBOTO Mpenapara
TI0Ka3aJiy XOpOLUUK pe3ysbTart, IPOJeMOHCTPHUPOBaB
BBICOKYIO 06e30MacHOCTh U IepeHOCUMOCTh Oemrie-
[l0eBOM KMC/IOThI Ha 53-X MaljueHTax, CTpajarolnux
JucnunuzeMueid (CpeiHAl ypoBeHb TPUITMLIEPUIOB
(TT")) 100-350 mr/pJI, XC-JITTHIT 126,7 mr/aJ1). Te-
parnus IpoBOAUIacCh C MPUMEHEeHWEeM TTOBBILLIEHHON
036l miperapata Ao 120 mr B cyTku. Habntoganock
cHwkeHue ypoBHs1 XC-JITTHII na 17 % nipu cpegHeit
no3e B 100 Mr B cyTKH. A uccieioBaHue (asbl 1 mpoBo-
[MJIOCH C yYaCTHEM 3/J0POBBIX NALIMEHTOB B KOJIMYECTBE
24-X yernoBeK, KOTOpble PUHMMAJIU TIpenapar C yBeJlu-
yeHueMm 1036l (140, 180, 220 mr B cyTku). CHI>KeHHe
ypoBHsa XC-JITTHII cocraBnsiio 36 % B cpaBHeHUU
¢ mare6o. B JaHHOM HCC/IejoBaHUN He Ha0/IF01aI0Ch
Cepbe3HbIX MOO0UHBIX 3¢ dekToB [30].

Nccnenosanme 11 da3bi, mpoBoaumMoe Lalwani N.D.
C KoJI/IeramMH, IPOBOZUJIOCH C yYaCTUEM Ial[eHTOB,
CTpalaloIIyX TurepxosectepuHeMyeii. OHO ObLIO Ha-
TIpaBJIeHO Ha OLIeHKY 3¢ dekTa 6emrie0eBo KMUCIOThI
rpu ee A00aB/IeHUH K BBICOKOMHTEHCHUBHOU Teparuu
aTopBacTaTHHOM. /lo3a aTopBacTaTHvHa COCTaBIIsIa
80 mr B TeueHue 4 Hefenb, Aajee UHALIMMPOBAHO MO-
nyuyerue 180 mMr Gemrie0eBoOl KUCIOThI €XKeHEBHO.
Cuauxenure ypoBHst XC-JIITHIT B cpegHem cocTaBu-
JIO IOTIOSTHUTENBHO 22 % B C/ly4yae UCI0/Ib30BaHUs
OemrieZ0eBO¥ KUCIOTHI, TPU 3TOM HaO/I0Aanoch
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CHWKeHHe arioripoterHa B Ha 15 % u C-peakTUBHOrO
0enka Ha 44 %. Bb11o cie/1aHo 3aK/II0UeHe 0 HaJTMUUH
TPOTHMBOBOCIIAIUTETLHOTO 3¢ deKTa y rpernapaToB
OemmnenoeBoii KUCIOTHI [27, 31].

C uesbto o1jeHKH 3QeKTUBHOCTH 1 6e30MacHOCTH
TIpUMeHeHus1 6emrie/[0eBoi KUC/IOTHI ObITH OpraHU30-
BaHbI Takue uccnenoBanus, Kak CLEAR Tranquility,
CLEARS Serenity, CLEAR Wisdom, CLEAR Harmony,
a ucciiegoane CLEAR OUTCAME dokycupyeTcs
Ha OL|eHKe CepJeYHO-COCYMCThIX UCXOA0B Ha (hoHe
Teparivy JaHHbIM TpernapaTtom [32].

WccnepoBanne CLEAR Tranquility mpoBoguioch
C TIpyMeHeHHeM KOMOMHUPOBAHHOM Teparvy Ha 0CHOBe
GemrenoeBoli KUCIOTHI B fjo3e 180 Mr/cyT u 33eTuMKOa
B f03e 10 Mr B CyTKHU B TeyeHue 12 Heflesib, B UCCTIe-
JIOBaHUM y4aCTBOBA/IM MALMEHTHI C TUIIEPIUNUeMUen
Y HEMepPeHOCUMOCTBIO CTaTUHOB B aHaMHe3e. [1o pe3yrb-
TaTam JJaHHOTO KJIMHUUEeCKOTO UCIbITaHUSI MCTI0/Ib30-
BaHHas Teparivs nprBesa K CHUKeHUro ypoBHs XC-JII1-
HIT Ha 28,5 %, a C-peakTuBHOrO 6e/ika — Ha 33 %
K 12-ii Hegene uccnenoBanus. Ho, K coxkasieHuro, ObUIn
oTMeueHbl T060UHbIe 3P deKThI B BU/[e TTOBBILLIEHUS
ToKasaresiell MoueBOM KUC/IOThI B KpoBH (7,7 %), yacTou
rosioBHOU 60/ (4,4 %) u muanruu (3,3 %) [32, 33].

MeauaHa HabmoneHus B uccneqopanvu CLEAR
Harmony 6bisia 60/ee fiuTesibHOW U COCTaBUIIA
24 Hepenu. KomnyecTBO BK/IIOUEHHBIX MALlUEHTOB
coctaBwio 2230, B aHaMHe3e y BCeX aTepOCK/IepOTH-
yeckue CepJeuHO-COCYIUCThbIe 3a00/1eBaHus, a TaKXKe
reTepo3WroTHas TurepxonecrepruHeMusi; 1488 u3 Hux
TIPYHUMA/ K 6eMIieJ0eBOI0 KUC/IOTY, 742 maijueHTa —
ninane6o. VcciegyeMslil mperapat CHA3WI YPOBEHb
XC-JIITHIT Ha 18,1 % k 12-ii Hefene, Ha 16,1 % K 24-i
HeJlesie UccnefoBaHus. HexxenaTenbHble sSIB€HUS,
TIPOSIB/ISIFOII[eCs B BU/le Ha30(hapuHTUTa, MUAJITHH,
VH(EKLMY MOUeBbIBOJALINM MMyTel U MH(EKLIUY BepX-
HUX [IbIXaTeIbHBIX MyTeH, ObUIM 3aperuCTPUPOBAHbI
B 78,5 % ciyuaeB Ha ¢oHe Teparnuu Oemrie[0eBOM
KHCJIOTHI [27, 33].

Takum obpa3om, OGeMrieoeBasi KUC/IOTA TIpe/-
cTaBsisieT 000U HOBBIM MHOTOOOEL[ATOIIVIA TUTIONH-
NMUieMAYeCKWi TIperapar, 0HaKo HeoOX0AUMO Tpo-
BECTHU JJIUTe/bHble KOHTPOIMPYeMble KIUHUYEeCKHe
WCTIBITaHUS ero 6e30MacHOCTH U 3 (hEKTUBHOCTH KaK
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B MOHOT€epariviu, Tak U B KOM6I/IHE1L[I/II/I C APYTUMHU JIN-
MUACHWXAOIWMHA Cpe/iICTBaMU.

MuKpocoMasbHble UHIM6UTOPbI 6enka
nepeHoca TPUrULEep1AoB

Cnepytoriieli iepcrieKTUBHOM pa3paboTkol B 00/1a-
CTH JIMIUJCHWKAIOLLEH Teparvy sIB/sieTCsl rpemnapar Jio-
MUTanuj, CHHTe3UpoBaHHbIN Aegerion Pharmaceuticals
B 2005 rozy v 0100peHHbIN YTIpaBIeHreM 110 KOHTPOJTFO
3a MPOAYKTaMH NTaHus U jekapcrBamu B CIITA, a Takxke
EBporelickrM areHTCTBOM 0 JIEKapCTBEHHBIM CPeZICTBAM
TI0CJ1e Mo/yueHus pe3y/bTaToB uccienoanys 111 dasbl
T10 JIeUeHUI0 TOMO3UTOTHOW TUIepxo/ieCTepUuHEMUN
Y CeMerHOU XUJIOMUKpOoHeMyn. dapmMakojHaMUKa
Triperapara CBsi3aHa CO CIIOCOOHOCTBI0 MUKPOCOMaJIb-
Horo 6efKa repeHoCa TPUIIMLIEPHIOB K MOAY/ISLIUN
KOJIMUEeCTBa YaCTHL, COZiepsKallliX aroIUIONpoTerH B,
C TOCTIeYIOLIIM TOPMOXKEHHEM HX BbICBOOOXKeHust [34].
[pemnapaThbl rpymIibl MUKPOCOMA/IbHBIX MHTHOUTOPOB
Oe/ka repeHOCa TPUIIULIEPH/IOB CIIOCOOHBI K TIPSIMOMY
CBSI3bIBAaHUIO C 0COOBIM TPAHCTIOPTHBIM Oe/KOM B 3H-
Jl0T/1a3MaTUYeCKOM CeTH relaToLMTOB U SHTePOLUTOB,
YTO BIIOC/IE/ICTBUUA UHTUOMPYeT COOPKY aTeporeHHbIX
JIUTIOTIPOTEMHOB HU3KOW, OYeHb HU3KOU U IIPOMEXKYTOY-
HOW MJIOTHOCTH, a TaK)Ke XUJIOMUKPOHOB, Y IPUBOAUT
K CHIDKEHUIO YPOBHSI aTepOreHHbIX JIMITONPOTEHHOB [35].

JlomuTarnuza Me3usar rpefcTaB/sieT coboit mepo-
pasIbHbIY Tpernapar JaHHOM I'PYyMIIbl 1eKapCTBeHHbIX
CPeZiCTB, KOTOPBI CITOCOOEH TpeIoTBPaTUThL HAaKOTLIe-
HUe aroJIMIonpoTerH B — cofiepkaliyx TUIonpoTen-
HOB. [1o MMeroIMMCs JaHHBIM, JIOMUATAITU/, MOXKeT CHU-
»katb ypoBeHb XC-JITIHII B cpegnem Ha 50,0—-76,6 %,
O/JHAKO JIaHHOE CHIDKEHNEe CONPOBOKAETCS yCUTeHNEeM
renaToTOKCUYHOCTH U IPOrpecCUpOBaHUeM CTearo3a Iie-
YeHH 3a CUeT HapyIleHusl IUIHUAHOTO 0OMeHa, KOTopoe
VMHULIMMPYETCS] COBMECTHO C IpHeMoM rperapara [36].

Ha faHHBIV MOMEHT JIOMUTAMNK/, SAB/SIETCS TIperna-
paTtoMm, KOTOPBI MOXXHO Ha3HAYMTh Kak [OIOHeHue
K TUTO/IUITHA,EMUY€eCKOW Teparvuu Win IMeTe C HU3KUM
copep>kaHreM >kUpoB (MeHee 20 %) y malieHToB, CTpa-
JIAroI[UX TOMO3UTOTHOW TUIepxo/iecTepuHemuetii [37].
ITpu 3TOM MaryieHTaM IoJIyJarolM JaHHbIN peria-
part, HeoOXOMMO e>XXeIHeBHO MPUHKUMATh IepOpaTbHO
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ocobble 6HoOrMUeCKH aKTUBHbIE 100aBKHU C 11eJIbI0
TMpe/j0TBpAILleHUs] HeraTUBHOT'O BJMSIHUS JIOMUTANKUza
Ha JUNUgHbINE 00MeH: 400 ME ButamuHa E, 110 Mr
SWKO3amneHTaeHoBOM KucaoTel, 200 Mr mMHOMeBOMH
KMC/IO0ThI, 80 MI' I0K03areKCaHOBOM KUCIOThI ¥ 210 mMr
anbQa-TMHOIEeBOM KUCIOTHI B ZieHb [37].

[TunoTHOe oTKpbITOe uccienoBanye 111 ¢a3sbl, nmpo-
BozarMoe Dirk J. Blom et al., c 1jesibt0 orieHku s¢dexTa
JIOMUTAIU/Ia IpY JIeYeHUH TOMO3UI0TOM TUIepXxosecTe-
pUHEMUH Y 29 NaleHTOB POBOUIOCH C YBe/TMUeHU-
eM Z103bl TIperiapara /10 MaKCMMaJ/IbHO ITepeHOCHMOM.
B TeueHue Bcero uccieoBaHUs yUaCTHUKU MPUAEP-
JKUBAJIMChb CIIeL{MaJbHOU JIUeThI C COZlepyKaHueM XXupa
MeHee 20 %. B TeueHue 26-Tv Heplenb Tipeniapat CHUA3UI
yposenb XC-JIITHII B cpegHem Ha 50 %, a anoriporerHa
B — Ha 39 %, mo06HbIe pe3y/bTaThbl COXPaHSIUCh
B TeueHHe 3al/laHUpOBaHHbIX 78 Heflenb. B 1je/10M ypo-
BeHb XC-JITTHII Ob1n1 cHrKeH Ha 38 % OT MCXOIHOTO.
OpHako 661710 3a(hMKCHPOBAaHO MHOXKECTBO MOOOUHBIX
3¢ }eKTOB CO CTOPOHBI THUIT[EBAPUTETLHON CUCTEMBI:
Jmapesi, IUCIeNCysi, TOLIHOTA U pBoTa [38].

[Tocsie mepBbIX yCHELIHBIX UCMIBITAHUI HOBOTO
nperapara ObLJIO pelieHO MPOBeCTU pacClIMpeHHOe
WCCeJoBaHKe C MeJiaHOU Hab/roeHus yke 294 He-
Jenv. B HeM NpUHSAIN ydacTHe NalUeHThl C TOMO-
3UTOTHOM TUIepXxoJieCTepPUHEMUEN, KOTOPbIe yKe
y4acTBOBa/IY B OCHOBHOM UCCJIeZlOBaHUY B TeUeHue
BCcex 78 Hemenb. B 6osee yriiyb/eHHOM HcciejoBa-
HUM TIPUHSIM ydyacTue Jvilb 19 manuenTos. I1o pe-
3y/IbTaTaM UCC/Ie[JOBaHUs y BCEX YUaCTHUKOB ObLT
JOCTUTHYT LiesieBoul ypoBeHb XC-JITTHIT B 100 mr/aJ1
u 70 mr/aJ1. [ToMumo 3TOT0 GBI MOTyUYeHbI JaHHbIe
0 ZI0JITOCPOUHBIX MOO0UHBIX 3¢ deKTax mpemnapa-
Ta B OTHOLLIEHWM JKeJTyJO0UHO-KHUILIEeUHOTO TpakKTa:
JUCHercus, TOIHOTa, pBOTa, AUapes, a Takxke 3a-
(UKCHpPOBaHbI MOBBILIEHUS] YPOBHS TTIeUEHOUHBIX
TpaHCaMHHa3 BbIllle BepXHel rpaHULibl HOPMBbI, KO-
TOpbIe OTMEYa/IMCh Yallle B C/yyae OJHOBPEMEHHOI0
npreMa C rperiapaTamu, MeTabosii3M KOTOPBIX OB
cBsizaH c nutoxpomom P4503A4 [34, 38].

IToaBoas UTOT BhIIIECKa3aHHOMY, JIOMUTAIN, 110-
Ka3zaj 3(eKTHBHOCTb B HECKOJIBKMX 3aC/TyKUBAIOLLX
BHMMaHUs UCCJIe/JOBAHUSX, MeXX/Y TeM ero puMeHeHNe
CBS13aHO C psAZOM 1T0O60UHBIX 3¢ heKTOB U 0COOeHHO-
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CTeli IprieMa, UTO HaK/aJjbIBaeT OrpaHUYeHHe Ha ero
TpUMeHeHue.

MHrnéutopbl ANGPTL3

ITorcky TOUeK NMpUI0KeHUs [i/1s1 HOBBIX FUII0JIHU-
MYJeMUUeCKUX TpernaparoB MpoJo/KaTcs. Jpyrum
VHHOBAL|MOHHBIM MeXaHU3MOM JleMCTBUS SIB/ISIeTCS
MHrubUpoBaHUe aHTHUOTI03TUHOIIOA00HBIX Oe/lKoB
(ANGPTLSs), oTHOCSIIMXCS K CeMelCTBY (paKTOPOB
pOCTa HJOTeNHS COCY/[0B, KOTOPbIe BKJTFOUAIOT B Cebst
oT 1 10 8 5/1eMeHTOB MOJUIIeNITUAHBIX LieTel, pas3in-
YaKoLUXCSl 0COOEHHOCTAMH TKaHEeBOU IKCITpeCCUH
Y pery/siiuy, a TakKe BO3MOKHOCTBIO0 TOPMOHAIbHON
perynsuuu. Tak, ANGPTL3, ANGPTL4, ANGPTLS
UIPAIOT BXKHYIO POJIb B MeTabosi3Me JIMIIOTPOTEUHOB,
boraTeIX TPUTIULIEPUAMU, OCYIIeCTBIsIsT UHTUOU-
pOBaHHWe aKTHBHOCTH JIUTIONPOTENMHOBOU JIUIA3bl
U JlanbHellllee CHY)KeHUe YPOBHS xoecTeprHa [39].

3a nocnienuve 10 siet 6bUIO JOKA3aHO, UTO JAeULIUT
ANGPTL3 cniocobeH npepoTBpaiiaTh pa3BUTHe HIlle-
Muueckou 6osesHu. [loaTBepsKAeHe ITOMY MOXHO
HalTH B pe3y/bTarax uccienoBanus DiscovEHR human
genetics study. B xozie vicciieioBaHMs ObITH BBITIOTHEHbBI
TeCTUPOBAHUS aCCOLMALIMM BAPUAHTOB MOTEPU (PYHKLMK
ANGPTL3 ¢ MegraHHBIMUA YPOBHSIMU JIMIIHZ0B 1 ULLIEMU-
yeckol 6omme3Hbr0 cepyra y 13102 yuactHrkoB. CormacHo
pesysibTaraM Y NaljeHTOB, SIB/ISIOLMXCS HOCUTeISIMU
reHoTUNoB HapyieHus GyHkumn ANGPTL3, cpennuii
riokaszarenb Tpurnuleprzos U XC JIITHII, B otnume
OT TMALMeHTOB C HopMabHOU (yHKImert ANGPTL3, 6pumm
HwKe Ha 27 % 1 9 % cootBeTcTBeHHO [41].

B nccneoBanyy, npoBoAarMoM Komanzou Sun T. et
al. MeauiuHCcKol 1ikosibl [laiiHxaickoro yHUBepCHTe-
Ta B Kurae ¢ yuactrem 305 naijueHTOB, IPUMeHSIaCh
[MarHoCTUYeCcKast KopoHapoaHruorpagus 1 oLjeHKa
ypoBHeii ANGPTL3 u ANGPTL4 B cbIBOpOTKe KPOBH
y4acTHHKOB. [1o pe3y/sraTam Mcc/ieioBaHus ObLT Cie/TaH
BBIBO/], UTO BBICOKH# 1ToKa3aTtesib ANGPTL3 u Hu3kui
ANGPTL4 umeeT cTaTUCTUUYECKU 3HAUUMYIO CBSA3b
C pa3BUTHEM U IPOrpPeCcCUPOBaHHEM aTepoCKepo3a.
ITpu sarom ANGPTL3 accoummpoBaH C TsKesbIM are-
POCK/IEPO30M KOPOHAPHBIX COCYAOB: KOHLIEHTpaLHs
ANGPTLS3 B cbiBOpoTKe KpoBU ObLH BbIlile, a ANGPTL4
HIDKe B IPYTIIe NalMeHTOB CO CTEHO30M KOPOHAPHBIX

CARDIOLOGY

cocynoB 6osee 10 %. B rpyrirne nmaijueHToB C apTepH-
abHOU TUTIepPTeH3Uel Takxke HaOMI0anch HU3KHe
noka3aresii ANGPTL4. ITomumo 3Toro, Obl1 c/iesiaH
BbIBO/], uTO MoKazaTteau ANGPTL3 nonoxurensHO CBS-
3aHbl C BO3pacToM, B TO Bpemsi Kak ANGPTL4 umena
OTpHULIaTebHYIO CBsA3b C Bo3pacToM [39].
WccnenoBanue Sadewasser A. et al. TpoBoAM/IOCH
C yyacTveM TpeX JiuI] ¢ ojHbIM fieduiiurom ANGPTL3
BCJIe/ICTBUE MyTaL[Ul, UHAKTUBHPYIOLLel aHTMOTI03THH-
No7[00HBIN TeH 3; a TaKXKe TPeX POICTBEHHUKOB TIepPBOM
crerieHy 6e3 MyTalyu. BbUl cienaH BBIBOZ, 0 KOpOHAp-
HOM T0Ka3arteJie Kajblus, paBHOMY 0 equHUL] AraTcTo-
Ha, Y TTOJTHOM OTCYTCTBHH aTePOCK/IepOTUYeCKUX O1si-
11eK y HocuTesiel Mytauyu. [IoMrMo 3Toro, coryiacHO
pe3y/bTaram UCC/1e[0BaHys FeTepO3UrOTHbIe HOCUTEIN
myTariuu LOF ANGPTL3 npogeMoHcTprpoBany 6omee
Hu3kuii ypoBeHb XC-JITTHII (Ha 12 %) u TT" (Ha 17 %)
TI0 CpaBHEHUIO C yYaCTHUKaMu Oe3 myTaruu [39, 41].
HoBblif rpemnapar 3BUHOKYMa0, CHHTe31POBaHHbIH
komrianueil Regeneron Pharmaceuticals Inc, mpesicras-
nsieT cob0ii MOTHOCTBIO UesioBedeckoe MOHOK/IOHATbHOe
antuteno 1gG4, koropoe nnrubupyetr ANGPTL3,
B pe3y/ibTare 4yero MoBbIIIaeTCsl akTUBHOCTh (hepMeHTa
JIUTIOTIPOTEMHOBOM JIUTA3bl U, COOTBETCTBEHHO, CHIKA-
eTCsl ypOBeHb 00I1Iero xXojiecTeprHa, TPUTTHLIEPH/IOB,
XC-JITTHII. ITpemnapaT 0611 000peH YIipaB/ieHreM
T10 KOHTPOJIIO 3a NIPOJYKTaMu [TUTaHUsI U JileKapCTBaMu
CIIA B despase 2021 roga u EBporieiickimM areHTCTBOM
T10 JIeKapCTBEHHbIM CpefcTBaM B UtoHe 2021 ropa.
Ha faHHbIi1 MOMEHT Mpernapar UCHoJIb3yeTcs B CTpaHax
3anafiHoX EBporiel 1 AMepyKY /15 J1e4eHust B3pOC/IbIX
Y MIOAIPOCTKOB CTapiiie 12 jieT, CTpajatoluX TOMO3UTrOT-
HOU ceMeiHOM rurepxosiecTepruHeMue. JBUHOKyMab
TIPUMEHsIeTCS B j03e 15 MI/KT B BUJie BHYTPUBEHHBIX
nH(Y3ui B TeueHHe OJHOTO Yaca OfivH pa3 B Mecs] [42].
[TepBas (a3a KIMHUYECKUX UCIIBITaHUM, IPOBO-
IuMbIX KoMaHzou Zahid Ahmad et al., ¢ yuactuem
56 marmenToB c ypoBHeM TT" 6omee 150 mr/an. Habsro-
JAaJI0Ch [10303aBUCUMOe CHKeHHe TT': MakcumasbHOoe
CHIDKeHHe Ha 76,9 % Habmropanock B go3e 10 Mr/Kr
y>ke Ha 3-u geHb u 20 mr/kr Ha 83,1 % Ha 2-1i JeHb.
Cpenu HarboJsiee 4acTO BCTPeYaroXcsi TOOOUHBIX
3¢ dekToB ObUTM OTMeUeHbI To/I0OBHas 60s1b (42,9 %)
v TormHoTa (13 %), TIoBBIITIIeHre YPOBHS TPaHCAMHHA3,
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a TakXXe yyalleHue ciayudaeB 3abosieBaHs BUPYCHBIMU
MH(EKIUAMU BepXHUX JIbIXaTebHbIX myTei [43].

ITpopomkeHre KIMHAYECKUX UCTIBITAHUM ITPOBO-
JWIOCh B UCC/Ief0BaTenbCKoM LeHTpe CIIA ¢ yua-
crtveM 96 nauueHToB. M3yyancs pesxum J103UpOBaHUs
3BUHOKyMaba: 300 Mr ogHOKpaTHO (Koropra 1) unu
5 MI/KT BHyTPUBEHHO OJJMH pa3 B TeueHHe 2-X HeJe/lb
(koropta 2), 15 MI/KT BHYTPUBEHHO B TeUeHHE JIByX
o3 3a 4 Hegenu (koropta 3) unu 300 Mr ogHOKpar-
HO B HeJle/li0 B TeueHHe BOCbMU Hejiesb (KoropTa 4).
ITo pe3ynbraram ucciiefoBanus, yposenb XC-JITTHIT
OBICTPO CHYIKAJICS, HAUMHAS C TPETbEro /IHS Teparuu
Y IIPOJ0/DKal UATU BHU3 10 BOCBMOU HeZleiy, 4To
B cpefiHeM jfiasio pe3ynbTaT 18,2—-33,6 % [39, 43].

Takum 06pa3om, 3BUHOKyMab roka3sas cebs rep-
CMEeKTUBHBIM CPe/ICTBOM /IS a/IbHEHIIX UCTIBITaHUH,
ero MCCjie[j0BaHUs BCe ellle NPOZ0/DKAI0TCS B HAYUHBIX
LIEHTPaxX MHOTMX PerMOHOB MUpa.

TepaneBTuuyeckuin apepes

Adepe3 1MnonpoTerHOB — pajKaibHasi TUIO/H-
nuieMUuecKasi poLeypa, NpecTaBstoiias coboi
TOJTyMHBA3WBHBIN U [J/TUTEbHBIA CIIOCO0 Tepanuw,
TIPUMeHsIeMbIl [TPU TSDKeJIbIX CeMeNHBIX TUIepXoecTe-
pUHEMUSIX, OCHOBAHHBIN Ha N30MpaTeTbHOM ya/leHn!
JIATIOTIPOTEHOB 13 ChIBOPOTKY KpOBU [44,45]. BriepBbie
JIaHHBIN MeTo/ Tepanuu ObuT MpuMeHeH B 1952 rogy
C L{eJIbIO JIeyeHusl MaljueHTa, CTpajarollero MHOXe-
cTBeHHOM MueioMoi. C MOMOII[BI0 TeparieBTUYeCKOTo
acbepesa 1oz, iefiCTBHEM CUJIBI TSDKECTU ObLTY OT/ie/eHbl
3PUTPOLIUTHI C MOC/IEAYIOLIMM UX BO3BPAaTOM MaljUeHTy
Y yTUIM3aLyei riasmel [46]. Mcrionbs3oBaHue adepesa
JIUISl Ie4eHUs] TOMO3UTOTHOUW ceMeiHOM Turepxose-
cTepuHeMUHU ObITIO BriepBble onucaHo B 1975 rogy,
a B 1980 rogy Kunrom M.E. 6b11 omy6/1MKoBaH TiepBbIi
OTueT O NMPUMeHeHUH JIMTeIbHOTO0 Ij1a3Modepesa
y ABYX [leTeil, CTpaJjatoluX rurepxosecTepuHeMHei,
YTO MOATBEPI/IO0 BOSMOXKHOCTD J/IUTe/IHOTO Oe3ormac-
HOro npuMeHeHus1 aepesa [44,46]. Ha gaHHbIi MOMEHT
adepes npuMeHseTCs /17151 JleueHUs TIPU OUeHb BBICOKHX
ToKa3aresisix JIMNUHOro obMeHa Ha hoHe TOMO3HUTOT-
HOW WU CJIOKHOU TeTepO3UTOTHOM (DOPMBI ceMeitHOM
TUINepxo/iecTepuHEMUH y feTel U B3poC/bIx. [TokazaHus
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K adepe3y pa3mMyaroTcs B 3aBUCMMOCTH OT CTpaHbl. Ha-
nipumep, B CIITA noka3zaHueM /i1t IPOBe/IeHUs JaHHOM
TIPOLeZlyPhI SIB/ISIETCS] HA/IMYKe TOMO3UTOTHOM CeMelHON
TUTEepPX0/IeCTEPUHEMIY, a TAKXKe Apyrye (JOpMbI TUrep-
xonectepuHemMuu ¢ yposHsamu XC-JITTHIT > 300 mr/gn
0e3 COMyTCTBYIOIIUX CepP/IeUHO-COCYIUCTRIX 3a00/1eBa-
Hul win > 200 Mr/a/1 ¢ CONmyTCTBYIOLUMU CEPJEeUHO-
cocyaucTbiMU 3a0oeBanusiMU. B T'epmaHuy BO3MOX-
HO MpoBeZieHUe adepe3a MU MOBLIIIIEHHOM YPOBHE
XC-JIITHIT Ha ¢oHe TsKeoi TUIepxosiecTepuHeMIH,
eCJ/IM, HeCMOTPS Ha MaKCHMaJ/bHYH JUeTUUYeCKYHO
U aJleKBaTHYIO MeJJUKaMEeHTO3HYI0 Tepanuio, ypo-
BeHb xosiectepuHa XC-JIITHII B TeueHure 12 mecsneB
He CHW)XXaeTcs /10 LiesieBbIX MoKa3areneil [1o aHHbIM
0630pa nocneguux uccnenoBanuii Parhofer K.G. 6bu1
CZiesiaH BbIBOJ, UTO CHIbKeHHe yposHs XC-JITTHII, aro
B u JIn(a) 3a oguH ceaHc TepaneBTHYeCKOro agepesa
MO>KET ZIOCTUraTh B cpeHeM Ha 65 % [44, 45].
Adepe3 pekoMeH/[yeTcsl HAUMHATh B paHHEM BO3-
pacTe ¥ MPOBOAUTD PErY/ISPHO C LieJIbI0 MOTyYeHUs
Ke/jlaeMoro pesysbTara J1e4eHHst CepieuH0-COCYANUCTBIX
3aboneBanuii. Ceituac posb aepe3a HeCKOJIBKO CHU-
3W/1ach B CBSI3W C MHTEHCHBHOM pa3paboTkoii bonee
MOIL[HBIX ¥ Pa3HO0Opa3HbIX MPeraparoB [J/is Tepopasib-
HOT'0 TIpHeMa C LieJIbHO JIeYeHMs TUIepXo/ieCTepUHEeMUY,
HO BCe >K€ OH UrpaeT 3HaYMMYIO POJib B Teparuu 00Jib-
HbIX CeMelHbIMU (hopMamu runepxosiecTepruHeMu [46].

BbiBogbl

B xoze aHanv3a iuTepaTypHBIX AAaHHBIX O HO-
BeWIINX MOAX0JaX K FUIOIUNHUeMUYeCKOM Teparnuu,
MOJKHO C/ieJiaTh BBIBOJZ, O TOM, UTO CTaTHHBI BCe ellje
TIPe/ICTAB/ISIFOT OO0 OCHOBHBIN KJ/IacC JIeKapCTBEH-
HBIX TIperiapaToB, NMPHUMeHsIeMbIX IPU HapYLLIeHUsX
UTUAHOTO 0OMeHa, OZJHAKO B HEKOTOPBIX C/Iydasix
VX MCII0J/Ib30BaHWe He T03B0JIsSeT JOCTUYD Lie/IeBbIX
ToKasaresel IMIONPOTeMHOB. B TakoMm cityyae cienyet
PacCMOTpeTh UCIO/Th30BaHEe KOMOMHUPOBAHHOM T~
TIOJTUITHIEMUYe CKOM Teparnuu ¢ 33etumubomM, nPCSK9,
JIBOVHAs W/T TPOMHAsI CXeMbI 3apeKOMeHZI0BaIn Cebst
BBICOKO?(QeKTUBHBIMU U Oe30macHbIMU. B HacTosimiee
BpeMsI IPOBOJUTCS OOJTBIIIOE KOJTMYECTBO KITMHUUECKUX
WCTIbITAaHWH, HAlPaB/IeHHBIX Ha U3yueHHe HOBBIX KJlac-
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COB TUIOJIMITHEMUUEeCKUX TIperapaToB, HO BOIIPOC KX
6€e30MacHOCTH TO-TIPe)KHeMY OCTaeTCsi OTKPBIThIM. Or-
TUMM3aLs TUTO/TUIWeMAYeCKOW Teparuu Mo3BO/IUT
YBeTMUUTE ee 3(hHeKTUBHOCTb, TOBBLICUTH TIPUBEPIKEH-
HOCTb K JIEYeHHIO, a TaKXKe YIYULINTh KaueCTBO )KU3HU
TMAIMeHTOB C UIIIeMUUeCKOl 00/Ie3HBI0 cep/iia 3a CueT
CHIDKEHUSI PUCKOB CepJIeYHO-COCYAUCTBIX OC/IOKHEHUH.
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Abstract. Relevance. Stroke is a public health problem, with over 90 % of cases worldwide attributable to a combination
of individual clinical or behavioural risk factors, which are generally classified as non-modifiable and modifiable risk factors.
The aim of this study was to determine the stroke risk factors prevalent among stroke patients in Bujumbura, the economic
capital of Burundi. Materials and Methods. This was a descriptive and prospective study performed over a 6-month period
from February to August 2020. 71 stroke patients who were hospitalized for a stroke confirmed by cerebral CT scan in the two
teaching hospitals of Bujumbura were collected. Results and Discussion. Stroke risk factors were frequently found among stroke
patients in Bujumbura. In fact, 91.55 % had at least one risk factor for stroke, with an average of 2.86 per patient. These factors
are mainly cardiovascular (91.62 %), with hypertension accounting for the largest share (46.48 %), followed by regular alcohol
consumption (33.80 %). Age was the most common non-modifiable risk factor in these patients, with 73.25 % aged over 50 and
an average age of 59.87. There was a predominance of male patients, the sex ratio was 1.29. As in the literature, ischemic stroke
predominated (69.01 %), while the recurrence rate was 14.6. Other risk factors that were found to be significant were sedentary
lifestyle (26.76 %), diabetes (16.90 %), obesity (8.45 %) and smoking (5.63 %). The positive HIV/AIDS seroprevalence rate
was 8.5 %, whereas the national prevalence rate was 2.97 %. Conclusion. Risk factors for stroke are found in the large majority
of patients in Bujumbura. They are diverse, but are mainly dominated by cardiovascular pathologies, in particular hypertension.
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Introduction

Stroke is a major public health problem worldwide
because of its frequency, mortality, residual physical
and cognitive disabilities, and the high cost of its
management [1]. More than 90 % of observed stroke
cases worldwide are attributable to a combination of
individual clinical or behavioral risk factors. These are
generally classified as non-modifiable and modifiable
risk factors [2,3].

Sub-Saharan Africa has the highest incidence,
prevalence, and lethality of stroke in the world, but
detailed characterization of stroke risk factors on this
continent remains challenging [4].

In Burundi, we do not have a national stroke
registry, but some partial studies already show that
stroke is a reality in our country. In 2009, a study
conducted at KTH reported a stroke hospitalization
rate of 2.3 % and a poor prognosis with a mortality rate
of 38.8 % [5]. However, there is no neurovascular unit
in our country, so curative management of stroke has
not yet been started.

In this context, it would be important to focus
efforts on preventive management of stroke, which
would undoubtedly involve good upstream management
of the various risk factors, especially since 90 % of
strokes are attributable to risk factors that can be
modified by a better lifestyle [6]. It is with this aim that
we performed this study to determine the epidemiology
of risk factors among stroke patients in Bujumbura.

Materials and methods

This is a descriptive and prospective study that
focused on stroke patients who were hospitalized in
a 6-month period from February to August 2020. It was
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conducted in the only two teaching hospitals located
in Bujumbura, the economic capital of Burundi. These
are the Kamenge teaching hospital and the Kamenge
military hospital (KMH). In addition, these two hospitals
were chosen for our study because they house the few
neurologists who practise in our country, which means
that most stroke patients should be hospitalized there.

Confirmation of stroke by cerebral CT scan was
the only inclusion criterion, because MRI was not yet
available throughout the country at the time of the
study. Data were collected from patients and their
medical records after informing them voluntary consent
to participate in the study according to the Helsinki
Declaration of the World Medical Association (WMA
Declaration of Helsinki — Ethical Principles for Medical
Research Involving Human Subjects, 2013) and personal
data processing.

After collection, the data were entered and analyzed
on the computer using Epi-info software version 7.2.6.

Results and discussion

The probability of getting a disease varies according
to certain parameters that constitute the risk factors.
In our study, out of 71 stroke patients, 65 of patients
(91.55 %) had at least one risk factor. It was a single
risk factor in 8.45 % of patients, 2 factors in 28.17 %, 3
risk factors in 29.58 %, and more than 3 risk factors in
25.35 %. The average stroke risk factor was scored as
2.86 per patient. These results show that stroke patients
in Bujumbura accumulate its risk factors since they
even exceed the average of 1.6 per patient recorded in
the Swedish stroke registry in 2014 [7] and by far the
1.23 recorded in Algeria in 2016 [8]. Furthermore, in
a study done in France in 2016, all patients had at least
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one risk factor, and 77.7 % of patients had more than
two stroke risk factors [9].

Among these risk factors for stroke found in this
study, age was the most important non-modifiable factor.
Indeed, age is the greatest determinant of stroke, and
the risk of stroke doubles every decade beyond the
age of 55. It can also be considered as a marker of the
duration of exposure to other risk factors [10]. The mean
age found in our stroke patients was 59.87 years, and
74.65 % were older than 50 years; the youngest patient
was 2 years old, the oldest was 103 years old. This mean
age approaches closely to 61.38 years; found in a stroke
study conducted in our country in 2012 [5]. Almost the
same average age was also found in other studies done
in black Africa such as in Togo (58.66 years) [11]; in
Ivory Coast (60 years) [12] and the one conducted in

Ghana and Nigeria in 2018 which found an average
age of 58.4 years [4]. However, this average age is
lower than that of Western patients where Bezanson C.
in France found an average age of 73 years [13]. This
difference can be explained by the youth of the African
populations, of which Burundi is one.

Male patients accounted for 56.33 % in our study,
a sex ratio of 1.29. The incidence of stroke is higher
in men than in women, but this difference decreases
with age [14]. Although this male predominance of
stroke patients has been described in the literature for
a long time [15], there are studies that also find a female
predominance, such as that of N’goran Y. and colleagues
in Abidjan with a sex ratio of 0.44 [12] or Balaka A.
and colleagues in Togo with a sex ratio of 0.66 [11].

Table
Distribution of stroke risk factors
Risk factor Frequency Percent
Over 50 years old 53 74,65 %
Arterial hypertension 33 46,48 %
Regular alcohol consumption 24 33,80 %
Sedentality 19 26,76 %
Diabetes 12 16,90 %
Personal history of stroke 10 14,08 %
Familial history of stroke 8 11,27 %
Cardiovascular risks
Obesity 6 8,45 %
Heart valve disease 5 7,04 %
Smoking 4 5,63 %
Atrial fibrillation cardiac arrhythmia 3 4,23 %
Dyslipidemia 3 4,23 %
Dilated cardiomyopathy 3 4,23 %
Atheromatous disease 2 2,82 %
Use of antiplatelet drugs 7 9,86 %
HIV/AIDS 6 8,45 %
Others risks Oestroprogestogenic contraception 2 2,82 %
Sickle cell disease 1 141 %
Migraine 1 1,41 %

In our study, ischemic stroke was diagnosed in
69.01 % of patients, 11.27 % had a family history of
stroke and 14.80 % of strokes were recurrent. In the
literature, the risk of stroke recurrence is still significant.
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It is estimated at 10 % during the first year and 20-30 %
at 5 years [16]. Our results are similar to those of
N’goran Y. and colleagues [12] in Abidjan who found
in their study that 15.6 % of strokes were recurrent.
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The cardiovascular risk factors alone accounted
for 91.62 % and were largely modifiable. Arterial
Hypertension was the main modifiable risk factor
identified in 46.48 % of patients. All studies on stroke
risk factors have long agreed on the primary role
of arterial hypertension in the event of this disease,
although the statistics may vary from one study to
another. Thus, Balaka A. and colleagues in Togo found
that 67.12 % of stroke patients had arterial hypertension
(11), and more than that; Gombet T.R. and colleagues in
Congo Brazzaville (17) and N’goran Y. and colleagues
in Ivory Coast (12) found 85 % and 86.4 % respectively.

Regular alcohol consumption was the second
modifiable risk factor found in our study at 33.80 %. By
the way, the relationship between alcohol consumption
and stroke risk is biphasic. High levels of alcohol
consumption increase the relative risk of stroke, whereas
low to moderate alcohol consumption may be protective
against the event of a global or ischemic stroke [18].
Other authors have also found alcohol consumption
in stroke patients but at varying rates. Thus, in Mali,
Damorou F. and colleagues found it in 31.8 % of
patients [19]; in Togo, Balaka A. and colleagues found it
in 56.16 % [11]; but in Congo Brazzaville, Gombet T.R.
and colleagues found that only 5 % of patients consumed
alcohol [17].

Sedentary lifestyle (26.76 %), diabetes (16.90 %),
obesity (8.45 %) and smoking (5.63 %) are also
modifiable risk factors for stroke that were also found
in our study at significant rates. These risk factors are
often cited in other studies. For example, in a study done
in Ghana and Nigeria in 2018, these factors are also
listed in the top eleven risk factors associated with stroke
occurrence [4]. They are more present in the patients of
a Guinean study where Condé K. and colleagues found
that 31.3 % of the patients were diabetic and 62.0 %
had abdominal obesity [20].

HIV/AIDS and its antiretroviral treatment are
associated with a high risk of cardiovascular disease
such as stroke [21]. For a national prevalence of 2.97 %,
in our study, 8.5 % of stroke patients were HIV positive;
this prevalence was 7.5 % in a previous study performed
in our country [5]. This prevalence is comparable to

CARDIOLOGY

8.1 % found by Fiawoo M. in patients with stroke in
Togo with a national prevalence of 2.9 % [21].

Study Limitations

During the 6 months of the study, in two teaching
hospitals, we collected only 71 patients because not
all suspected stroke patients were able to pay for
a CT scan. Some risk factors would be less identified
because the complementary examinations to find them
are insufficiently done because of the lack of financial
means of the patients, or are not available at the hospital
at all.

Conclusion

The risk factors for stroke are identified in the
great majority of patients suffering from this pathology
in Bujumbura and their frequency is alarming. Most
of these factors are of cardiovascular origin and are,
however, modifiable. Their adequate management
will help to reduce the morbidity and mortality related
to stroke in Burundi, where thrombolysis is not yet
practiced.
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dakTopbl pucKa uHcynbTa B By)xyméype

Jaunsns HayBaiio g, Jleonupac XaBbsAipuMaHa, Teeppu Cubomana

YuuBepcuret BypyHay, e. Byscymbypa, BypyHou
Pl danielnduwayo@yahoo.fr

AHHoTanus. AKmyaibHocmb. VIHCYNbT siBrsieTcst Mpo06sieMoii 0611ecTBeHHOTO 37ipaBooxpaHenust: 6osee 90 % ciyyaeB
BO BCeM MHpe 00yC/IOB/IeHbI COUeTaHHUEM OT/e/bHBIX KIMHUUECKUX WU MOBeJleHUeCKUX ()aKTOPOB PUCKA, KOTOPbIe 0OBIYHO
K/IacCU(ULIMPYIOTCS KaK HeMOAUGHULIMpYeMble 1 MOAUGULIPYeMble (aKTOPbI pUCKa. Leabto 3TOTro Mccie[oBaHus ObIIO orpesie-
NleHre (aKTOPOB PUCKAa UHCY/bTA, PACMIPOCTPAHEHHBIX CPe/U MALIeHTOB C UHCYILTOM B By)XymMOype, 3KOHOMIUeCKO CTO/TULe
BypyHau. Mamepuasbt u MemoObl. DT0 OBbIJIO OMMCaTeTbHOe U TIPOCIIEKTHBHOE UCCIe[l0BaHue, TPOBOJUBILIEECS] B TeUeHUe
6-MecstuHoTrO Ieproza ¢ despass ro aBryct 2020 roza. bria cobpana nHdopmarus o 71 naiyeHTe C MHCY/IETOM, TOCITUTAIN3H-
POBAHHBIX TI0 TIOBOJIy MHCY/IBTA, TTO/ITBEPK/IEHHOTO KOMITBIOTEPHO TOMOTpadueli roJIOBHOTO MO3Ta, B IByX Y4eOHBIX O0/TbHHULIAX
Byxym0ypsl. Pe3ynbmambl u obcyxcoeHue. DakTopbl pUCKa UHCY/IbTA YaCcTO 00HAPY>KUBA/IMCh CPeJU TIALMEHTOB C MHCY/IETOM
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B ByxymOype. ®aktruecku 91,55 % UMenu 1o KpaiiHeli Mepe ouH (akTop pyUcKa MHCY/BTa, B cpeHeM 2,86 Ha maupeHTa. JTH
(haKkTOpBI B OCHOBHOM CepieuHo-cocynuctbie (91,62 %), mpu 3ToM HaubobILast A0/ IPUXOAUTCS Ha TUIePTOHMIO (46,48 %),
3a KOTOPO# c/iefiyeT perysipHoe ynotpebnenue aakoross (33,80 %). BospacT 6b1 Haubo/iee 4acThiM HEMOJU(PUIIPYEMbIM
(hakTOpOM pHCKa y 9TUX MaljueHToB: 73,25 % ObuTH B Bo3pacTe crapiie 50 jieT u cpeanuii Bo3pact 59,87 ner. [Tpeobnaganu
Tal[MeHTHl MY>KCKOTO T10J1a, COOTHOLIIeHHe T10J10B cocTaBmio 1,29. Kak U B PYrux HayuHBIX HUCC/IeI0OBaHUSX, Iipeobiazan
uremMuue CKuid UHCYEBT (69,01 %), a yacToTa peluaAnBoB coctapwia 14,6. JIpyrumu akTopamMu prcKa, KOTOphIe OKa3auCh
3HAUUMbIMH, GBI MajIOTIOABKHBIN 00pa3 xusuu (26,76 %), nuabet (16,90 %), oxxupenue (8,45 %) u kypenue (5,63 %).
ITonoxuTeTbHBINA YPOBEHb CEPOJIOTMYeCKOM pacripoctpaneHHocTrt BUU/CITU/da coctaBu 8,5 %, Torna Kak o0IIeHaI[ioHaIbHBIN
YPOBeHb pacrpoCTpaHeHHOCTH cocTaBul 2,97 %. Bbigoobl. PaKTOPHI prCKa MHCY/IbTa 00HAPYKUBAIOTCS Y MTOJABJISIOIIEr0
OoJBIIMHCTRA ManyeHToB B By)kymOype. OHU pa3HOOOpa3sHbl, HO MPEUMYILECTBEHHO TIpe0b/1aJjaloT CepeuH0-COCYANCThIe
T1aTOJIOTHH, B UaCTHOCTH apTepHasbHasi THIepTeH3usl.
KiroueBble cj10Ba: MHCY/BT, PAaKTOP PUCKA, apTepyuabHast TUIepTeH3ust

HNudopmanus o puHaHCMPOBaHNY. ABTOPHI He TIO/Ty4ya/id HUKaKoW (\MHAHCOBOM TTOAeP>KKU /IS NCCIIe/JOBaHNsl, aBTOPCTBa
Y MyO/IMKaLUK IaHHOM CTaThU.

Bkuaj aeTopoB. Haygaiio [15HMeNn — KOHLIENWS ¥ JU3aliH UCCTeJoBaHus, 0030 IMTEPaTyphl, HalMCaHWe TeKCTa; XaBbsiprMaHa
JTeonupac — cbop, 06paboTKa MaTepHanoB, CTaTHCTHUeCKast 06paboTKa JaHHbIX; Cubomana Theppu — UCTIPaB/IeHHe PYKOIHCH.
Bce aBTOpBI BHECIM 3HAYUTE BHBIN BK/Ia/ B Pa3paboTKy KOHIIEILMH, UCCeJOBaHNs 1 TIOATOTOBKY PYKOITHMCH, TIPOYUTAITH
Y YTBEP/WIN OKOHUATeTBHYIO BEPCHIO TIepe]] MmyOIMKaLyen.

I/IHClJOPMaI.II/Iﬂ 0 KOH(l)JII/IKTE HUHTEpeCoB. ABTOpI:I O6'I>$[BI/I]'[I/I, UTO HEeT HUKaKHUX KOH¢)]'[I/IKTOB HVHTEpeCOoB

JTHYecKoe yTBepk/eHue. VccienoBanue Obiio0 0100peHO KOMUTETOM I10 STUKe MeJUIIMHCKOrO (haky/ibTeTa YHUBEpCUTeTa
Bypyngu.

BiarogapHoCcTH — HENPUMEHKMO.

HNudopmupoBaHHoe coryiacue Ha myoaukaiuio. [lepes MpoBefieHUEM HUCC/IeA0BaHUs ObIIIO 3aNpPOLIEHO U TIOJYYEHO pa3pe-
LIeHWe OT AWPEKTOPOB COOTBETCTBYHOLIMX 60/bHUL. OT MarieHTOR ObIIO MOIYYeHO AOOPOBOIbHOE MTMCEMEHHOE COTIacHe
Ha UCC/IeIOBaHNe U MyO/IMKALIAI0 COOTBETCTBYIOIEH MeAUIIMHCKOM MH(OPMAIK B COOTBETCTBUH C XeThbCUHKCKON JeKiapa-
ured WMA — DTuueckue NMPUHLMIBI MeIULIMHCKUX UCC/Ie0BaHUH C yyacTieM mrogent, 2013 1.
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Respiratory dysfunction prediction in patients after
the left ventricle geometric reconstruction
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Sergey A. Danilov ', Inessa V. Slivneva
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Abstract. Relevance. One of the most common complications after cardiac surgery is respiratory dysfunction (RD). The
high-risk group includes patients after the left ventricle geometric reconstruction (LVGR) due to the presence of chronic heart
failure, as well as the complexity and extent of the surgical intervention. At the moment, in clinical practice there is no uniform
approach to predicting RD in patients in this group. The aim: to identify predictors of the development of RD in the early
postoperative period in patients after LVGR. Materials and methods. The study included 54 patients who underwent LVGR
surgery. Two groups of patients were identified: group I — patients without respiratory complications in the early postoperative
period (n = 34); group II — patients with RD in the early period (n = 20). Cardiac function, respiratory system and gas exchange
parameters were assessed in the pre- and early postoperative period. Results and Discussion. Echocardiography and spirometry
indices in the group with RD were reduced before surgery relative to group I (FVC by 10.9 %, p = 0.009; EDV by 27 %, p = 0.004).
Patients with RD on the first day after surgery were characterized by a pronounced disturbance in gas exchange compared to
patients in group I (PaO,/FiO, decreased by 45.1 %, p < 0.001; Qs/Qt increased by 71.4 %, p < 0.001). A multifactorial model
was developed, which included three basic predictors of RD development: FVC, FEF, and EDV. With a decrease in model
indicators by 1 %, the risk of developing RD increased by 33.5 %, 24.8 % and decreased by 6.5 %, respectively. According to
ROC-analysis, the most significant indicators were FEV, (AUC 0.829 + 0.079) and EDV (0.838 + 0.087). To assess the risk of
developing RD, a classification tree was constructed. Node 7 is characterized by the highest risk with the following parameters:
FVC <89.5%, EDV > 173.2 ml, FEF_ < 78.9 %. Conclusion. Impaired gas exchange on the first day after surgery was detected
in all studied patients, however, pronounced RD was observed precisely in patients with the most reduced parameters of the
cardiorespiratory system before surgery. The developed model for predicting RD in patients after LVGR makes it possible to
assess the risk of respiratory complications at the surgical planning stage and prepare the patient’s cardiorespiratory system for
the upcoming surgical intervention.

Key words: the left ventricle geometric reconstruction, respiratory dysfunction, prognosis, predictors, spirometry
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Introduction

Respiratory dysfunction (RD) is one of the most fre-
quent complications after cardiac surgery, occurring in
9-35 % of cases depending on the complexity of the op-
eration [1, 2]. One of the most dangerous complications
occurring in patients with RD is ventilator-associated
pneumonia, which occurs in 9-21 % of patients and
has a mortality rate of up to 75 % [3].

The main risk factors for respiratory dysfunction in
patients undergoing cardiac surgery in the early postop-
erative period are: PAP_ >30 mmHg, BMI>30 kg/m’,
age > 75 years, history of acute cerebrovascular accident
and COPD, and EF<30 % [2,4]. In addition, patients
with chronic heart failure (CHF) are at risk, because
this disease provokes the development of congestion in
the small circulation circle, promotes the formation of
interstitial pulmonary edema [5] and increases sputum
production [6], which can lead to various disorders of
external respiratory function (ERF).

Patients with CHF include, in particular, patients
with postinfarction left ventricular aneurysm. The de-
velopment of CHF in this group of patients is caused by
dilatation of LV chamber due to extensive myocardial
infarction and change of its shape from elliptical to
spherical [7], which leads to a decrease in myocardial

CARDIOLOGY

contractility and hemodynamic disorders in both large
and small circles of blood circulation [8]. To restore
the elliptical shape of LV, left ventricular geometric
reconstruction (LVGR) is performed in this group of
patients.

However, taking into account the complexity
and volume of this surgical intervention, as well as
the presence of CHF, the risk of early postoperative
respiratory dysfunction in patients of this group can
be quite high [9, 10].

Therefore, for risk stratification of unfavorable
outcomes it is necessary to identify predictors of res-
piratory dysfunction characteristic for this group of
patients. The scientific literature devoted to predicting
respiratory dysfunction in patients after cardiac surgery
is extremely sparse.

Unfortunately, at present there are no unified ideas
about the possibilities and algorithms for predicting respira-
tory dysfunction in patients after cardiac surgery [11-13].
In the domestic and foreign literature, we failed to find
large-scale fundamental studies devoted to the prediction
of respiratory dysfunction in patients after LVGR.

Thus, the aim of our study was to identify predictors
of early postoperative respiratory dysfunction in patients
after the left ventricular geometric reconstruction.
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Materials and methods

The retrospective study was performed on the basis
of A.N. Bakulev National Medical Research Center for
Cardiovascular Surgery of the Ministry of Health of
Russian Federation and approved by the local ethical
committee (protocol Ne 5 of 07.10.2023). The study used
the results of examination of 54 patients (44 men and
10 women), the average age of whom was 62 + 6 years,
who underwent elective surgery for left ventricular
geometric reconstruction (LVGR).

Inclusion criteria: 1) patients after left ventricular
geometric reconstruction; 2) absence of chronic res-
piratory diseases; 3) age from 18 years; 4) absence of
respiratory complications in the early postoperative
period; 5) development of respiratory dysfunction in
the early postoperative period.

Depending on the course of the early postoperative
period and compliance with the inclusion criteria, two
groups of patients were singled out: group I — patients
without complications in the early postoperative period
(n = 34); group I — patients with respiratory dysfunc-
tion in the early postoperative period (n = 20).

The study used baseline data of external respiratory
function (ERF), echocardiography (ECHO-CG) and
computed tomography (CT), as well as clinical and
demographic characteristics of the patients. In addition,
data from the surgical and intensive care phases of
patient treatment, results of blood laboratory tests, and
data from pulmonary artery pressure (PAP) measure-
ments, including pulmonary capillary wedging pressure
(PCWP) with a Swan-Ganz catheter were additionally
included.

Baseline ERF data were provided by the patients at
the time of hospitalization. The following spirometric
parameters were taken into account: forced vital capacity
of the lungs (FVC), forced expiratory volume in 1, 3
and 6 seconds (FEV,, FEV, and FEV ), Gensler index
(FEV /FVC), maximal ventilatory volume (MVV),
forced expiratory duration (FET), FEV /FEV  index,
maximal volumetric expiratory flow rate (FEF ., FEF_,
FEF , FEF, ), peak expiratory flow (PEF) and es-
timated lung age (ELA). The results obtained were
expressed as a percentage of the estimated expected
values (%Predicted).
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Echocardiographic study was performed according
to the recommendations of the American Echocardi-
ographic Society using a Philips HD15 (Philips, the
Netherlands) [14]. The following left ventricular pa-
rameters were taken into account: end-diastolic volume
(EDV), end-systolic volume (ESV), ejection fraction
(EF), end-diastolic dimension (EDD), end-systolic
dimension (ESD), stroke volume (SV) and the presence
of LV hypokinesis zones.

According to generally accepted formulas, the
following gas exchange indices were calculated: ox-
ygenation index (PaO,/FiO,), blood oxygen capacity
(Ca0,), partial pressure of alveolar oxygen (PAO,),
intrapulmonary blood shunt (Qs/Qt), oxygen delivery
index (DO,), oxygen consumption index (VO,), oxygen
extraction coefficient (REO,), alveolar-arterial oxygen
gradient (P(A-a)0O,).

The operation was performed under general an-
esthesia with artificial circulation and artificial lung
ventilation, at normal or moderately hypothermic body
temperature. Myocardial protection was performed
using cardioplegic solution.

Statistical analysis was performed in Stattech 3.1.7
and SPSS 26.0 programs. Normality of distribution
was assessed using the Shapiro-Wilk criterion. For
normal distribution, mean values (M), standard devi-
ations (SD) and 95 % confidence interval (95 % CI)
were calculated to describe quantitative data. For data
with non-normal distribution, median values (Me) and
upper and lower quartiles (Q,-Q,) were calculated.
When comparing two groups by quantitative indicator
with normal distribution, Student’s t-criterion was used,
in the absence of normal distribution, Mann-Whitney
U-criterion was used.

The method of binary logistic regression was used
to create a model predicting the development of respira-
tory dysfunction. The quality of the model was assessed
based on the values of Nagelkerke’s R2 coefficient.

The method of ROC-curve analysis was used to
predict the risk of respiratory dysfunction development.
The obtained results were evaluated on the basis of
area under the curve and statistical significance of
calculations.
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The CHAID (Chi Squared Automatic Interaction Detection) method was used to rank patients by the degree
of risk of respiratory dysfunction development, as well as to determine the prognostic significance of various

cardiorespiratory system indices. The values were considered significant at p < 0.05.

Results and discussion

Patients of the two studied groups had no differences in demographic parameters (Table 1). Among the
concomitant pathology in groups I and II, hypertension was the most frequent (70.6 % and 90 %, respectively).
Statistically significant differences between the groups were also revealed in COVID-19 incidence: in group
I there were 2.7 times more such patients (p = 0.046).

Table 1
Clinical and demographic characteristics of patients
Indicators (grgug 4|) ((r51 rclugtl)l) P
Demographic indicators

Age, full years 64 [60-68] 61 [59-64] 0,465
Height, cm 1727 174 +9 0,419
Body weight, kg 84 +15 83+10 0,868
Body mass index, kg/m? 29+4 274 0,428
Female, abs. (%) 4(11,8) 6(30,0) 0326

Male, abs. (%) 30 (88,2) 14 (70,0) '
Smoking, abs. (%) 18 (52,9) 6 (30,0) 0,424

Concomitant diseases
COVID-19, abs. (%) 22 (64,7) 4(20,0) 0,046
Diabetes mellitus 8(23,5) 0(0,0) 0,264
Chronic renal disease 2(5,9) 6(30,0) 0,128
Hypertension 24 (70,6) 18 (90,0) 0,363
Acute cerebrovascular accident 2 (5,9) 2(10,0) 1,000
Surgical characteristics of patients
Duration of operation, hour 6+2 6+1 0,303
Duration of cardiopulmonary bypass, min 113+ 56 148 £ 65 0,159
Aortic compression time, min 55+28 72 + 21 0,124
Number of shunts applied 11 2+1 0,297
Duration of stay in the ICU, hour 42 [21-46) 175 [145-264] 0,005
Duration of ventilation in the ICU, hour 20 [12-22] 146 [99-226] < 0,001

Computed tomography revealed reticular
changes in the lung parenchyma in 23.5 % of group
IT patients (p = 0.041). This pathology was not
detected in group I.

Regression analysis showed no effect of imaging
data and COVID-19 incidence on the risk of respiratory
dysfunction.

CARDIOLOGY

Intraoperative characteristics did not differ be-
tween the two groups, but in group II, the duration of
stay in ICU in the early postoperative period was 4.1
times longer (p = 0.005) and the duration of artificial
ventilation was 7.3 times longer (p < 0.001).

During the first day in ICU, significant differences
in gas exchange parameters were observed between the
groups (Table 2).
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Table 2
Indicators of gas exchange in the ICU on the first day after surgery
Indicators Group | Group Il P
. 332+108 182 + 59
Index PaO,/FiO, [276-388] [140-225] < 0,001
148 £17 133116
Ca0, ml/! [139-157] [121-144] 0.031
156 + 64 265+ 71
P(A-2)0, mmHg [123-189] [214-316] < 0,001
9 144 2416
Qs/Qt% [12-17] [19-28] < 0007
Index DO, mi/kg/m é,%%ﬂiﬁ [305;_1221” < 0,001
VO, index, ml/kg/m? [772339] [576_482] 0,011
. 27+6 30+9
REO,,% [24-30] [24-36] 0,317

Thus, the oxygenation index (PaO,/FiO,) in group
IT was reduced by 45 %, and intrapulmonary blood shunt
was increased by 71.4 % relative to similar parameters
of group 1.

The pulmonary artery pressure (PAP_ ) was sta-
tistically significantly different between the groups by
12.5% (p = 0.027), at the same time, no differences were
found in the PCWP__parameter (p>0.05) (Table 3).

Some indicators of hemodynamics in the small circle of blood circulation in the ICU on the first day after the operation able 3
Indicators Group | Group | P
PAP ., mmHg 24 [20-26] 27 [24-32] 0,027
PCWP__, mmHg 16 [13-19] 17 [13-18] 0,919

Analysis of the results of spirometry and echocardi-
ography performed before surgical intervention showed
statistically significant differences between the groups.
According to the data presented in Table 4, patients

who developed respiratory failure were characterized
at the preoperative stage not only by decreased volume-
velocity respiratory indices, but also by increased LV
volume and linear characteristics.

Table 4
Indicators of spirometry and echocardiography performed before surgery and having statistically significant differences between the groups
Indicators Group | Group Il P
FVC,% 91+ 7[87-94] 81 +12[72-89] 0,009
FEV,,% 91 +15[83-99] 79 + 8[72-85] 0,028
FEV,,% 92 + 13 [85-98] 77 +8[72-83] 0,012
FEF,,% 80+ 13 [73-87] 70+ 6 [65-74] 0,024
FEF, % 77 [58-98] 58 [53-69] 0,045
ELA,% 100 [94-112] 122 [114-137] 0,003
MVV,% 89+ 17[81-98] 74 + 8 [68-80] 0,012
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End of the table 4
Indicators Group | Group Il P
EDV, ml 170 [154-181] 216 [183-269] 0,004
EDD, mm 59 + 5[56-62] 65+ 8 [59-71] 0,035
ESD, mm 46 t+ 5[43-49] 52 + 8 [46-58] 0,030

Binary logistic regression analysis was performed to
identify predictors of RD development among cardiores-

piratory system parameters. The results of single-factor
analysis of predictors are presented in Table 5.

The results of a single-factor analysis of predictors of development RD in patients after LVGR rable s
Predictor OR 95% Cl P
FvC 0,895 0,806-0,994 0,034
FEV, 0,928 0,860-1,002 0,052
FEV, 0,892 0,811-0,980 0,017
FEF,, 0,891 0,795-0,998 0,046
FEF, 0,970 0,931-1,011 0,150
ELA 1,057 1,003-1,113 0,039
MVV 0,908 0,827-0,998 0,027
EDV 1,029 1,000-1,055 0,020
EDD 1,154 0,998-1,335 0,054
ESD 1,237 1,029-1,486 0,024

According to the data obtained, an increase in such
parameters as ELLA, EDV and ESD was accompanied by
an increase in the risk of respiratory dysfunction. The
other predictors presented in the table showed an inverse
relationship with the risk of respiratory dysfunction
after LVGR surgery.

To obtain a multifactor model predicting the
risk of respiratory dysfunction in patients after sur-
gical treatment of LVGR based on spirometry and
echocardiography data, we used a binary logistic

regression method with factor selection by exclusion
method.

The obtained model is described by the equation:
P=1/(1+e-z)*x100%
z = 27,982-0,287X -0,222X + 0,063X,
where P— probability of RD development, X, —FVC,
X,—FEF,, X,—EDV.

The characteristics of the predictors included in
the model and affecting the likelihood of respiratory
dysfunction are summarized in Table 6.

Multifactorial analysis of the influence of predictors on the development of RD in patients after LVGR Table 6
Predictor AOR 95% Cl P
FVC 0,749 0,580-0,967 0,027
FEF,, 0,801 0,639-0,991 0,043
EDV 1,065 1,008-1,130 0,031
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Based on the Nagelkerke coefficient value, the
model obtained (p < 0.001) explained 80.3 % of the
variance occurring in the development of respiratory

dysfunction. The sensitivity of the model was 80 % and
specificity was 82.3 %. The ROC-curve of the model
is presented in Figure 1.

Fig. 1. ROC-curve of the model reflecting the dependence of the probability of RD development on
the data of the logistic function P

Thus, the results obtained, indicate that a 1 %
decrease in FVC increases the risk of respiratory
dysfunction by 1.335 times (by 33.5 %), and a 1 %
decrease in FEF_ increases the risk of RD by 1.248
times (by 24.8 %).

EDV is characterized by a direct correlation with
the risk of developing respiratory dysfunction. When
the EDV value decreases by 1 %, the risk of developing
RD decreases by 1.065 times (by 6.5 %).

To determine the threshold values of predictors
reflecting the state of the cardiorespiratory system
in predicting the development of RD in the early
postoperative period after LVGR, a ROC-analysis
was performed (Table 7). Among all the predictors
shown in the table, the largest area under the curve
(AUC) was shown by two parameters — FEV, and
EDV (Figure 2).

Comparative characteristics of ROC-curves reflecting the relationship between the probability rable 7
of RD and the initial parameters of spirometry and echocardiography
Indicators AUC 95% Cl cut-off Se,% Sp,% P
FVC 0,756 + 0,093 0,573-0,939 88 % 80 64,7 0,029
FEV, 0,829 + 0,079 0,675-0,983 87 % 73 70,6 0,005
FEF,, 0,791 £ 0,087 0,621-0,961 72% 76,4 70 0,013
ELA 0,825 + 0,084 0,689-1,000 112% 70 70,6 0,007
MVV 0,823 + 0,073 0,710-0,996 80 % 70 76,5 0,005
EDV 0,838 + 0,087 0,667-1,000 181 mn 80 70,6 0,004
ESD 0,813 £ 0,094 0,629-0,997 48 Mm 70 733 0,009

184

KAPOMOJIOT A



Alshibaya MM et al. RUDN Journal of Medicine. 2024;28(2)

b

Fig. 2. ROC-curve reflecting the relationship between the probability of RD and the initial indicators of EDV (a) and FEV, (b)

The CHAID method was used to analyze the effect
of predictors reflecting the state of the cardiorespiratory
system on the likelihood of developing respiratory
dysfunction and building a classification tree (Figure 3).

Cumulative statistics for the selected nodes are
presented in Table 8. According to the data obtained,
nodes 6 and 3 characterize patients with a low risk of

CARDIOLOGY

developing respiratory dysfunction, and nodes 7, 8
and 5 belong to patients with a high risk of RD. Node
7 has the largest share in the overall structure of the
classification tree and is characterized by the highest
risk of developing RD. The sensitivity of the obtained
model was 80 %, specificity was 88.2 %, and the overall
diagnostic significance was 92.6 + 3.6 %.
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Fig. 3. Classification tree of the studied predictors depending on the risk of respiratory dysfunction
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Characteristics of terminal nodes

Table 8

Node number

Parameter values

The share of the node in the
overall structure, abs. (%)

Respiratory dysfunction, (%)

7 FVC < 89,5%, EDV > 1732 ml, FEF, <789% 16 (29,6) 100
8 FVC <89,5%, EDV > 173,2 ml, FEF,, > 78,9 % 6(11,1) 333
5 FVC > 89,5%, FEV,<87% 6 (11,1) 333
6 FVC > 89,5%, FEV, > 87% 16 (29,6) 0
3 FVC < 89,5%, EDV = 173,2 ml 10 (18,5) 0

In this study, a comprehensive assessment of the
prognostic value of the indicators of the cardiorespirato-
ry system was carried out, and a model was developed
to predict the development of respiratory dysfunction
in the early postoperative period in patients after the
left ventricle geometric reconstruction.

The revealed intergroup differences in the pa-
rameters of the cardiorespiratory system in patients
with postinfarction left ventricular aneurysm at the
preoperative stage may probably indicate that the mech-
anism of development of respiratory dysfunction in the
early postoperative period involves not only potential
violations of ERF, but also more pronounced heart
failure [15].

The indicators of gas exchange and hemodynam-
ics in the small circle of blood circulation, in the first
postoperative day, differed from the physiological
norm in both groups. Nevertheless, severe respiratory
dysfunction developed mainly in patients of group II
with initially lower rates of ERF in combination with
more pronounced LV dilation.

CHF is known to be associated with impaired
lung ventilation function [16] and pulmonary gas
exchange [17]. At the same time, the degree of these
disorders is probably related to the occurrence and
severity of pulmonary hypertension, which probably
occurs in patients with CHF as a result of pulmonary
congestion [17, 18].

In group II patients, there was a significant increase
in Qs/Qt and P(A-a)O, indices, which may indicate
not only the presence of interstitial edema, but also
atelectasis. Indeed, there is quite a lot of data in the
scientific literature indicating that one of the causes of
the development of respiratory dysfunction is X-ray
negative microatelectasis of lung tissue resulting from the

CARDIOLOGY

damaging effects of artificial circulation, and manifested
by hypoxemia [19, 20]. Microatelectases resulting from
systemic inflammation and damage to the alveolar capil-
lary membrane can occupy up to 50 % of the lung tissue,
which leads to an increase in intrapulmonary bypass
Qs/Qt and impaired oxygenating lung function [21].

Low hemoglobin levels and a heart index at the
lower limit of normal may also contribute to increased
respiratory dysfunction in group II patients. In combi-
nation, this can have a direct effect on oxygen delivery
and absorption, causing oxygen debt [22].

Thus, initially reduced respiratory function indica-
tors and more severe heart failure in group II against the
background of the adverse effects of artificial ventilation
and artificial circulation probably lead to the formation
of microatelectasis and more pronounced stagnation in
the pulmonary circulation in this category of patients,
which leads to the development of interstitial edema,
moderate pulmonary hypertension, and a violation of the
ventilation-perfusion ratio and ultimately to a violation
of the diffusion of gases through the alveolar-capillary
membrane.

Univariate analysis using the logistic regression
method revealed a number of independent predictors
among indicators of both the respiratory system and
cardiac function (Table 5). It should be noted that the
FEF. predictor was not statistically significant, which
may likely indicate the variability of this indicator
and the dependence of the results not only on the
severity of concomitant pulmonary complications
and the severity of CHF, but also on the degree of
physical weakness of the patients [23-25]. The FEF
indicator reflects the condition of the small bronchi,
and it largely depends on the muscular effort of the
respiratory muscles. Obviously, in weakened patients,

187



Alshibaya M.M. et al. Bectaux PYJH. Cepus: Menuumna. 2024. T. 28. Ne 2

the strength of the respiratory muscles may be in-
sufficient to fully perform the breathing maneuver.

Using the ROC-analysis method, threshold values
were determined for various indicators of the cardiores-
piratory system. The largest area under the curve was
characterized by the EDV and FEF, indicators (Table 7).
In addition, in the analysis, EDV demonstrated high
sensitivity (80 %), so it can be recommended for strat-
ifying the risk of developing respiratory dysfunction
in patients planned for surgical treatment of LVGR.

The CHAID method was used to build a clas-
sification tree, resulting in a hierarchically ordered
structure consisting of a root node (FVC indicator)
and terminal nodes that characterize the best final
outcomes. In the resulting model (Figure 3), ter-
minal nodes 7, 8 and 5 characterize the categories
of patients with an increased risk of developing
respiratory dysfunction. In the analyzed cohort of
patients, the largest share in the overall structure of
the classification tree is occupied by node 7, consist-
ing of a combination of connections FVC < 89.5 %,
EDV > 173.2 ml and FEF, < 78.9 %, which was
identified in 16 patients (29.6 %) with a risk of de-
veloping respiratory dysfunction of 100 %.

Using multivariate analysis with logistic regres-
sion, a prognostic model was developed to predict the
risk of developing respiratory dysfunction in patients
after LVGR (Table 6). It included three factors: FVC,
FEF_ and EDV. Moreover, the FVC indicator with
a threshold value of 88 % showed fairly good sensi-
tivity (80 %) in a univariate analysis, but its specificity
(64.7 %) was low. However, within the framework
of a multifactorial model, the prognostic value of
this indicator turned out to be more significant. The
sensitivity and specificity of the resulting model were
80 % and 82.3 %, respectively.

It has been shown that when assessing the influence
of indicators of the cardiovascular and respiratory sys-
tems on the risk of developing respiratory dysfunction
in patients after geometric reconstruction of the left
ventricle, the use of multifactorial models and an in-
tegrated approach have an advantage over univariate
analysis.

188

Conclusions

Based on the identified risk factors for the develop-
ment of respiratory dysfunction in patients after the left
ventricle geometric reconstruction, a prognostic model
was developed, including three indicators — FVC,
FEF_ and EDV.

According to the ROC-analysis data, the EDV and
FEV, indicators had the largest area under the curve.
At the same time, the EDV indicator demonstrated
a fairly high sensitivity, so it can be recommended for
stratifying the risk of developing respiratory dysfunction
in patients planned for surgery for LVGR.

Deterioration of gas exchange parameters on the
first postoperative day was observed in all studied
patients. However, significant respiratory dysfunc-
tion was observed precisely in patients with initially
reduced parameters of the cardiorespiratory system at
the preoperative stage.

Identified predictors of the development of res-
piratory dysfunction in patients after the left ventricle
geometric reconstruction make it possible to stratify
the risk of respiratory complications at the stage of
planning the operation and take appropriate measures to
improve the functionality of the cardiorespiratory system
of patients before the upcoming surgical intervention.
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AnHoTanus. AkmyaibHocmb. OfHUM U3 HauboJsiee YaCThIX OCIOKHEHUH M0C/Ie KapAUOXUPYPruuecKUx BMeIaTe/IbCTB
sIB/sieTCsl pecripatopHas fqucdyskuus (P). B rpyrine ¢ BLICOKMM PUCKOM HaxOZSTCs MAljeHThI M0C/ie reoMeTpUUYeCcKol peKoH-
cTpyKuu# jieBoro xemynouka (I'PJIXK) u3-3a Hamunst XpOHUYECKOM CepZieuHOM HeIoCTaTOUHOCTH, a TAKXKe CI0KHOCTU U 00beMa
XUPYPruuecKoro BMeniaTeabCTBa. Ha JaHHBII MOMEHT B KJIMHUUECKOM MPaKTHKe HeT e[JMHOrO0 10AX0/a K IPOrHO3KpoBaHuto P
y MalMeHTOoB JaHHOW rpymIbl. L]enb uccnedoeaHus: BISIBUTh NTPeAMKTOPLI pa3BuTys P/I B paHHeM Ioc/eonepaljiOHHOM [epuozie
y nanueHToB nociie ['PJDK. Mamepuanbt u memoosb!. B ricciefoBaHye BKItOUeHO 54 maliyeHTa, repeHeciiux onepariyto I'PJDK.
BeiiesieHo [iBe TPyNITbI MALMEHTOB: TPyMIa I — marpieHTb! 6e3 pecrupaTopHbIX OC/I0KHEHWH B paHHEM T0C/Ie0NnepaljioHHOM
nepuoge (n = 34); rpynna II — nanuents! ¢ P[] B panHem nepuofe (n = 20). OtieHrBaIu NoKa3aTeiu CepAeuHon QyHKLH,
[IbIXaTeIbHOM CUCTEMBI U TIOKa3aTe v ra3000MeHa B /I0- U paHHeM I10C/IeoTepaliMoHHOM Tieprojie. Pe3yabmamal u obcydcoeHue.
[Mokazaresu DXO-KI' u ciupomerpuu B rpytme ¢ PII 6b11M CHUKeHBI ZIo onepalun otHocutensHo rpymet I (FVC Ha 10,9 %,
p=0,009; KOO Ha 27 %, p = 0,004). ITauueHTsI ¢ P/] B epBble CyTKY IOC/Ie OMepaljii XapakKTepr30BaaluCh BbIpaKeHHBIM
HapyleHreM ra3000MeHa OTHOCHUTEJTBHO TAl[ueHTOB IPyTIbI | (PaO,/FiO, cumkeH Ha 45,1 %, p<0,001; Qs/Qt yBenuueHo Ha
71,4 %, p <0,001). bouia pa3paboraHa MHOTOGaKTOpHAast MOJie/ b, B KOTOPYIO BOLITH TpU 0a30BBIX MpeArKTopa pa3eutus P/I:
FVC, FEF,, u KJO. IIpu cHWKeHnM rokasaresieit mogem Ha 1 % puck passutus PJJ Bospactan Ha 33,5 %, 24,8 % u cHmKancs
Ha 6,5 % cootBetcTBeHHO. [To fanHBIM ROC-aHam3a, HaubobIIy0 3HAUMMOCTb UMEJTH TT0Ka3aTe T FEV, (AUC 0,829 + 0,079)
n KJO (0,838 + 0,087). [sis1 orjeHKH pucka pa3BuTusi PII 66110 MOCTPOEHO ZiepeBo KilacCUUKALMU. Y3er 7 XapaKTepu3yeTcst
CaMbIM BHICOKMM PUCKOM TpH crielyroiux napamerpax: FVC < 89,5 %, KO > 173,2 mn, FEF_ < 78,9 %. Bbigodbt. Hapyiuenue
razoo0MeHa B MepBble CyTKH TIOC/Ie OTeparivu BhISIBJIEHO Y BCEX UCC/Ie/[yeMBbIX MalleHToB, O[JHAKO BbipaykeHHasi PJ] Habroanack
VMIMEHHO Y MarjueHToB ¢ Haubosiee CHKEHHBIMU MapaMeTpaMU Kap/IMOpeCIMPaTOPHOM CUCTeMBI o onepalyy. PaspaboraHHast
MoJenb NporHo3upoBanus PJ1 y nauuenTos nocie I'PJDK no3BosisieT oLjeHUTh PUCK PeCclpaTOPHBIX OC/IOKHEHUM Ha 3Tare
IJIaHMPOBAHMS oTlepaLiiy U MOATOTOBUTh KapAMopeCUpaTOpHYy CUCTeMY MaljieHTa K NpefCTosAleMy XUPypruyecKoMy
BMelllaTe/bCTRY.

KiroueBble cj10Ba: reoMeTpruecKasi peKOHCTPYKLMS JIEBOTO JKeyZ0uKa, peclipaTtopHasi JUC(yHKLs, IPOrHO3UPOBaHMUe,
MIpeJUKTOPbI, CIMPOMETPUS
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Bxkiajg aeropoB. M.M. Amibas, M.JI. Mamasibira, M.A. 3aTeHKO — KOHIIEII[US ¥ AU3akiH UcciefoBanysi, M.JI. Mamarbira,
M.A. 3ateHko, C.A. [JanuioB — c6op u 00paboTka MaTepurana, M.A. 3aTeHKO — CTaTUCTUUeCKast 00paboTKa, M.A. 3aTeHKO —
HamucaHue TekcTa, M.M. Anmnbas, M.JI. Mamaneira, M. A. 3arenko, 1.B. C/vBHeBa — pelakTHPOBaHUE.

HNudopmanys o KOHQUIMKTe HHTePeCcoB. ABTOPHI 3asiB/ISIFOT 00 OTCYTCTBUM KOH(IMKTA HUHTEPECOB.

JTHUYeCKoe YyTBep)K/eHne — 1CCIeloBaHKe 0/j00peHo JI0KaIbHBIM 3ThudeckuM KomutetoM ®I'BY « HMUL] CCX um. A.H. ba-
KyJsieBa» MuH3zapaBa Poccun (mpotokon Ne 5 ot 07.10.2023 1).

Bnarouapuoc*.m — HEeIpuMeHHMO.

HNudopMupoBaHHoe coriacue Ha my0aukanmio. [lepes rocriuTanu3aryeii OT BCexX NMalMeHTOB MOy4eHO0 MHPOPMUPOBaHHOE
corylacue Ha 00pabOTKy MepcoHaNBHBIX JaHHBIX, 00C/IeZ0BaHue, TPOBejeHNe HAYUHBIX UCC/IeI0BaHUN U OMyO/IMKOBaHNe
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OPUTMHAJIbBHOE UCCJIELOBAHUE
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Ocob6eHHOCTU PYHKLMOHAJIbHbIX BO3MOXXHOCTEN HEPBHOW CUCTEMDI
NOAPOCTKOB C Pa3/IMYHbIM TUMOM PErynsLumn cepaeyHoro purma

I.A. fImanosa! ~ =5 PA. Kygpun' ', A.A. AHTOHOBA®

! BonrorpazicKuii rocyapCTBeHHBINA MeJULMHCKHII YHUBEPCUTET, 2. Boneoepad, Pocculickas dedepayus
2 AcTpaxaHCKHIA TOCYjapCTBeHHbIA MeJULIMHCKUN YHUBEPCUTET, 2. AcmpaxaHb, Poccutickas @edepayus
> galina_262@mail.ru

AnHoranusa. AkmyaibHocmb. OJHOU U3 aKTya/bHBIX MTPpo6JieM BO3pacTHOW (U3MOIOTHY Ha TIPOTSHKEHHUH JITTETEHOTO
BpeMeHH 0CTaeTcs UCCIefloBaHNe MPOLrieccoB (DyHKI[MOHMPOBAHKS CHCTeM OpraHu3Ma B IIOAPOCTKOBLIN repuoy. M3yueHue
B3aMMOCBSI3eM Pery/IsITOPHBIX MEXaHN3MOB, 33/IeHiCTBOBaHHbBIX B (DOPMHUPOBAHMM a/leKBaTHOT'O a/lallTaljiOHHOT0 OTBETA B 3TOT
TIepUOJI, SB/ISIeTCS aKTyanbHbIM Harpae/ieHueM (pU3ro/IorinuecKux uccieoBaHuii. Leab. VI3yuuts 0cob6eHHOCTH QyHKIMOHAb-
HBIX BO3MO)KHOCTEI HEPBHOM CHCTeMBI yUaIlliXCsl pa3HOT0 BO3pacTa B 3aBUCHMOCTH OT Mpeo0/1a/jaroliero KOHTypa Perysisiun
cepgeuroro putMma (CP). Mamepuanbt u memoosl. UcciienoBanye IpoBe/ieHO cpefit 323 yualryxcst Ka3auybero KaZieTCKoro Kopiyca
MY>KCKOTO 11071a B Bo3pacTe ot 10 zo 17 niet. {71 perucTparyy ¥ aHa/ii3a BaprabeslbHOCTH CepiedHOT0 PUTMA, a TAK)KE OL[eHKH
(yHKLIMOHATEHBIX BO3MOYKHOCTEH HEPBHOM CUCTeMBI MCII0/Tb30BAJICS alapaTHO-IPOrPAMMHBIN KOMIUIEKC «3/I0POBbe-3KCIPecc-2»
(«MeIHLHCKIe KOMITBIOTEPHBIE CUCTeMbD», Poccusi). Pesyibmambi u obcyxcdeHue. Iofapstomiee 60BIIMHCTBO YUAIAXCS
Ka/IeTCKOTO KOPITyCa XapaKTepU3YIOTCsl yMepeHHBIM 1peo0/iaZilaHieM aBTOHOMHOTO KOHTYypa peryrsiiud CP. [TMK HanpsikeHUst
PeryJsITOpHbIX MeXaHU3MOB HabsrofaeTcst B Bo3pacte 12—13 siet. C ycuieHHeM BIMSTHUSL aBTOHOMHOTO KOHTYPA PeryJIsiLiuu
CP cHwKaroTcs 1okaszareny (yHKIIMOHa/IbHBIX BO3MO)KHOCTel HEPBHOM CHCTeMBI y JieTel B Bo3pacte 12—13 u 16-17 sieT.
YeroiunBocCTh peakuyu yuanmxcst 12—13 siet Hyoke cpepu feteit 11, 11, IV kareropuit peryssitun CP 110 cpaBHeHHIO C ZIeTbMU
I kareropru. BoipakeHHOe pa3/iuurie IoKas3aresieil yCTOMYMBOCTH PeakLM yuamuxcs [V KaTeropuu perysiiuy cepAeqHoro
pUTMa MOXKeT CBUZeTe/IbCTBOBAaTh O Hea/leKBaTHOUM peaKLid HEPBHOW CUCTEMBI B 3aBUCHMOCTH OT YCJIOBUH 00yueHuUs1. Bos-
pacTHasi AMHaMUKa I10Ka3aTesnedl (yHKLMOHA/IBHBIX BO3MOXKHOCTEH HEPBHOM CHCTEeMBI YUaIIUXCsl UMeeT CXOHble H3MeHeHUsI
/ISl KaTeropuii peryJisiiil pUTMa C BeIpayKeHHBIM MpeobaziaHieM JTH00 LieHTPasbHOTO KOHTYPA, TM00 aBTOHOMHOTO KOHTYPa.
Bb16800bl. 3HAUMMOCTB CHJIBI BJIMSIHUSL Pa3NUYHbBIX OT/e/IOB BereTaTUBHOM HEPBHOM CHCTeMBbI IO/ TBEPsKAeHa BO3PaCTHBIMHU
V3MeHeHMsIMM TTlapaMeTpoB (PYHKIMOHMPOBaHUSI HEPBHOW CHCTEMBI YUAIIXCs C Pa3nuyuHbIM TUIoM perymsiiyu CP. ITomyueHHble
pe3y/bTaThl TO3BOJISIIOT C/le/IaTh BBIBOZ, O CJI0’KHOM B3aUMOCBSI3H (DYHKIMOHATBHBIX BOSMOKHOCTEH 1 MEXaHU3MOB Pery/IsiLiii
OpraHu3Ma y4alluxcs B yCIOBUSIX 00yUeHusl.

KiroueBble €/10Ba: a/janTalys, peryasTOpHble CUCTEMBI, BApHaOeTbHOCTh CepiedHoOro pUTMa, HYHKLMOHA/IbHEIE CBOMCTBA
HEPBHOU CHCTeMbI, BeTeTaTUBHBIA TOHYC
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Hudopmanus o hpuHAHCUPOBaHUH. ABTODEHI 3asiB/ISIIOT 06 OTCYTCTBHUM BHELITHEro (MHAHCHPOBAHUSI.

Bkuapg aBropoB. Kyapus P.A., fiImanoBa I A. — koHLenuus ¥ Au3aiiH ucciaegoBanus. fimanoea [ A., AHTOHOBa A.A. — nuTe-
patypHbIii 1ouckK, 06paboTka marepuasna. SImanoea I A., Kyapun P.A. — aHa/m3 U uHTepIipeTauus gaHHbiX. iImaHoBa [LA. AH-
TOHOBa A.A. — HarvcaHue U peJJakTUpOBaHKe TeKCcTa. Bce aBTOpPbI BHEC/IM 3HAUMTE/IbHBIN BK/Ia/| B pa3paboTKy KOHIIEILHH,
WCC/IeOBaHMS U TIOITOTOBKY PYKOTIMICH, TIPOUNTA/IN U YTBEPAW/IN OKOHUATETbHYI0 BEPCHUIO TTepe/] Iy OIMKalue.
Wnpopmarsi 0 KOHPIMKTe UHTEPECOB. ABTOPBI 3asAB/ISAIOT 06 OTCYTCTBUU KOH(/IMKTa NHTEPECOB.

JTHYecKoe YTBEpXKAECHHE. HpOTOKOJ’[ nccine0oBaHud YTBepXKAEH JIOKA/IbHBIM 3TUU€CKUM KOMHUTETOM ACTpElXaHCKOFO rocygap-
CTBEHHOI0 MEAWLIMHCKOT'O YHUBEDCUTETA.

BiarogapHoCcTH — HENPUMEHKMO.
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XenbCUHKCKOU AieK/Tapauyy BcemMupHo# MeaummHCKoM accoraryu (WMA Declaration of Helsinki — Ethical Principles for
Medical Research Involving Human Subjects, 2013).
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Features of the nervous system of adolescents with different type
of regulation of the heart rate

Galina A. Yamanova' g, Rodion A. Kudrin' ', Alyena A. Antonova?

"Volgograd State Medical University, Volgograd, Russian Federation
2 Astrakhan State Medical University, Astrakhan, Russian Federation
< galina_262@mail.ru

Annetation. Abstract. One of the urgent problems of age-related physiology for a long time remains the study of the
processes of functioning of body systems in adolescence. The study of the interrelationships of the regulatory mechanisms
involved in the formation of an adequate adaptive response during this period is an urgent area of physiological research.
Aim. To study the features of the functional capabilities of the nervous system of students of different ages, depending on the
prevailing contour of heart rate (HR) regulation. Materials and Methods. The study was conducted among 323 male students of
the Cossack cadet corps aged 10 to 17 years. The software complex “Health-express-2” (“Medical Computer Systems”, Russia)
was used to register and analyze heart rate variability, as well as to assess the functionality of the nervous system. Results and
Discussion. The vast majority of students in the cadet corps are characterized by a moderate predominance of the autonomous
circuit of HR regulation. The peak tension of the regulatory mechanisms is observed at the age of 12—13 years. With the increased
influence of the autonomous circuit of HR regulation, indicators of the functional capabilities of the nervous system in children

CARDIOLOGY 193


https://orcid.org/0000-0003-2362-8979
mailto:galina_262%40mail.ru?subject=%D0%AF%D0%BC%D0%B0%D0%BD%D0%BE%D0%B2%D0%B0%20%D0%93%D0%B0%D0%BB%D0%B8%D0%BD%D0%B0%20%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B0%D0%BD%D0%B4%D1%80%D0%BE%D0%B2%D0%BD%D0%B0
https://orcid.org/0000-0002-0022-6742
https://orcid.org/0000-0003-2581-0408
mailto:galina_262%40mail.ru?subject=%D0%AF%D0%BC%D0%B0%D0%BD%D0%BE%D0%B2%D0%B0%20%D0%93%D0%B0%D0%BB%D0%B8%D0%BD%D0%B0%20%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B0%D0%BD%D0%B4%D1%80%D0%BE%D0%B2%D0%BD%D0%B0

Amanosa I'A., Kyopun PA., Aumonosa A.A. Bectank PYJH. Cepya: Mepuiysa. 2024. T. 28. Ne 2

aged 12-13 and 16-17 years decrease. The stability of the reaction of students aged 12—13 years is lower among children of
II, I, IV categories of HR regulation compared with children of I category. A marked difference in the stability of the reaction
of students of the IV category of HR regulation may indicate an inadequate reaction of the nervous system, depending on the
learning conditions. The age dynamics of indicators of the functional capabilities of the nervous system of students has similar
changes for categories of rhythm regulation with a pronounced predominance of either the central contour or the autonomous
contour. Conclusions. The significance of the influence of various departments of the autonomic nervous system is confirmed by
age-related changes in the parameters of the functioning of the nervous system of students with different types of HR regulation.
The results obtained allow us to conclude about the complex relationship between the functional capabilities and mechanisms
of regulation of the body of students in the learning environment.

Keywords: adaptation, regulatory systems, heart rate variability, functional properties of the nervous system, autonomic tone
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XUMHYeCKUX, OM0/Ioruue CKUX, COL[UANbHBIX U JIp.) Ha
¢oHe nepecTpoiiku MeTabos3Ma B epHOZ, TI0JI0BOTO

BeepneHue
OpHOM M3 aKTya/bHBIX TTP00IeM BO3paCcTHOM

(131010rMY Ha NPOTSPKEHUU JJIUTE/IbHOTO BpEMEH!
OCTaeTCcs uccie0oBaHUe MpoLeccoB (PYHKLMOHUPO-
BaHMS CUCTEM OpPraHu3Ma B KPUTHYeCKUe TePUObL.
Ocoboe BHUMaHWe TIPU ITOM YZAeNsieTCs TTepruoay
M0/IpOCTKOBOI'0 BO3pacTa, YTo 00yC/I0BIeHO MHO-
roakTOpHbIM BJIUSIHMEM Cpe/ibl, KaK 3HJ0- TaK
Y 9K30reHHOro xapakrepa [1]. CoBpeMeHHbIN pUTM
JKU3HH, XapaKTepU3YIOLUics 60nbMu 06beMaMu
MH(OPMaLMOHHOW Harpy3Ku, BBICOKUM TEMIIOM CMe-
HBI YC/IOBUM >KH3HeJesATeTbHOCTH, pa3HooOpa3neM
HeraTUBHBIX (JaKTOPOB BHeIIHeH cpefbl ((pr3nuecKux,

194

CO3peBaHus, a TAK)Ke C y4eTOM HEPAaBHOMEPHOCTH
pOCTa U pa3BUTHS pa3UUHbIX OPTaHOB U CUCTEM,
CO3/1al0T MOBLIIIEHHBIE TPeOOBAHUS K BO3MOKHOCTIM
caMopery/isiiuy OpraHu3mMa 1 ero afjanTalMoOHHbIM
pesepBam [2, 3].

BereTaTMBHO-TyMoOpasbHasi pery/siius, sB/sisiCh
O0CHOBOW (hOPMHUPOBaHUS a/laNTallUOHHBIX PeaKIUi,
obecrieurBaeT aZieKBaTHbIN YPOBeHb (PYHKI[HOHUPO-
BaHUS BCeX cucTeM opraHusMa [4]. 3ddekTuBHOCTS
TIPOL[eCCOB CaMOPEeTy/sILUM OpraHK3Ma Orpe/esisi-
I0TCS ee UHANBUAYaTbHBIMHU 0COOEHHOCTAMU, OC-
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HOBAHHBIMH Ha rpeobrajaHuy OHOTO U3 OT/e/I0B
BereTaTuBHOM HepBHOU cucTteMsbl (BHC), a Takxke
TICUX03MOLIMOHAJIbHBIX ¥ KOTHUTUBHBIX KOMIIOHEHTOB
pearupoBaHMs Ha CTPeCCOPhl BHEILLIHEM U BHYTPeHHe!
cpeabl [5].

Ba)KHBIM KOMITOHEHTOM B TpoLiecce ajjanTalun
K (hakTOpaM BHeIlIHel cpefibl, B TOM UHCJie COLU-
aJIbHbIM, SIB/SIETCS peryJupytolas AesTeTbHOCTh
LieHTpaabHOU HepBHOU cuctembl (LUHC) u ee Tuno-
JIOTUYeCKUM 0CO0eHHOCTSIM. B yClI0BUsAX MHTE@HCUB-
HOT'O B/IMSTHUS MH(OPMAaLMOHHOM Harpy3ky B TIepUOZ,
IIKOJIBHOTO 00yUeHHst HY>)KHO YUWUTBIBaTh UCK/TIOUH-
TeJIbHYIO0 Ba)KHOCTb (PYHKL[MOHA/JbHOI'O COCTOSIHUS
ILTHC. OcobeHHOCTH TIPOTEKaHWUsT HEPBHBIX MTPOIIECCOB
obecrnieurBatoT GbICTPOE (HOPMHUPOBaHKE U MOAJeprKa-
HUe QYHKLIMOHA/JIbHOW CUCTeMbl, HallpaBJIeHHOW Ha
OCylIleCTB/IeHHe KOTHUTUBHOMU JlesiTeNbHOCTH [6, 7].
YcrnemHoCTh afjanTalii BO MHOTOM OTpeZiensieTCst
KOHEYHBIM pe3y/IbTaTOM LieJleHanpaB/ieHHOM [iesiTellb-
HOCTH (aKIlerTop pe3y/abTara /efCTBUS ), KOTOPhIM
(hopmupyeTcst Kak pe3y/bTaT CJI0XKHOTO B3aUMO/eii-
CTBUS pa3/IMUYHbIX OTZE/I0B TOJIOBHOTO Mo3ra [8—11].
B cnyuae gocTtukeHHs 0XKHaeMOro pesyabTaTa
[lesiITe/IbHOCTHU MPOUCXOAUT (POPMUPOBAHUE T10JI0-
JKUTeJIbHBIX 3MOLIMK U (pUKCaLlMsl B TaMSTU CUCTEMBbI
HEePBHBIX COOTHOIIIEHHI, KOTOPasi obecreunsia ycrier-
HOe JIOCTWXKeHHe Liesd. Eciu ke 3aniaHMpOBaHHbIN
pe3y/bTar He JOCTUTaeT OXKHUJAeMbIX TapaMeTpPOB, BO3-
HUKaeT OTpULaTe/IbHbIM SMOLIMOHA/IbHBINA 0TBeT. VIH-
TerpupoBaHHas fesTebHOCTs BHC M 5HJOKPUHHBIX
MeXaHHU3MOB 00eCreurBaloT COMaTH3aLHI0 SMOLIUN
Y (opMHUpOBaHKe MOBe/leHYeCKUX MHAMBHA. CHIDKe-
HUIO aJIanTalliOHHBIX pe3epBOB pebeHKa B YCIOBHUSIX
B/IVSTHUSI BHEIITHEeH Cpe/ibl CII0COOCTBYIOT CTPeCCOBbIe
CUTYyaL{, KOTOPble COIPOBOX/AIOTCSI COCTOSIHUEM
TPEBOTH, PACCTPONCTBAMU MOBeZIEHHS, COI[UATbHOU
Jie3ajjanraryen, 4To IpUBOAUT K Pa3BUTHUIO BTOPUUHBIX
COMaTO(OPMHBIX ¥ TYMODPAJ/IbHbIX peakLuil.

B HacTos111ee BpeMs IpY3HaeTCs BbICOKAs 3Ha-
YMMOCTb M TT0Ka3aTeJbHOCTb UCC/IeJOBaHUS Bapua-
6enpHOCTH cepaeuHoro putMa (BCP), kKak ofHOTO 13
METOZIOB OLIeHKH MOZY/ISLIMY BereTaTuBHON HEPBHOM
CUCTeMBbI B CHHYCOBOM Y371e cepaia. [Ipeobnaganue
LIEHTPAJ/IbHOTO WA aBTOHOMHOTO KOHTYypa peryssiLiii

CARDIOLOGY

OOBSICHSIIOT Pa3/IMUHBIA YPOBEHB 3PEJIOCTH PETy/ISTOP-
HbIX cucteM [12—15]. Bricokass BCP cBusieTenbCTByeT
00 3¢ (HeKTUBHOCTH BereTaTUBHBIX MEXaHHU3MOB Ca-
MOPEeTY/ISIIAA U aZlaliTUPOBAHHOCTH, B TO BpeMs Kak
HU3Kasi UM noHrkeHHasi BCP yacTo cBUETE/NBCTBYOT
0 HapymieHusix [16-20].

Takum 06pa3oM, U3yueHre B3aUMOCBSI3eH Pery/isi-
TOPHBIX MEXaHN3MOB, 3a/IeICTBOBAaHHBIX B (HOPMHPO-
BaHUU a/|eKBaTHOTO a/laNTalMOHHOTO OTBETa B [epPUOT,
MOJPOCTKOBOTO BO3pacTa, SIBISIeTCS aKTya/IbHbIM Ha-
TripaB/ieHueM (PU3MOI0rMUeCKUX UCC/IelOBaHUMH.

Hennb uccaegoBanus. V3yunTs 0COO€HHOCTH
(yHKI[MOHATbHBIX BO3MOXXHOCTEeH HEPBHOM CUCTEMBbI
y4Yall[MXCsl pa3HOro BO3pacTa B 3aBUCUMOCTH OT Mpe-
00/1a/1ar0IL[eTO KOHTYpa Pery/siliii CepJeYHOr0 pUTMa

MaTepMaﬂbI N MeTobl

WccnenoBanre nmpoBoguioch cpeau 323 yyalyxcs
Ka3aubero KaZleTCKOro KOpIyca MYy>KCKOTO I10J1a B BO3-
pacte ot 10 o 17 net. B 3aBUCHMMOCTH OT BO3pacTa
Jety ObLIM pacripe/iesieHbl Ha ueThbipe rpymmbi: 1011,
12-13, 14-15, 16-17 neT. YUaCTHUKU U UX 3aKOHHbIE
TIpe/ICTaBUTeNH! J1amy 100pOBObHOE IMCbMEeHHOe WH-
(hopmupoBaHHOe cornacue Ha ydactue. MccnenoBaHue
OBII0 TTPOBE/IEHO COTJIACHO 3THYeCKUM MPUHLUATIAM
XenbCUHCKOM ieK/Iapariii 10 MpoBejeHuI0 6rioMe-
JULMHCKHX MCCe[0BaHUM C yuaCcTHUeM ue/ioBeKa
U «IIpaBunam KMMHUYECKOW MpaKTUKU B Poccuiickoit
®Depneparun», yTBepxaeHHbIM I[Ipukasom MuH3pasa
Poccuu ot 19.06.2003 Ne 266.

Uccnenoanne BCP ocy1jecTBieHO € UCNO0/b-
30BaHHEM arnapaTHO-IPOrpaMMHOIO KOMILJIeKca
«3a0poBbe-3KcIIpecc-2» («MequiMHCKHe KOMITbIO-
TepHble CUCTeMbl», Poccus).

B kauecTBe rpynnupyommx KpUTepUeB M0 Ipe-
VIMYLL|e CTBEHHOMY KOHTYDY pery/siLiii CepeuyHoro
putMa (CP) rcrnosib30BaHbl MOKa3aTey CTpecc-uHeKca
(SI), abcosmoTHBIE TIOKAa3aTe/Iu Me/JIeHHbIX BOJIH 2-T0
MOpsiKa — OUeHb HU3KOYaCTOTHBIE CIIeKTpabHbIe
komroHeHThI (VLF), abCo/oTHBIN ypOBEeHb CyMMapHOM
aKTUBHOCTU peryasTopHeix cucteM (TP) [21]. C yuetom
3HaueHH BbILLIe[IepeYrC/IeHHbIX TT0Ka3aTesiel yyaljecs
ObUTH pa3zenieHbl Ha YeThIpe KaTeropuu:
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I kaTeropusi — c yMepeHHbIM TipeobiaaHreM
ueHTpaabHoro koutypa (UK) perynsuun CP —
VLF > 240 mc?; ST > 100 y.e.;

I xateropusi — c BbIpa’keHHbIM Mpeo0Oaza-
HMEeM LIeHTpa/JbHOro KOHTypa perynsaguu CP —
VLF < 240 mc?; SI > 100 y.e.;

IIT kaTeropusi — C yMepeHHbBIM TIpe00/iajlaHu-
eM aBTOHOMHOro KoHTypa (AK) perynsiuuu CP —
VLF > 240 mc?; ST = 25-100 y.e.;

IV kareropuist — ¢ BbIpaXeHHBIM TpeobiafjaHiemM
aBTOHOMHOT0 KoHTYpa peryssuuu CP — VLF > 500 mc?,
SI < 25y.e.; TP > 8000-10000 mc?.

YpoBeHb (hyHKI[MOHA/IBHBIX BO3MOKHOCTEH HepB-
HOU CHUCTEeMbI yUaluxcsi UCCAeJ0Ba/Iv C UCT0/Ib30Ba-
HueM «CHUCTeMa KOHTPOJIS YPOBHS CTpecca» (MOAY/Ib
arnrapaTHO-MPOrpaMMHOr0 KOMILIeKCca «340pOBbe-
3KCIIpecc-2») Ha OCHOBEe aHasv3a pe3yJbTaToB OIpe-
JAenenus npoctoi (II3MP) u cio)kHOM 3pUTebHO-
MoTopHo peakiuu (C3MP). Pe3ynbTHUPYIOIIMMU
KPUTEPUSIMU MPUHSATHI: (yHKLIMOHAIbHBIN YPOBEHb
cucrembl (PYC), ycroitunBocThb peakiuu (YP), ypoBeHb
(hyHKIIMOHATBHBIX BO3MOXKHOCTel (YDB).

AHanuv3 pe3sysbTaToB UCC/IeJ0BaHMs, a TAKXKe CTa-
TUCTHUeCKasi 00pab0oTKa IMPOBOJU/IHCH C TIOMOIIILEO TIPO-
rpammMHoro obecrieuenust Microsoft Excel (Bepcust 16.68,
Microsoft Corporation, CIIIA) 1 rmakeTa CTaTUCTUYe CKMX
riporpamm Statistica (Bepcusi 10, TIBCO Software Inc.,
CIIIA). Pe3ynbrathl 1pe/icTaB/ieHbl B (popMaTe OTHOCH-
TeNbHBIX TI0Ka3aTesiel U cpegHux BeanunH (M). Hop-
MaJIbHOCTh pacripeZieieHrsi BLIOOPOK OIfeHHBa/lach Ha
0CHOBaHWM Kputepusi Kommvoroposa-CmupHoBa (n>50).

Cratuctrueckas 3HaUMMOCTb pa3nyuii rpymnn
WCCJIe/J0BaHUs OIpe/esisylach OCPeCTBOM HellapHOro
t-kputepus CterogenTa U U-kputepusi MaHHa- YUTHHU.
KoppensiuoHHas 3aBUCHMOCTb UCC/IelyeMbIX IT0Ka-
3aresiei ornpeziesnsiaack Npy MOMOLIY KO3 puieHTa
PaHrOBOW KOppesIsiLiiu r,, CrpmeHa. IToporosoe 3Ha-
YyeHHe [JOCTUTHYTOrO YPOBHSI 3HAYMMOCTH P MPUHSITO
paBHbIM 0,05.

Pe3ynbraTtbl M 06CyXAeHue

Pe3ynbraThl aHa/M3a JaHHBIX OTHOCUTETBHOTO
pacripe/ie/ieHUsl yUall[ixcsi 110 KaTeropusiM PeryJsiiiuu
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CP nipopeMoHCcTprpoBa/u rpeobazganve 111 kareropuu
CpeJy BCeX TUIIOB, yKa3bIBasi HA ONTUMa/bHOE COCTO-
sIHUe a/lanTal[MOHHBIX MEXaHHW3MOB Y OO/BILIMHCTBA
y4almxcsi UCCielyeMom TPyIIIbI.

OpHakKo KOIMYeCTBO y4aljuxcsi C yMepeHHbIM
nipeobnaganviem LIK (I kareropust) craTUCTHUYeCKHU 3Ha-
YMMO OKa3asioch Oosbliie y eTel B Bo3pacTe 12—13 et
(p = 0,034), yTo CBHETENBLCTBYET O MOBBILLIEHHOM Ha-
NIPsDKEHUU PerysTOPHbIX MeXaHW3MOB B 3TOT ITePUOL.
OpHaKO KOJTMUEeCTBO YYallUXCsl 3TOW KaTeropuu 0110
Ha 7,1 % meHblie B Bo3pacTe 14—15 net (p = 0,071)
v Ha 8,4 % — B Bo3pacte 16-17 net (p = 0,042), uto
yKa3bIBaeT Ha BOCCTAHOBJ/IeHUE a/lalTaljMOHHBIX BO3-
MOKHOCTeM ¢ Bo3pactoM (Tabs. 1). Poct kosmmuecTBa
yualXxcs C BeIpakKeHHbIM TipeobnaganueM LK pery-
nsiiuu CP B Bo3pacTe 12—13 j1eT MOXKHO OOBSICHUTH
TIepHUOZIOM I10JI0BOTO CO3peBaHusl.

[TpoueHT feTeli, oTHOCAWMXCS KO 11 kareropum,
He MeHsieTcs ¢ Bo3pacToM (p = 0,4), ofiHaKO CTaTUCTH-
YeCKH 3HaYMMble pa3inuus Mexay rpynmnoi 10-11
1 14-15 net (p = 0,038), yka3bIBalOT Ha CHUXKEHHE
KOJINUeCTBa JieTell C BbIDa’KeHHBIM MpeobsiaZiaHemM
LIK perynsuu CP B 3TOM Bo3pacrte (Tabs. 1). B To
JKe BpeMmsi c/ielyeT OTMETUTh, UTO KOJIMUeCTBO yua-
mmxcst I kateropuu perynsiuu CP ¢ Hanbonbiyum
HarpsbKeHHeM Pery/siTOPHbIX MeXaHU3MOB 0oJIbIIe
yuCla yyalmxcsl, OTHeCeHHBIX K I KaTeropuu B BO3-
pacte 10-11 net (p=0,021) u B Bo3pacte 16—17 net
(p=0,020) (Tabsn. 1).

HabntoaeTcst mocTeneHHbIN POCT KOJUYeCTBa
JeTeli C BbIpaykeHHBIM TipeobnazianveM AK perynmsym
CP c Bo3pactom (p=0,03) (Tabs. 1). PocT rokasareei,
JeMOHCTPHUPYHOLUX Npeobnaganue IV kareropuu
Cpeay yualluxcs, MOXKeT OTPa)KaTb BBICOKHI YDPOBEHb
TPEHUPOBAHHOCTU Cpe/iy MpoQeCcCUOHaNbHbIX CIOp-
TCMeHOB. B To e Bpems, o MHeHuro H.U. IInbIk
(2019), y meTeii, UCTIBITHIBAIOLUX (PU3NUYECKHe Ha-
I'PY3KHU, XapakTepHbie /i 001jeo6pa3oBaTeTbHbIX
yupexx/leH!H, Jlake C yueTOM JJOTIOJTHUTe/IbHOUN (u-
3MUYeCKON aKTUBHOCTH B KaJIleTCKUX YUPEXTEHUSIX
MOJKeT ObITh UHUKAaTOPOM COCTOSIHUSI T1epeyTOM/IeHH s
Y NIepeTpeHUpPOBaHHOCTH [22].

KAPOMOJIOT A
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Tabnuya 1
OTHOCUTeNbHOe pacnpepenieHne y4Yaluxcs pa3Horo Bo3pacTa no Kareropusim perynsuum CP%
(cTaTucTHuyecKuit KpuTepuii t-kpuTepmii CTblofieHTa ANsi He3aBUCUMbIX BbIGOPOK)
Pervnsums CP 10-11 net 12-13 net 14-15 net 16-17 net
ynau (n=105) (n=104) (n=93) (n=68)

| kKaTeropus 4,8 (n=5) 12,5(n=13) 54 (n=5) 4,4 (n=3)*
Il kaTeropus 26,7 (n = 28)** 17,3(n=18) 12,9 (n=12)** 14,7 (n = 10)**
Il kaTeropus 62,9 (n=66)** 62,5 (n = 65)** 70,9 (n = 66)** 67,6 (n = 46)**
IV kaTeropus 57 (n=6) 7,7 (n=8) 10,8 (n=10) 132 (n=9)

lMpumevaHmne: CP — cepAeyHbI pUTM; * — CTaTUCTUYECKN 3HAUYUMbIE Pa3/Inynsa Npu cpaBHEHUN ydawmmmnes 12—13 ner; ** —
CTaTUCTUYECKM 3HAYMMBbIE Pa3NnYns Mpu cpaBHeHUK ¢ | kaTteropuen perynaumm CP.

Relative distribution of students of different ages by categories of CP regulation,%

(statistical criterion t-Student's criterion for independent samples)

Table 1

Regulation 10-11 years 12-13 years 14-15 years 16-17 years
of HR (n=105) (n=104) (n=93) (n=68)
| category 4,8 (n=5) 12,5(n=13) 54 (n=5) 4,4 (n=3)*
Il category 26,7 (n = 28)** 17,3(n=18) 12,9 (n=12)** 14,7 (n=10)
Il category 62,9 (n = 66)** 62,5 (n = 65)** 70,9 (n = 66)** 67,6 (N = 46)**
IV category 57 (n=6) 7,7 (n=8) 10,8 (n=10) 132 (n=9)

Note: HR — heart rate; * — statistically significant differences when compared with the pupils of 12-13 years; ** — statistically

significant differences when compared with the | category of HR regulation.

HuHamuika YP cpenu yuaujuxcs 12—-13 net ot-
pakaeT CHI)KEHHe 3TOro roka3saressi cpeau jaeteid 11,
III, TV kareropuu perynsanuu CP. Harnipotus, cpenu
peteit ¢ I kareropun perynsuuu CP BbISIB/IEH CKauOK
noka3aresnsi YP (p=0,004).

3aMeTeH pOCT 3TOro mokasaresns B 14—15 ner
y yuauguxcs II (p=0,07) u, ocobenno, IV (p=0,034)
Kareropuu peryssuuu CP, 4To sSiBfsieTCs pe3ybTaTtomMm
a[ianTalliy TAaKUX fleTeid K ycoBusiM obyueHust. OfHaKoO
B 16—17-1eTHeM BO3pacTe OTMeUeHO CHrKeHHe YP BO
BCeX Kareropusx peryssaruu CP.

BripakeHHOe pa3/nuuie rokasaresield YP yuarmxcs
IV kareropuu perynsiiuu CP MoXkeT CBHJeTe/IbCTBOBATh

CARDIOLOGY

0 HeaJleKBaTHOM peakL{y HePBHOW CUCTeMBbI B 3aBU-
CHUMOCTH OT yCJIOBHM 00yueHus (puc. 1).

Yuammecs I1I kareropuu perynsanuu CP xapakre-
pU3YIOTCSl Harbosiee CTaOM/TLHBIMY ITOKa3aTeIsiMu Y P,
COOTBETCTBYIOLMMU CPeJHUM BO3PaCTHBIM, UTO MOXKET
CBHU/IETE/IbCTBOBATh 00 YCTONUMBOCTU PETY/ISTOPHBIX
MeXaHU3MOB U aJjanTalOHHbIX [TPOLIeCCOB.

[Tpu u3yuennn QyHKIMOHaMBHOW akTBHOCTH LTHC
cpeny getei B Bo3pacte 10—11 sieT BbIsiB/IeHa MpsiMast
KOppeJIALMOHHas 3aBUCUMOCTL Y P 0T KaTeropuu pery-
nsiumu CP (r=0,3), ciabast oOpaTHasi KOppessiiMOHHas
3aBUCUMOCTB ¢ Y®B (r=—0,2) u ciiabast obpaTHast CBSI3b
c ®YC (r= -0,2)(tabmn. 2).
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Puc. 1. CpaBHUTENbHbIM aHanNn3 yCTOMYMBOCTH

peakUun cpean y4eHMKOB pasHoro BospacTta (M)

Fig. 1. Comparative analysis of reaction stability among students of different ages (M)

Yuamuecs 111 kateropum perynsuyu CP xapakre-
puU3yIOTCsl Harboree cTabUIbHBIMY 1TOKa3arensiMu Y P,
COOTBETCTBYIOLLUMU CPeHUM BO3PACTHBIM, YTO MOXKeT
CBU/IETeIbCTBOBAThH 00 YCTOMUMBOCTU PETyISTOPHBIX
MeXaHU3MOB U aJialTaljuOHHbIX IIPOLIeCCOB.

[pu u3yuennn QyHKIMOHaIBHOM akTBHOCTU LTHC
cpenu geteit B Bo3pacte 10—11 sieT BeIsiB/IeHa MpsiMast
KOppeJALMOHHas 3aBUCUMOCTh Y P OT Kareropuu pery-
nsiun CP (r = 0,3), cs1abast oOpaTHast KOppesLoHHast
3aBUCUMOCTD C YDB (r = —0,2) u csabas obparHas
cBsi3b ¢ DYC (r = -0,2) (Tabmn. 2).

Tabnuya 2

Moka3aTenu KoppensiLMOHHON 3aBUCUMOCTH (PYHKLIMOHANbHbIX BO3MOXXHOCTE HEPBHOI CUCTEMbI OT KaTeropuu
perynauumn koapdpuumneHT CP (koadpuuueHT paHroBoi Koppensuum rxy CnmpmeHa)

KaTeropwus perynsauuu CP YcToMunBoCTb peakumu, ¢ '

YpoBeHb yHKLMOHANBHbIX
BO3MOXHOCTeW, C 2

OyHKLMOHaNbHbIV YPOBEHD
CUCTEMBI, C 2

10-11 net (Me

(Q,s Q,9), n=105)

[ 2,6 (1,7;3,8) 13,6 (7,2;19,6) 62,9 (42,7, 76,5)
[ 33(1,9;4,7) 15,9 (9,7; 21,5) 67,4 (44,9;71,3)
If 51(3,1;7.2) 11,2 (7,3;19,4) 61,9 (43,5, 837)
\Y; 2,5(1,6;5,1) 10,8 (8,7;16,1) 51,7 (31,1; 68,0)
r 03 -0,2 -0,2
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OKoHYaHue Tabn. 2

KaTteropwus perynauum CP YcTonumBocTb peakumm, ¢ 7' yngg;g{(:';g?g;a:i”blx d)yHKuV'COMZig;:T? sz OBEHb
12-13 net (Me (Q,,; Q,,), n =104)
I 5.2 (4,2; 6,9) 28,5 (19,6; 35,2) 97,6 (82,9; 107,9)
Il 45(2,3;58) 23,4 (13,2; 28,2) 77,52 (64,1; 94,3)
1 4,0(2.2;59) 20,9 (10,2; 29,2) 87,7 (59,2; 97,3)
[\ 3,3(1,9;4,7) 14,1 (10,9; 24,5) 65,2 (53,4, 81,8)
r -0,2 -0,94 -0,82
14-15 net (Me (Q,; Q,;), n=93)
I 4,0 (3.4; 6,4) 18,3 (15,1; 32,5) 74,6 (66,7; 98,3)
Il 4,6 (3,5,6,1) 21,1 (16,7; 32,2) 77,7 (71,4;108,5)
1 4,0(23;5,7) 22,9 (15,8; 30,3) 88,4 (54,4;105,1)
v 48 (2,8;6,3) 28,5 (16,4; 36,2) 97,5 (60,0; 107,7)
r 0,3 0,1 0,2
16-17 net (Me (Q,; Q,,), n = 68)
I 3,5(3,3;5,8) 16,8 (15,8; 30,8) 91,4 (90,4; 102,5)
1] 3,6 (2,3; 4,6) 18,0(10,9; 23,9) 72,3 (53,3; 85,3)
1 4,0 (2,5, 5,7) 18,8 (11,7;30,4) 74,8 (58,2; 98,1)
v 2,6 (2,2;5,1) 12,5 (9,5; 23,9) 58,5 (49,8; 88,4)
r -0,2 -0,1 0,3
Table 2
Indicators of the correlation dependence of the functional capabilities of the nervous system
on the category of regulation heart rate coefficient (Spearman’s rank correlation coefficient rxy)
Regulation of HR Reaction stability, s of fu-r:::]ﬁ(li\;el“ilty, 2 The fun;:}tlisc;zﬁ:llz\_/f | of the
10-11 years (Me (Q,5 Q,,), n = 105)
I 2,6 (1,7;3,8) 13,6 (7,2;19,6) 62,9 (42,7, 76,5)
Il 3,3(1,9;4,7) 15,9 (9,7; 21,5) 67,4 (44,9; 71,3)
I 51(3,1;7,2) 11,2 (7,3;19,4) 61,9 (43,5; 83,7)
v 2,5(1,6; 5,1) 10,8 (8,7;16,1) 51,7 (31,1; 68,0)
r 2,6 (1,7;3,8) 13,6 (7,2;19,6) 62,9 (42,7;76,5)
12-13 years (Me (Q,; Q,,), n=104)
I 5.2 (4,2;6,9) 28,5 (19,6; 35,2) 97,6 (82,9;107,9)
1] 4,5(2,3;58) 23,4 (13,2;28,2) 77,52 (64,1;94,3)
I 4,0(2.2;59) 20,9 (10,2; 29,2) 87,7 (59,2; 97,3)
v 3,3(1,9,47) 14,1 (10,9; 24,5) 65,2 (53,4; 81,8)
r -0,2 -0,94 -0,82
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End of the table 2

Regulation of HR Reaction stability, s

The level
of functionality, s?

The functional level of the
system, s2

14-15 years (Me (Q,; Q,,), n=93)

[ 4,0 (3,4;6,4) 18,3 (15,1; 32,5) 74,6 (66,7; 98,3)
[ 4,6 (3,5 6,1) 21,1 (16,7;32,2) 77,7 (71,4, 108,5)
Il 40 (23;57) 22,9 (15,8; 30,3) 88,4 (54,4;105,1)
\Y 48 (2,8;6,3) 28,5 (16,4; 36,2) 97,5 (60,0; 107,7)
r 03 0,1 02

16-17 years (Me (Q,; Q,,), n = 68)

[ 3,5(33;58) 16,8 (15,8; 30,8) 91,4 (90,4; 102,5)
[ 3,6 (2,3;4,6) 18,0 (10,9; 23,9) 72,3 (53,3; 85,3)
If 4,0 (2,5, 5,7) 18,8 (11,7; 30,4) 74,8 (58,2; 98,1)
\Y; 2,6 (2,2;5,1) 12,5 (9,5; 23,9) 58,5 (49,8; 88,4)
r -0,2 -0,1 03

AHanu3 pe3y/bTaToB UCC/Ie/J0BaHUS (PYHKLMOHA/b-
HbIX BO3MOKHOCTel HEPBHOW CUCTEMBI BbISIBUJI UX CBSI3b
C JOMUHUPYIOIIMM THIOM perysisinuu CP (Tabm. 2).

W3meHeHus mokasaresieil pyHKLIMOHA/IBHBIX BO3-
MOKHOCTei CHCTeMbl Harbosiee yCTOMUMBEI B BO3pacTe
12-13 net. IIpy 5TOM CTOUT OTMETHUTB, UTO CHIDKEHNE
ToKasaresieil yHKLIMOHa/IbHBIX BO3MOXKHOCTeH HepBHOM
CHCTeMBI TaK)Ke 3aBUCHUT OT CTelleHHU BbIPa)KeHHOCTU
B/IMSIHUS KaK aBTOHOMHOT'0, TaK Y LIeHTPa/IbHOTO KOH-
TypoB peryssitu CP. Uem Gosiee BbIpa)kKeHO BIMSIHUE
TOT'0 WM UHOT'O KOHTYpa, TeM MeHbIlle TTI0Ka3aTen
AKTUBHOCTH (DYHKIMOHA/IbHBIX BO3MOXKHOCTEW HEPBHOM
CUCTEMBI.

YcTolunBOCTE CBA3M y feTeld 14—15 nieT Mexay
ToKa3are/siMU (DyHKLIMOHA/IbHbIX BO3MOXKHOCTeW HepB-
HOM cucTeMbl ¥ KOHTYpoM perynsiuyu CP ciabast. Tlpu
3TOM HarboJiee BBICOKHe TIOKa3aTeny roka3sareseid HC
ObUTM 3aperruCcTPUPOBaHLI cpeiu AeTel [V kaTeropumn
perynsiuyu CP.

BospacTHas auHaMuKa rokasaresnei (yHKIHO-
HaJ/IbHBbIX BO3MOkHOCTel HC yyvaryxcs uMeet CxofiHble
nsmeHenust A4 11 u IV kareropuii perynsiguu CP, KoTo-
pble XapaKTepu3yrTCs BbIpayKeHHBIM TpeobsiajaHrieM
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6o 1jeHTpa/lbHOTO KOHTYpa — I Kareropus, 160
aBTOHOMHOI0O KOHTypa — IV kareropus.

Hns yuamuxcs co 11 u IV kaTteropueli peryasuyu
CP xapakTepHO MocTerneHHoe yBelrnueHue rokasarenei
K 14—15-neTHemMy BO3pacTy, 3HaUeHUs1 KOTOPBIX 3HAYU-
TeJIbHO CHPKAIOTCS B Bo3pacte 16—17 net (puc. 3, 5).
BospacTHas juHaMyKa okasatesied CBUZIeTeIbCTBYeT
0 MIOCTETNIEHHOM COBEPIIIEHCTBOBAHUY PETYISITOPHBIX
B/IUSIHUM HEPBHOM CUCTEMBI.

Yuanmecs [ kareropum perymnsuny CP xapakrepu-
3ytorcsi 6osiee GBICTPHIM POCTOM TOKa3aTesieit QyHK-
LIMOHA/IbHBIX BO3MOKHOCTe1 HC HepBHOI CUCTeMBI,
HO C He3HaAuWTe/IbHbIM X CHY)KeHUeM I10Ka3aTesen
B Bo3pacte 16—17 net (puc. 2). Haubosnee cTabusb-
HbII TpoLiecc pocTa (PyHKI[MOHAIbHBIX BO3MOXXHOCTEH
agarnitaiuu Habmogaercs y yuarmumxcs 11 kareropuu
perysituu CP (puc. 4).

B TO >xe BpeMst abCO/IOTHBIE TIOKa3aTe/Tl YPOBHsI
(yHKI[MOHa/IbHBIX BO3MOXKHOCTel yuatuxcs 11 u IV
kKateropuu perynasiuuu CP HuKe, uem cpefu feten
I u IIT kareropuu B Bo3pacte 10—13 jieT, ¥ fOCTUTaIOT
WX 3Ha4eHUM TO/bKO K 14-15 romam (puc. 2, 3, 4, 5).
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BbiBOAbI

1. Y GOnbIIMHCTBA yYalUXCsl BBISIBJIEHO YMepeH-
Hoe 11peo6siajjlaHie aBTOHOMHOTO KOHTYPa perysisiliui
CP BO BCex BO3paCTHBIX IPYMIaX, UTO CBUJETENbCTBYET
00 YCTIeITHOCTH TIPOLIeCCOB aflaNTaluK U Pery/IsiLiug
B yC/I0BUsiX 00yueHwst. [1K HarpspKeHUst pery/siTOPHbIX
MeXaHW3MOB Hab/rojaeTcst B Bo3pacte 12—13 jieT, Tak
KakK yBe/IMYMBaeTCs TIPOLIEHT ZieTell ¢ rnpeobnazaHuem
LIK perynsmuu CP. BeipaxkeHHoe npeobsiaganue [TK
peryyisiLiiy BCTpevaeTCs yallle, YeM yMEPeHHOe Cpeau
yyarwuxcs B Bo3pacte 10-11 u 1617 net. KonmuecTtso
JeTeli c BeIpaykeHHBIM Tipeobnaganrem AK pacret Bo
BCeX BO3pPaCTHBIX IpyMIax.

2. C pocrtom mpeobnaganus AK perynsiuu
CepleuHOro pUuTMa CHI)KaroTCs NoKas3aTenu (QyHK-
LIMOHa/IbHBIX Bo3MokHOCTelt HC y meteli B Bo3pacTe
12-13 v 16-17 ner.

3. Haubonee ycToiiunBas CBsi3b MOoKa3aresei
(YHKLIMOHAIbHBIX BO3MO)KHOCTEH HEPBHOW CHUCTEMBI
Y KaTeropyy Perysiliii CepAeyHoro pUTMa BhIsIB/IeHa
B Bo3pacTe 12—13 sieT. OT™MeuaeTcsi CHIKeHHe (DyHKIM-
OHA/TbHBIX BO3MO)KHOCTE HEPBHOW CHCTEMBI C POCTOM
aKTUBHOCTH KaK aBTOHOMHOTIO, TaK U LIeHTPa/JbHOI0
KOHTYPOB PeryJIsiliiy, YTO CBUZETENbCTBYET O HaIlps-
YKeHUHU Pery/sTOPHBIX MeXaHU3MOB B 000UX C/Tyyasix.

4. Bo3pacTHas JUHaMMKa NoKasatesnel QyHKLMO-
HaJ/IbHBIX BO3MOykHOCTer HC yualuxcs, Xxapakrepusy-
FOLLMXCS PA3/IMYHBIM TUNOM peryssiun CP yka3biBaeT
Ha 3HaYMMOCTb CUJIbI BIUSIHUSL CUMIIATUYeCKOTO U I1a-
pacumnaTuyeckoro otaenoB BHC.

5. Pesynbrarhl Ucc/ief0BaHUS paclIUPSIOT
Tpe/iCTaB/IeHUsI O B3aUMOCBSI3U (DYHKLIMOHATbHbBIX
BO3MOJKHOCTel opraHu3Ma peGeHKa M YCIeTHOCTH
(hopMHpoBaHUs afANTALIMOHHBIX MEXAaHU3MOB B pas-
JIMYHBIX YCJIOBUSIX 00yUYeHusl.
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Abstract. Relevance. Healthcare today faces the inevitability of change as it faces a wide range of challenges in the face of
complete uncertainty. Through effective change management, success can be achieved in states, globalization and complementarity.
The scientific community recommends developing approaches to changes in management that focus on coordinated work in the
field of healthcare of personnel, continuous training, exchange of experience, and professional development of medical personnel
not only as specialists in the field of oncology, but also as successful managers. It is also necessary not to ignore social factors,
namely the so-called “power of compassion”, which is expressed in the introduction and improvement of palliative care. The
purpose of this article is to analyze the structure of management and organization of cancer care and proposals for improving the
quality of treatment and care for cancer patients. This publication is devoted to a comprehensive analysis of the problems and
prospects for the development of cancer care. Oncology is considered by us as one of the largest health problems. In this regard,
ideas have been proposed on the need to modernize and optimize the processes of providing oncological care. According to the
literature, important aspects in this process are the coordination of the actions of medical personnel, both doctors and nurses, and
patients; their qualifications as oncology specialists and managers; provision and implementation of palliative care everywhere;
quality control of provided medical services carried out directly by medical personnel. However, all of these components of
the cancer care structure face the reality of a lack of actual time for medical personnel to train management skills, a lack of
resources for regional health structures to implement palliative care and train staff in management skills. A positive aspect in
this situation is the desire of the scientific community to improve itself and improve the skills of both oncologists and managers.
Conclusion.The creation of specialized courses on management in the field of oncology and continuous international training
through distance education and telemedicine is an important milestone in resolving these issues.
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Introduction

Considering all the epidemiological, social and eco-
nomic importance, oncology is one of the most difficult
problems for healthcare. The World Health Organization
estimates that cancer could become the leading cause of
death by 2030. At the moment, he ranks second in the rank-
ing of “causes” of death worldwid [1]. Information about
this group of diseases, their treatment and prevention
have increased significantly in recent years; but there
is nothing more far-reaching than health promotion,
prevention, early diagnosis and timely treatment [2].

Cancer patients require specialized care, the use of
which needs to be discussed at the health care level.
The authors indicate in the literature data that the main
points to be paid attention to when organizing care
for cancer patients include: only scientifically based
clinical recommendations confirmed by clinical trials;
accessibility of medical care for all those in need; con-
tinuity of care; provision of comprehensive primary,
secondary and tertiary care; comprehensive care; the
possibility of using management tools for the clinic;
ongoing education for medical professionals and health
education for users of medical services [3, 4].
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Taking all these variables into account, management
and continuing education become important tools in
fighting cancer and improving patient care. Despite
major investments in diagnostic and therapeutic tech-
nologies, the number of cases and the death rate from
cancer remain unchanged. The healthcare sector is
currently in the process of implementing quality man-
agement as a vital patient care strategy. Thus, the main
purpose of this article is to analyze the management
structure and organization of cancer care and proposals
for improving the quality of treatment and care for
cancer patients.

Organizational and managerial structure
of the oncology service

To begin with, it is important to understand
what is the basis of any effective organizational and
management structure. As E. Mikhalkina notes: “The
basis of organizational and managerial support for
the organization’s activities is primarily formed by
organizational culture, interpreted as a set of common
values, beliefs and norms that affect how employees
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think, feel and behave in the workplace, how they
associate themselves with the goals and objectives
of the organization, consider whether they consider
themselves a part of it. Organizational culture is tra-
ditionally considered as a set of values in the broadest
sense of the word, behavioral norms that are shared by
all employees and contribute to overcoming various
obstacles both internal (administrative regulations)
and external. Organizational culture promotes the
development of a sense of identity and belonging
among employees of the organization, increases their
commitment and involvement in the affairs of the or-
ganization, ensures the growth of its effectiveness and
image among customers, strengthens organizational
values, increases responsibility in decision-making
and ensures satisfaction from activities” [5].

Further, if we talk specifically about the structure of
cancer care, according to the analysis Krivonos O.V. it
is necessary to identify and understand what the levels
of care are (this program was designed until 2015, then
it was reduced to a 3-level system). The main objectives
of this program were prevention, early diagnosis, and
optimization of the actions of cancer patients at different
stages of the disease.

The first level: the implementation of occupational
examinations by district therapists, gynecologists, etc.,
the delivery of primary tests to detect the presence of
oncological diseases (cytological studies for cervical
tumors, etc.), diagnostics using improvised devices
available in all medical institutions: fluorography,
mammography, ultrasound.

The second level: informing the patient in case
of cancer detection and subsequent transfer of data to
primary oncology offices.

The third level: referral of the patient to the con-
sultative and diagnostic department of the regional
(territorial) oncological dispensary, where the full range
of diagnostic studies should be used, as well as anti-
tumor treatment both in outpatient (one-day hospital)
and inpatient settings.

The fourth level: referral of the patient, if necessary,
for a more accurate follow-up examination, as well as
treatment using the latest high-tech techniques to the
district oncological dispensary.
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Fifth level: referral of the patient to federal onco-
logical institutes (Research Institutes of the Ministry
of Health of the Russian Federation, RAMS, FMBA of
Russia) as well as the provision of high-tech medical
care.

Sixth level: The Ministry of Health and Social
Development oversees the work of all levels, closely
cooperates with federal cancer institutes.

For us, such an approach to providing medical
care to cancer patients seems to be the most logical and
clear. Each stage is a kind of part of the route that the
patient needs to go through and there is a responsible
person for passing each stage, it is also possible to
track and constantly monitor the patient’s condition and
the treatment process. Also, a big plus is the fact that
such a routing of the process leads to early detection of
oncological diseases and, accordingly, to a decrease in
mortality, since oncology, diagnosed at an early stage,
is easier to treat.

However, a three-tier system has been introduced to
date. In general, this is a more optimized 6-level system
described in the works of O.V. Krivonosov.

The first level is the provision of oncological care
in oncological care (hereinafter — CAOP) in central
district and city polyclinics.

The second level is the provision of oncological
care in oncological dispensaries.

The third level is the provision of specialized med-
ical care, including high-tech medical care.

According to the literature, namely in the Gopal D.
article, data were collected on what patients think about
the structure of cancer care and how they would like to
modify it. Thus, according to patients, the fact would
have a positive effect on the treatment process if the
doctors who examine them at the first level, namely
general practitioners, therapists, would not only provide
diagnostic services for the detection of oncology and
direct them to subsequent examinations, but would
also be able to provide the services of a psychiatrist,
oncologist, rehabilitologist, a specialist in palliative
care, an informant on all issues. If we look at research
on patients’ expectations from the primary health care
team, scientists come to the same conclusion, everyone
needs universal specialists. Patients are raising concerns
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that they want specialists to become more qualified
and versatile, so that their level of education in their
specialty is constantly increasing, so that they have
access to refer patients to other specialists through less
bureaucratic thorns than they are now. After analyzing
the opinions of the doctors themselves in this work,
the scientists came to the conclusion that the doctors
agree with the opinion of the patients, as they believe
that more careful care will contribute to improving the
psychoemotional state of the patient and reduce the
economic component of this issue. However, all this has
so far been voiced only in theory, since in everyday life
doctors face harsh realities and realize that they do not
have enough time and knowledge to provide adequate
care to all those who live with and after cancer.

The main obstacles to providing cancer care were
limited time and resources; lack of coordination of
care with secondary care; lack of training and time for
training; and financial constraints [7].

All this makes us think about another important
point in providing cancer care, namely palliative care.
Palliative care, what is it? This is a type of service
provided by healthcare to alleviate the condition of an
oncologically ill patient as much as possible [8]. The
term “palliative care” was first used by a Canadian
physician named Balfour Mound in 1974, when he in-
troduced the principles of the British hospice movement
to emergency hospitals first in Canada and then around
the world [8, 9]. Subsequently, three main features were
developed in palliative care programs: multidimensional
assessment and treatment of severe physical or emo-
tional disorders, professional medical care in several
disciplines, and an emphasis on caring not only for
patients, but also for their families [8, 10]. Currently,
the academic community generally agrees with the
definition revised by the World Health Organization
(WHO) in 2016: “Palliative care is an important part
of comprehensive, human-centered health services and
the relief of serious health-related suffering” [8, 11].
Thus, palliative medicine, also known as palliative
care, is not only an effective medical intervention, but
also a comprehensive method of improving the quality
of life at the terminal stage, which has become the
consensus of most definitions [8,12]. At the same time,

HEALTH POLICY AND PUBLIC HEALTH

palliative care also has a holistic approach and takes
into account various aspects, including the physical,
mental, social, spiritual and economic condition of
patients, which is especially useful for terminally ill
patients with advanced cancer experiencing pain and
suffering [8, 13, 14].

The promotion of palliative care is a global ethical
responsibility. Patients suffering from various diseases
such as cancer, cardiovascular diseases, acute organ
failure, severe burns, end-stage chronic disease, se-
vere trauma or extreme fragility, as well as many other
acute or chronic diseases, can benefit from palliative
care for treatment. symptoms and improve the quality
of life. Thus, palliative care should be given special
attention and eventually integrated into all levels of
medical practice. According to WHO statistics, it is
estimated that in the world only 14 % of patients in
need of palliative care can receive it [9]. To achieve
the Sustainable Development Goals, all countries need
to strengthen palliative care services and make it a key
part of health systems.

The scientific community broadly interprets hospice
care as support, including psychological and spiritual as-
sistance provided by medical specialists and volunteers.
This assistance is aimed at providing a dying person
with peace, comfort and dignity, focusing primarily on
alleviating end-of-life experiences for both patients and
their families. Thus, hospice care refers to the care and
care services provided by medical staff, social groups
and volunteers to critically ill patients and their families
so that they can all properly accept and accept the end
stage of the disease and death [8,15].

At the moment, it is recognized worldwide that the
provision of specialized care in hospices is an effective
measure taken by healthcare to alleviate suffering and
improve the quality of life as much as possible in cancer
patients, as well as a partial reduction in the psycho—
emotional burden on the families of patients. There
are few positive aspects in outpatient hospitals, but
comfortable conditions of stay always give hope for an
easier course and outcome of diseases [8, 16]. It is also
worth noting that being in such healthcare organizations
as hospice at the terminal stage is encouraged and is
gradually being implemented all over the world, since
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combining treatment processes with palliative care can
bring positive results [8, 17].

Who provides palliative care? The main medical
staff [8, 18]. What conclusion can be drawn from this?
The healthcare system should include a cost line for
training medical personnel working with cancer patients
to provide palliative care. And this line of medical per-
sonnel should include not only doctors, but also junior
medical personnel, pharmacists and social workers. In
this regard, it is necessary to increasingly introduce
training programs to train personnel who will provide
palliative care [18]. The medical staff accompanying
a patient in the last stages of cancer should be uni-
versal, that is, they should have high qualifications in
providing oncological care, extensive experience in
managing such patients and a positive attitude. Such
a set of qualities provides qualified and supportive care
for cancer patients. In this regard, medical professionals
need to accumulate practical and theoretical experience,
professional knowledge in the field of palliative care
in oncology, participate in the continuous populariza-
tion of public education and contribute to a common
understanding of palliative care worldwide.

Of course, the decision to accept palliative care
from the state should be made by the whole family, and
in this case there should be an open dialogue between
the patient, the patient’s family and the medical staff. In
this discussion, it is necessary to consider issues related
to the current condition of the patient, the patient’s
readiness for treatment, what will be required along
the way, and what treatment is planned to be used.
Doctors in this case play a key role, but not the only one.
Junior medical staff should also be actively and sincerely
involved in the process of communicating and working
with the patient. The success of this approach lies in the
symbiotic relationship between the medical staff and the
patient, since only a doctor, by virtue of his experience
and knowledge, can provide qualified assistance to the
patient, but who is more aware of his condition than
the patient himself? As a result, consensus occurs and
joint efforts are possible to come to joint work, which
allows us to achieve the most favorable results [8,19].

Another important point in the decision to receive
palliative care is full respect for the patient’s choice.
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This is a complex process, but the measures taken at
the end of life are based on the voluntary acceptance
and approval of patients and their families [20]. This is
the only way medical interventions can bring maximum
clinical benefit. Given the significant development
of collaborative decision-making in clinical practice,
especially in the field of cancer treatment, this useful
healthcare model should also be applied and promoted
in palliative medicine [8].

Palliative care and hospice accommodation in
advanced stages of cancer are still of concern to an
increasing number of doctors, humanitarian scientists
and community activists. For example, in 2014, the
World Health Assembly (WHA) adopted a landmark
resolution calling on all member States to provide pal-
liative care as part of comprehensive cancer treatment,
as well as to give it sufficient attention and practical
application in multidisciplinary cancer treatment. Now-
adays, the participation of a multidisciplinary team is
commonplace in many medical institutions around the
world. Teamwork is also perceived by many experts as
an indispensable function of palliative care teams [21].
Among the palliative care models implemented in Asian
countries, most of them were as follows:

1) professional institutions and palliative care pro-
grams: community chambers based on a multidiscipli-
nary program, with medical services and entertainment
facilities (for example, the Indian National Palliative
Care Program);

2) palliative departments in general hospitals: the
use of hospital resources to provide medical care, care
and supportive care for terminally ill patients through
interdisciplinary collaboration (for example, the Pal-
liative and Care Department of the Fourth Hospital in
Western China);

3) specialized palliative care units established at
cancer hospitals [8].

Thus, the presentation model of palliative care may
differ in all countries, but the success of this process
lies in the collaboration of an interdisciplinary team.
Therefore, it is extremely important to attach importance
to multidisciplinary professional medical training.

Despite the fact that palliative care in a broad sense
benefits cancer patients by improving the quality of the
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last days of patients’ lives, it also faces obstacles to
implementation in the healthcare system. In most cases,
this is due to limited resources, technology and the level
of the economy in some developing countries [8]. Today,
thanks to artificial intelligence, automated learning,
robotic surgery and a huge amount of information on
the Internet, a large amount of work performed even by
doctors can be replaced by modern technologies. This
kind of technology is used in various medical practices.
In the field of palliative medicine, the combination
of modern scientific technologies with careful care
and professional experience of medical personnel can
contribute to the further development of palliative care.
It is also worth paying attention to the changing public
attitudes towards the use of modern technologies in
palliative care, as doctors are more likely to be able to
provide high-quality palliative care to cancer patients
and their families in the terminal stages of cancer.

Considering the different physical and psychoso-
cial conditions of each cancer patient, a personalized
approach should be applied in providing palliative
care. In this regard, accurate diagnosis and appro-
priate therapeutic treatment regimens are of great
importance for the development of the level of pal-
liative care [22].

Currently, personalized medicine based on tumor
characteristics is rapidly modernizing and optimizing
cancer treatment approaches. Personalized oncology is
evidence — based field of medicine that provides the
right care to a specific cancer patient at a specific time,
thus leading to measurable improvement in outcomes.

The basis of effective palliative care lies in optimal
and personalized patient care, considering the values,
beliefs, social and economic situation of each of the
patients and their families. Caregivers should attach
great importance to meeting their subjective needs
and helping them to properly resist cancer. In order to
provide patients with comprehensive positive palliative
care, medical staff must change the key point from
“disease orientation” to “patient orientation”. Only on
this basis can the quality of palliative care for cancer
patients be improved, which will contribute to the
progress and development of palliative care practices
in Asian regions.
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Quality control as a key strategy in oncology.
Another important factor in the structure of medical
care is quality control. And as strange as it may seem,
this is a key strategy to ensure better patient care [3].

A little historical background, according to the liter-
ature, it is known that quality management first appeared
and began to develop not in the field of healthcare, but in
industry. If we talk about medicine, the phrase “quality
control” is more related to managerial functions, but
what role do patients play here? A straight line. Because
improving the quality of medical procedures, increasing
staff motivation through their participation in job eval-
uation and decision-making, as well as the introduction
of structural and organizational changes are ultimately
aimed precisely at improving the patient’s position in the
healthcare system [3]. However, until today, healthcare
has paid full attention only to improving the medical
qualifications of staff, which has influenced the crea-
tion of an effective management system in healthcare.
A study in Italy showed that most health workers are
aware of their lack of managerial skills and highlighted
the need for more educational programs in this area.
The same researchers noted that education aimed at
developing leadership and managerial qualities in the
field of healthcare can help reduce social inequality,
thereby contributing to the development of a more eq-
uitable healthcare system. Through quality management
training programs, the level of patient care increases
since the actions implemented are more in line with the
specific requirements of medical institutions and are
developed by people familiar with the organization.
One of the disadvantages of providing adequate and
international training is the individual non-compliance
with learning tools due to geographical barriers and/
or limited time, which is currently being solved using
distance education, telemedicine. The widespread use
of distance education as a strategy for continuing pro-
fessional education has successfully expanded access
to information and democratized education. Indeed,
thanks to technological innovations, distance education
helps people already in the labor market to cope with
the disadvantages of distance and time constraints.
Therefore, if we want to make learning more accessible
and accessible, it is necessary to identify and implement
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new approaches to learning in educational activities. In
this regard, the use of active methodologies proves to
be a powerful learning tool both at the undergraduate
and postgraduate levels.

A few authors offer a specialized course in man-
agement in the field of oncology — this is an important
initiative aimed at helping specialists cope with the main
management problems associated with the provision
of oncological services and providing better and more
effective care.

In the publication of Andreev D.V., the issues of the
organization of quality control and safety of medical
care are widely considered activities in the field of
“oncology” on the example of countries Western Europe
(Belgium, Germany, and the Netherlands). Table 1
shows the established and already working quality
control systems of oncological care using the example
of these countries [23].

Table 1

Quality control systems for cancer care

Aspects of quality control

Description

Development of regulations and strategies

Formation of legislative and strategic frameworks for improving cancer
services.

Training of specialists

Ensuring the high qualification of medical personnel through training
and certification.

Improvement of recommendations and procedures

Updating and optimizing clinical guidelines and medical practices
based on the latest research.

Quality assessment and needs analysis

Regular assessment of the quality of medical care and identification of
patients’ needs through cyclic studies.

Application of innovations

The introduction of advanced technologies and innovative methods of
treatment into practice.

Ensuring information openness

Providing patients with accessible and understandable information
about treatment methods and criteria for evaluating the quality of
services.

The authors also argue that a positive correlation
would be brought by the creation of specific internal
documents and methods that correspond to both the
specifics of the work of individual medical institutions
and national standards and recommendations [8]. How-
ever, it is worth remembering that manuals on various
disciplines, including oncology, are regularly updated
as events develop rapidly in our countries. Moreover,
the recommendations developed on different continents
and in different countries adapt their standards not only
to widely recognized evidence-based developments,
but also consider regional/national capabilities and
characteristics, appropriate quality assurance measures
and the structure of the health system. However, of
course, wherever professional guidelines are estab-
lished, their ultimate and unified goal is to ensure and
certify the highest possible standards and quality of
patient care [24].
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In the context of information support, there is a ten-
dency to create so-called “quality registers” that will allow
comparing the performance of medical institutions and
average indicators for the region and the country. With the
introduction of such technologies, a sense of open dialogue
is created between medical institutions, doctors and pa-
tients, including providing detailed information about the
quality of cancer care through specialized web portals and
involving patients in the decision-making process about
treatment. Procedures have also been established to collect
and analyze feedback from cancer patients.

Within the framework of scientific and clinical
institutions, work is actively underway to develop,
improve and update criteria for assessing the quality
of oncological activities and indicators for evaluating
medical technologies, using a wide range of mathemat-
ical modeling methods based on a variety of theoretical
and practical approaches.
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Scientific research aimed at establishing criteria
for certification and accreditation of medical institu-
tions considers both general and specific aspects of
antitumor treatment for various types of cancer. This
creates prerequisites for situations where a medical
institution can obtain accreditation for the treatment
of certain types of cancer, having restrictions on
providing services to patients with other types of
cancer [23].

Conclusion

In conclusion, it is worth noting once again
that oncological diseases are an urgent problem,
the impact of which on the medical community is
not only not decreasing, but rather increasing. In this
regard, it is necessary to modernize and optimize the
processes of providing oncological care. According
to the literature, important aspects in this process are
the coordination of actions of medical personnel, both
doctors and nurses, and patients; their qualifications
as specialists in oncology and managers; provision
and implementation of palliative care everywhere;
quality control of the medical services provided,
carried out directly by the medical staff. However,
all these components of the cancer care structure
face reality in the form of a lack of actual time for
medical staff to train management skills, a lack of
resources for regional health structures to implement
palliative care and staff training in management
skills. However, a positive aspect in this situation
is the desire of the scientific community for self-im-
provement and professional development of their
skills as oncologists and managers. Since the world
community has repeatedly received proposals from
medical professionals themselves to create specialized
courses in management in the field of oncology and
continuous international training through distance
education and telemedicine.

Thus, this scientific article is a valuable contribution
to the discussion of organizational and structural aspects
of providing cancer care.
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CprKTypa ynpaBieHud U opraHn3auuum OHKOJIOrMYECKOU NOMOLLU
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2 HatjuoHa/ibHbIM MeUIUHCKUHN WCC/eJoBaTeIbCKUIM LIEHTP pajinosioruy, 2. Mockga, Poccutickas ®@edepayust
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AnHoOTanmA. AKmyanbHoCcmb. 3paBOOXpaHeHHe Ha CEroJHSIIHUM JeHb CTaJKMBAeTCs C Hen30e>KHOCTBIO TIepeMeH, To-
CKOJTBKY Ha ero MyTH BCTPeYaroTCs LIMPOKHKH CrieKTp mpobsieM B YCIOBUSIX MOTHOM HeM3BeCTHOCTH. D heKTHBHOE yIpaBieHre
W3MeHeHHUsIMH MOXKHO I00UTHCS TIPU COTPYJHHUUECTBe, KOOPVHALIMHI 1 B3auMOZ0moiHsieMoCTH. HayuHoe coo01iiecTBO MpH3bIBaeT
K pa3paboTKe TIOJXOJ0B K YIIPAB/IeHHI0 H3MeHeHHsIMH, KOTOpbIe aKLIeHTHPYIOT CBOe BHUMaHVe Ha CKOODAWHUPOBaHHOM paboTe
BCET0 TiepCcoHasa 3paBo0XpaHeHus], IOCTOSTHHOM 00yueHUH, 0OMeHe OTBITOM, MOBBIILIEHNN KBaTH(UKAiyd MeAULIHCKOTO
TepcoHasia He TOJIBKO KaK CIeLMa/IMCTOB B 00/1aCTH OHKOJIOTHH, HO M B KaueCTBe YCIelIHbIX yrpaBieHeB. Takke Heo6X0uMO
He 0CTaBUTH 0e3 BHUMaHHS COLManbHbIe (aKTOPEl, 8 UMEHHO, TaK Ha3bIBAEMYIO «CHJTy COUYBCTBHS», KOTOpAst BBIPA’KaeTCst BO
BHE/IpEHUH U Y/TyUIlIeHNUH Ma//IMaTUBHOM MOMOIIU. L]enblo JAHHOW CTaThy SIBMISIETCS aHa/IN3 CTPYKTYPHI YIIpaB/ieH!sl U OpraHy3a-
L{IM OHKOJIOTMYeCKOM TIOMOLLM ¥ TIpeJIJIOKeHHUs [iJ1s1 Y/IyUIlIeH!sI KaueCTBa JiedeHHsl ¥ YX07ia 32 OHKOJIOTYeCKUMY MarjieHTaMH.
[ManHas my6IrKaLyst MOCBsIeHa KOMIJIEKCHOMY aHa/|3y MpobieM 1 MepCreKTHB Pa3BUTHsI OHKOJIOTMYeCKo# romoruy. OH-
KOJIOTHS1 pACCMOTPEeHa HaMH, Kak OffHa U3 HarOoJsiee KPYITHBIX TIPO0O/IeM 3paBoOXpaHeHus. B CBS3U C 3TUM Tpe/IoKeHbl Hen
0 HeoOXOJUMOCTH OCYILeCTBIEHHS MOZIePHH3AL[UU M ONTUMH3aLiH MPOLIeCCOB TPeJ0CTaBIeH s OHKOJIOTHYeCKOH MTOMOIIIH.
Cor/nacHo /JaHHBIM JIUTePaTyphl BAYXHBIMH aClleKTaMH B 3TOM ITPOL{eCCe SIB/ISIOTCS COIVIACOBAHHOCTD AeHCTBHI MeULIMHCKOTO
TepcoHasa, Kak Bpaue, Tak ¥ MeficecTep, U MaljieHTOB; X KBaJM(UKaIys Kak CIeLjaIiCTOB B OHKOJIOTMY M YIIPaB/IeHLIeB;
TIpeJjoCTaB/eHN e ¥ BHe/[peHue IT0BCeMeCTHO Ia/UTHaTUBHOM TIOMOIIM; KOHTPOJIb KauecTBa I1pe/j0CTaB/IsIeMbIX MeULIMHCKUX YCIYT,
OCYIIeCTB/II€MbII HETIOCPeACTBEHHO MeJULIMHCKUM repcoHanoM. OJHaKo BCe 3TH KOMITOHEHTHI CTPYKTYPbl OHKOJIOTMUYeCKOH
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TIOMOLLIY CTA/IKUBAKOTCA C pea/IbHOCTBIO B BUi€ OTCYTCTBUSA (bElKTI/IlIeCKOFO BpeMEHU Y MEAULIMHCKOT'O IepCOHAJ/Ia AJid 06yquHH
YyripaB/ieHU€CKHUM HAaBbIKaM, OTCYTCTBUA PECYDPCOB Yy PErMOHa/IbHBIX CTPYKTYD 3PaBOOXPdHEHUA A1 BHEADEHUA Ma/JTMaTUBHOMN
TIoMo1 1 06yquI/IIO repcoHaJ/ia yripaBjieH4YeCKMM HdBbIKdM. ITono)xuTe/IbHLIM acrieKTOM B ,E[aHHOIZ CUTYALIUU ABJISAETCH
CTpeEMJ/IEHHE HAayUHOI'O COO6H.[ECTB& K CaMOCOBepIIE€HCTBOBAHUIO U IMOBLIILIEHWUIO KBa]II/I(I)I/IKElL[I/II/I CBOMX HABBIKOB, KdK Bpaqeﬁ
OHKOJIOT'OB, TdK W YIIPpABJ/IEHLIEB. Bbi800bI. TakuM 06pa30M, Ba)KHOM BeXOM B pelieHrs 3TUX BOIIPOCOB, 110 HallleMy MHEHHIO,
CTaHET COo3ddHKe CIIeLIMa/IM3UPOBAHHBIX KYDPCOB 110 MEHE/DKMEHTY B 00/1aCTH OHKOJIOTHH U HeMnmpepbIBHOM MEXAYyHapOJHOM
O6yquI/II/I uepes3 JUCTAHLIMOHHOe O6pa3OBElHI/Ie " TesieMeNLNHY.

KroueBsbie c/10Ba: OHKOJIOI'Uf, XOCITUC, Ta/JIMdATUBHAA ITOMOILb, KOHTPOJIb Ka4€CTBd, MHOI'OYPOBHEBAs CUCTEMA 3paBO-
OXpdHeHUd, Te/ieMeJULIMHA, CTPYKTYPa 3PpABOOXPAaHEHHNS

Hudopmanus o puHaHCHPOBaHUM. ABTODBI He TI0/TyYaiv (PUHAHCOBOM MO/Jep)KKU 3a MCC/Ie[0BAHKE, aBTOPCTBO U MyO/IMKAL|IO
9TOU CTaTbH.
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Cartograms in oncology: analysis of the regional situation
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Abstract. Relevance. Over the past few years, there has been a worldwide trend towards an increase in cancer morbidity
and mortality. Health officials and epidemiology researchers often use disease maps to identify potential disease groups.
Cartograms are cartographic images of various territories that contain information not about the area of the occupied territory,
but about a variable of interest to the reader, for example, the population or a specific disease. This tool has been used for data
visualization for more than a century, but right now it is becoming increasingly popular to display patterns and directions of
changes in the world around us. The introduction of cartograms into the healthcare sector is gradual, depending on the results
obtained in the development of various types of cartograms. It is difficult to fully assess the importance of collecting and
analyzing information about the course of cancer. However, with the improvement of this system, good results can be achieved
in preventing the occurrence of oncological diseases and increasing the level of cancer care provided. The purpose of this study
is to analyze existing information about cartograms used in oncology. This publication discusses issues related to the need to use
cartograms in oncoepidemiology, the causes of oncology, the advantages of using cartograms to consider a variety of diseases
from simply infectious to HIV and technical issues related to geographical visualization, related problems and ways to solve
them. Cartograms are a tool that clearly demonstrates the changes taking place in a small area, for example, in a certain area,
within a large territory, for example, an entire republic in a format that can be perceived by all users and “readers” of cartograms.
Conclusion. Oncology is a disease that spreads through the population by leaps and bounds. In this regard, it is necessary to
collect as much statistical data as possible for more accurate predictions of the outcome of the disease, treatment of oncology
and, most importantly, the preparation of preventive measures for this disease. Digitalization of healthcare in the form of digital
cartograms will undoubtedly help in this.

Keywords: cartograms, oncology, mapping, oncoepidemiology, oncological risk, geoinformation system
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Introduction

Oncology is the leading cause of death worldwide,
regardless of the level of development of the country and
the income of the population. According to the literature,
the cancer epidemic will only grow. To date, there are no
such technologies that could manage oncology. There
is a possibility of reducing the fatal outcome with early
diagnosis of cancer, and humanity also needs to take
control of its health into its own hands, since a negative
lifestyle increases the risk of cancer. Similar lifestyle-
related risk factors include tobacco use [1, 2], lack of
physical activity, overweight, and situations associated
with deterioration of human reproductive function [1].

The most dangerous oncological diseases are those
associated with neoplasms of the pancreas, liver, lungs
and bronchi, prostate/chest, colon, rectum and ova-
ries [3]. The greatest danger lies in the fact that most
cancers do not have obvious symptoms until the disease
reaches the terminal stage. Early cancer diagnosis is an
important step in the treatment of cancer, but it does not
always help. Research in the field of oncology is carried
out everywhere and constantly, respectively, cancer
biomarkers have long been nothing new to anyone,
but it is still difficult to apply them in early diagnosis
of cancer. Thus, to date, the research and discovery of
biomarkers that will allow the detection of cancer even
with an asymptomatic course is a priority task of basic
research in oncology [3, 4].

One of the most important criteria in the field of
cancer healthcare is patient survival. In The Lancet [5],
one of the publications reports that the survival rate of
cancer patients has increased in recent years, but this
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is not typical for the global community as a whole,
although the welfare of countries is also important [5].
However, the different financial well-being of countries,
cities and each individual is not the root cause of cancer.
One of the generally recognized factors in increasing
the incidence of cancer is the high level of urbanization
and industry in the regions where the population of
a particular country lives. The environmental component
of this issue is putting more and more pressure on the
health of the population, as residents are increasingly
exposed to various types of pollutants of a natural and
man-made nature, many of them are potential carcino-
gens [6]. According to WHO, up to 90 % of cancer cases
can be caused by an unstable environmental situation
in a human habitat [6, 7]. To date, most often statistical
data on mortality and survival are calculated for the
region, the city, at best an administrative urban area
and no less. However, the actual oncoepidemiological
situation in small towns or areas of a large city is not
being investigated [6]. Thus, the purpose of this work
is to analyze the mapping of oncological diseases de-
pending on the region of residence of the population.

Cartograms

Cartograms have a whole history of development,
which strives for further development and is subject
to constant modification, adapting to user requests.
According to the literature [8], the first cartograms in
medicine were introduced and used in 1926 by Wallace.
Cartograms were developed for the state of lowa in the
USA and diseases marked with colored labels were
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used as a variable in them. This was done in order to
analyze the morbidity situation in this state in order
to understand the prevalence of infections and track
the real foci of occurrence, that is, the more tags are
concentrated in one place, the higher the probability
that a focus is found in this particular area. In 1955,
Ian Taylor conducted similar studies only in London,
drawing up an “epidemiological map” of the spread of
polio based on the results of his research [8].

Further, in 1970, Melvin Howe introduced a car-
togram in the second edition of his Atlas of Mortality
from Diseases. This map was externally formed from
geometric shapes (squares and rhombuses), which
meant various settlements. These figures were painted
in certain colors depending on the studied disease by
age and gender.

Back in 1965, in the USA, M.E. Levison and W. Had-
don [8, 9] began using cartograms of New York in order
to track the geographical prevalence of Wilms tumor or
cervical carcinoma. And further in 1971, based on the
data and experience already obtained, these scientists
managed to share their experience of using cartograms
when creating a similar map for the flu epidemic [9, 10].

The digitalization of cartograms in the USA began
its development in 1985 by a group of scientists led by
S. Selvin [11]. The process of introducing computer tech-
nologies in this area at that time did not receive a wide
response, since scientists were only introducing man-
made cartograms into everyday life, and they were already
offered to create them on computers, this created more
difficulties than one might have expected. Thus, at that
time, it was possible to get acquainted with only a series of
cartograms on mortality (from various diseases) depending
on the region in the atlas of Great Britain [11].

An accessible and improved algorithm for the de-
velopment of cartograms, which can be used in medical
mapping, began to be introduced into the world commu-
nity relatively recently, in the period from 2018 to 2020.
Its action is based on the physics of heat transfer [8, 12].
The strategy of this algorithm allows you to create a re-
lationship between the density of a variable and changes
in the size of territories on the map. For example, on the
map, which describes statistics on mortality caused by
vitamin A deficiency, the territory of Pakistan, which is
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the epicenter of mortality for this reason, is marked as
a large territory, in contrast to this, the territory of Brazil
is not marked on this map at all, since even low mortality
associated with deficiency is not recorded in this country
of this vitamin. The use of this methodology makes it
possible to divide regions by mortality without paying
attention to the territorial component of states [8].

One of the decisive factors for creating maps is
their availability. And this factor faces the challenge
of collecting and evaluating data at the international
level. To date, we can track the improvement in the
statistics of the data provided by WHO. There has been
an increase in the number of States that provide data
for the formation of global statistics. However, due to
the large amounts of information, it is worth stating for
sure that the quality of the data provided to WHO is
different. The baseline data, which is publicly available,
includes an indicator of the level of uncertainty for each
country for each cause, as well as a set of confidence
limits for all-cause mortality in each country. Even in
what is the most reliable, there are still problems of
uncertainty. However, according to literary sources,
today the modernization of processes is still underway
and there has been an improvement in the situation
compared to ten years earlier. An indicator of these
improvements is the report “World Mortality in 2000:
Mortality tables for 191 countries”, which was published
because this information is key to shaping the further
development of health policy [8].

Today, ordinary users have free access to various
cartograms, this is a manifestation of progress, as people
can assess the situation of morbidity and mortality
around the world, thereby increasing their horizons and
being inspired to reduce factors that can affect health.
One of the publicly available maps related to medicine
is the Worldmapper project map (Figure 1) [8]. This
map consists of items that contain information about
medical personnel working in hospitals, HIV prevalence,
maternal mortality, stillbirth, infant mortality, malnu-
trition and other information. However, this medical
orientation of the card is not only its one direction, it
is multifunctional and, due to the digitalization of its
processes, it can also illustrate information about wars,
education, etc. [8].
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Fig. 1. Worldmapper 413 map: Mortality from vitamin A deficiency in 2002

Cartograms in oncology

According to U.K. Zhumashev, for the population
of any region, it is necessary to conduct a comprehen-
sive medical and geographical zoning of the territory,
which will allow assessing the impact of the environ-
ment on the health of the population [13]. Such zoning
will make it possible to clearly trace the quantitative
and qualitative dynamics of survival, mortality and,
most importantly, will provide an opportunity to
identify the root cause of such a devastating human
problem as cancer. This interdisciplinary approach,
which includes geography, medicine, and ecology,
will make it possible to study the peculiarity of the
prevalence of oncological diseases within the frame-
work of natural objects and industrial and territorial
complexes [9].

Mapping in oncology is a rather interesting way
to conduct analysis, obtain statistical data on the
distribution of the incidence of cancer survival and
mortality, and study spatial correlations of the studied
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diseases. L.P. Volkotrub believes that oncological
mapping is an excellent way to conduct research in
the field of oncology to identify the causes of this
disease, assess the prevalence of cancer depending
on the region, the area of residence of patients, for
subsequent assessment and identification of risk
zones. A cartogram is a kind of map of the preva-
lence of the disease, which, in addition to territorial
information, contains information about survival,
mortality, various stages and features of the course of
the disease in the form of colored notes and sketches
for greater clarity. To date, technological progress
simplifies mapping, since this process is already
automated [6]. There are many examples of the use of
mapping in oncology, for example, in the publication
of M. Sh. Osombaev and co-author. A cartogram of
the incidence and mortality of colorectal cancer in
the world is vividly presented, which clearly demon-
strates the territories affected by this disease (Figures
2 and 3) [14].
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Fig. 2. Cartogram of the incidence of colorectal cancer in the world

Fig. 3. Cartogram of colorectal cancer mortality in the world
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In the publication of V.M. Merabishvili and col-
leagues a more detailed distribution of standardized
indicators of lung cancer incidence in the male and
female populations of the Northwestern Federal Dis-
trict of the Russian Federation, as well as the index

of reliability of accounting for lung cancer at the re-
gional level, is demonstrated, the cartogram presented
below in Figures 4, 5 and 6 was prepared by Doctor
of Medical Sciences I.A. Krasilnikov and taken from
this article [15].

Fig. 4. Distribution of standardized lung cancer incidence rates in the male population of the Northwestern Federal District
of the Russian Federation according to [15]

Fig. 5. Distribution of standardized lung cancer incidence rates in the female population of the Northwestern Federal District
of the Russian Federation according to [15]

HEALTH POLICY AND PUBLIC HEALTH
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Fig. 6. The index of reliability of accounting for lung cancer according to [15]

Epidemiological analysis has a long history of
mapping diseases and related medical and socio-
demographic data. Cartograms are used to study pat-
terns occurring in space in order to identify a causal
relationship between the occurrence of a disease [16,
17]. According to statistics, visual analyzers analyze
information best, which is why epidemiological maps
are created and based on their visual analysis, there is
a possibility of detecting the “root causes” of diseases.
In addition, cartograms are the final product formed
during the coordinated work of the cartogram creators
and a group of scientists who collected and analyzed
information before publishing it to the general public.
In addition, public unrest over this issue stimulated
the development of automated systems for building
maps [16-19].

Advantages and disadvantages of mapping

But not everything is so rosy, despite the large
number of advantages in the development of cartograms,
there are also disagreements about their use. On maps,
territories are most often defined sectors, highlighted by
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some attribute, in our case by the prevalence of oncolog-
ical diseases. A number of scientists believe that when
ordinary readers perceive maps, there is a possibility of
being misinformed, since those sectors that are marked
on them may simply be the result of random variation
or a slight degree of clustering of similar values. In
this regard, this area of research focuses on the fact
that creating cartograms requires a large amount of
resources to determine their statistical significance. For
this reason, the transmission of statistical uncertainty is
an important problem in disease mapping [16].

This fact is the main problem in epidemiological
mapping and is openly recognized by cartographers,
especially difficulties arise when mapping rare diseases
and uneven spatial distribution of the main population.
These factors influence and exacerbate each other, since
the standard map may pay disproportionate attention to
geographically large but sparsely populated areas, and
these same areas have relatively unreliable observed
incidence rates, which is reflected in their large standard
errors or related statistics. In this regard, a problem
arises for the so-called “map readers”, since it will be
difficult for them to visually distinguish statistically
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significant sectors and areas with high incidence rates,
but not statistically significant due to the small sample
size [16].

But not everything is so hopeless, in the publication
of J. Barry [16] proposed a method that can avoid a dis-
proportionate visual emphasis on geographically large
but sparsely populated areas — population density equal-
ization maps, or “cartograms”. In his understanding,
a cartogram is a map on which the shapes of districts are
changed in such a way that their size is proportional to
a certain variable, usually the population. This leads to
a uniform density of variable population, which is why
cartograms are also called density equalization maps
[19]. Population cartograms, used as a basis for disease
mapping, reduce the size and, consequently, the visual
identification of sparsely populated areas in which high
incidence rates can occur exclusively by chance [16].

The advantage of the proposed geovisual analytics
system is that it supports the rapid determination of sta-
tistical significance for user-defined regions consisting
of several districts or parts of districts. Essentially, it
supports a truly exploratory analysis, using the visual
perception and spatial thinking of the map reader to
identify and evaluate sectors that are unknown in ad-
vance and may not be detected by automatic search
methods. Most standard statistical significance tests are
applicable to pre-defined areas and are therefore prob-
lematic in a research framework due to the problem of
testing multiple hypotheses. To support the assessment
of the statistical significance of a posteriori defined
areas, we use scanning statistics, which provides a more
rigorous test based on the probability of a given cluster
appearing anywhere on the map under the null hypoth-
esis. The compactness measure is also used to mitigate
problems that arise when considering irregularly shaped
clusters [20].

Geographic visualization-problems
and solutions
The main problem in the visualization of conven-
tional maps is the comparison of geographical data with
information on morbidity. When studying the map,
untrained readers may encounter incorrect interpretation

HEALTH POLICY AND PUBLIC HEALTH

of the results. For example, when studying any patterns
of the occurrence of diseases, their large dynamics can
be traced in small territories, and in large territories there
is a low level or complete absence of manifestations of
the disease, however, due to the difference in territories,
the information that “readers” study is distorted.

Cartograms are well suited to solve these problems.

Emile Levassera is the founder of modern car-
tograms by area [21, 22]. His work is based on rectan-
gles that differ in size, which are variable and indicate
some kind of criterion. These rectangles are grouped
according to their geographical location, for a better
interpretation of the results.

The basis of D. Dorling maps [23] are circles whose
size corresponds to the selected variable, without pre-
serving the natural topography.

The first computer cartogram was created by Waldo
Tobler and called a “pseudo-cartogram”. Its structure
incorporated the functions of expanding or contracting
regions in latitude and longitude in order to achieve an
equal density of values.

The method of M.T. Gastner and M.E.J. New-
man [24], a type of W. Tobler maps called density
equalization maps, is based on the diffusion process.
During this process, the geography expands until
a uniform density of the selected variable is reached,
which leads to distortion of real geographical data.
This method provides the ability to change parameters
to adjust the degree of geographical conservation and
achieve uniform density. The development of a density
equalization visualization method was supposed to solve
problems related to spatial resolution, small sample
sizes and variable population density.

The development of the algorithm by M.T. Gast-
ner and M.E.J. Newman aimed to simplify the use of
cartograms. However, when using a cartogram with
a high resolution of a large area and high heterogeneity
of data, data visualization problems arise [25].

To date, public health researchers and epidemi-
ologists have recognized the benefits that cartograms
can bring to identify many groups of diseases. More
recently, cartograms have been used in the United States
to display the prevalence of obesity. This was done to
assess the relationship between obesity and various
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socio-economic factors by policy makers, taking into
account geographical and social inequalities. In another
study, Appalachian County was singled out, the situation
with dental services was considered there, and despite
the high demand for these services, the level of services
provided and the number of dentists left much to be
desired, compared with other counties whose population
was many times larger. In North Carolina, cartograms
were used to describe the epidemiological situation of
hypertension during pregnancy, as well as to assess
the spread of diseases and plan medical interventions
during pregnancy. A significant contribution to public
health is the fact that cartograms can help describe
the distribution of populations living with HIV and
HIV-related outcomes by showing where populations
and regions that are more susceptible to the disease live,
through the simultaneous use of colors, patterns and
geometric shapes; this contrasts with cartograms that
allow for differential coloring or drawing only within
natural geographical or political boundaries [26, 27].
In the publications of M.U.G. Kraemer with colleagues
and the article. D.E. Sack with colleagues [26, 27] the
authors emphasized the importance of cartography in
infectious disease research and discussed the extent of
its capabilities when used for geographic mapping of
disease risk, which is especially important when study-
ing diseases or populations that are strongly influenced
by geography and time, including people with HIV. For
the global community, it is necessary to understand the
distribution of the population, since then it is easier to
assess risks (for example, contact with another person
with HIV). Modern computing technologies, com-
bined with greater availability of spatially continuous
data, have proved particularly useful in identifying the
heterogeneity of the risk of infectious diseases. Using
mapping to create density-aligned maps eliminates the
problems associated with exaggerating the importance
of low-density areas and hiding potential sectors in
high-density urban areas. This provides a platform for
implementing public health measures. The ability to
determine the distribution of key population groups and
predict the results is of paramount importance when it
comes to planning further actions, identifying specific
measures and attracting funding [27].

224

One of the problems when creating cartograms is
the fear of reloading too much information into it, which
can confuse the “readers” of cartograms. However, this
coin has a second side, experts in the field of oncology,
on the contrary, prefer to get as much information and
details as possible. The solution is to use interactive
technologies — this is a design feature of modern car-
tography methods that can be used to include additional
information without overloading the user. Effective
interactive user-oriented actions lead to rapid, gradual
and reversible changes on the designed display [28].
M. Monmonier and S. Kolobakin with colleagues [28,
29] recommend the use of interactivity so that all users
can study and use the map to obtain additional infor-
mation and provide a more informative and interesting
interpretation of the results. The user or reader will be
able to switch between different interfaces, variables,
map views and even receive several predicted outcomes
for the treatment of patients. This is a good way for
users or readers of such maps to get all the answers
to their questions and analyze all the information in
general. It is also worth considering that the needs of
the audience are always changeable and are a priority
for the creators of the map, which is why interactivity
will make the process of information consumption
more dynamic and interesting. The advantage of user
interaction with maps is the fact that it helps to collect
more data, assess the spatial distribution of diseases
and allows you to explain the presented statistics and
their relationship.

There is such a thing as online atlases. So the use
of interactivity will just improve the performance of
these resources. Interactive design features present on
online cancer maps include tooltips, drop-down menus,
data selection, zooming and panning, which allows
users to explore the map as needed and provides display
flexibility [28].

Thus, all of the above is a great help in the de-
velopment of the atlas of cancer. Map makers should
consider using additional mapping methods, and it is
also worth paying attention to the needs of the audience
that “reads” such maps, time intervals, and financing.
However, effective communication of cancer statistics
to the public is of paramount importance. The advantage
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of the old type of cards is that they are more familiar
in shape to more people, but it is a clear fact that they
can give a wrong perception of information. Public
atlases can be useful educational tools and are used
everywhere in healthcare. Already, many statistics are
commonly used in the analysis of the primary symp-
tomatic manifestations of cancer. It is often possible
to see morbidity rates or coefficients that show how
much the region is above or below the average level.
Interaction with maps is an important component of
publicly available atlases, and with the development
of modern technologies, it is becoming easier to use.
Map and atlas developers need to provide access to as
many users as possible with as much information as
possible. Thus, the development of cartograms evolves
to publicly available atlases.

Regional spread of oncology

When studying issues related to the spread of
oncology at the level of one country, one can observe
heterogeneity of results, which is associated with dif-
ferences in population and their habitat. However, the
issue of the relationship between the region and cancer
outcomes is interesting and open, it should be given
attention at the level of the socio-ecological structure

of healthcare. It is necessary to analyze the impact
of the region on a cancer patient in order to possibly
identify new aspects related to the disease itself. When
detecting differences in the spread or manifestation of
cancer at the regional or national level, the main thing
that medical personnel should do is to correctly interpret
the results to determine whether they are genuine or
statistically insignificant, in order to avoid false positive
results. Regional differences exist. Regional differences
lead to lower absolute survival in one region compared
to another. In the article by B.E. Wilson with colleagues
it is described that 50.5 % of patients in the Asia-Pacific
region received additional anticancer therapy after the
study, compared with 28 % in the Western region. The
frequency of subsequent use of anticancer therapy was
53.9 % in the Asia-Pacific region, compared with 45.2 %
in the Western region [30].

If we analyze the situation in Russia, according to
official data from Internet sources, by 2020278,992
people died from malignant neoplasms, 3,940,529
people are patients with an established diagnosis of
malignant neoplasm, 296.9 billion rubles were spent
by the state on providing medical care to patients with
cancer. On the figure 7, taken from the source [31], there
is demonstrated the prevalence of cancer in Russia.

Fig. 7. Severity of the problem in the regions of Russia
(from A to E, the prevalence from the lowest to the highest is highlighted in colors) according to [31]
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The authors argue that “low morbidity is not al-
ways an indicator that everything is good in the region,
but may indicate that the procedure for detecting and
registering new cases is working worse in the region.”
The authors cite breast cancer as an example. This
type of cancer is not associated with external negative
behavioral habits, for example, smoking, etc., which can
form a relationship with the incidence of this particular
type of cancer in a particular region. The standardized
incidence rate of breast cancer in women, according
to 2018 data, is 51.6 per 100 thousand. The average
value for all regions was 49.9 people, that is, in half
of the subjects, the value of the indicator did not ex-
ceed this limit. However, in some regions it deviated
significantly from the median, among them: Nenets
Autonomous District, Republic of Dagestan, Republic
of Sakha (Yakutia), Republic of Kalmykia, Udmurt
Republic, Republic of Altai, Chukotka Autonomous
District, Sevastopol, Leningrad Region, Perm Territory,
Republic of Buryatia, Jewish Autonomous District,
Chuvashia [31].

When analyzing the situation in Russia, it was
found that the following regions took precedence in
terms of favorable outcomes in the rating of regions
of the Russian Federation in terms of the scale of the
problem: Kaluga Region, Kamchatka Territory, Kras-
noyarsk Territory, Murmansk Region, St. Petersburg,
and Tomsk Region. In all regions, good early diagnosis
and a high level of qualified medical care were noted.

The least favorable situation in the work of the
oncological service has developed in the Republic of
Adygea, the Republic of Altai, the Republic of Dag-
estan, the Republic of North Ossetia— Alania and the
Kostroma region. These regions are characterized by
poor diagnosis in the field of oncology. In the Republic
of Adygea and the Republic of North Ossetia, there is
a low level of therapy for the detection of malignant
tumors. In the Republic of Dagestan and the Republic
of North Ossetia and the Kostroma region, there are
high detection rates at late stages, and in the Kostroma
region, Adygea and Altai there are some of the highest
mortality — to-morbidity ratios for five nosologies.
Migration of patients for treatment to other regions is
noted in all regions.
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Thus, the cartograms in this example perfectly
demonstrate the situation in the field of oncology
within one country. Looking at the map, you can im-
mediately assess the position of each of the 83 regions
of the Russian Federation and make assumptions about
why they have low or high activity in the spread of
cancer [31].

Conclusion

Oncology is a disease that spreads through the
population by leaps and bounds. To date, there is no
exact data on why and at what point in certain people
cancer cells begin to divide uncontrollably. In this
regard, it is necessary to collect as much statistical
data as possible for more accurate predictions of
the outcome of the disease, treatment of oncology
and, most importantly, the preparation of preventive
measures for this disease. Digitalization of healthcare
will undoubtedly help in this. And one of the ways
to collect data and visually analyze the oncological
situation at the global and regional levels is the use of
cartograms. The use of cartograms radically chang-
es the clinical workflow, providing both healthcare
providers and patients with access to big data-based
information. Experiential medicine is being replaced
by a scientifically based, patient-centered approach.
Given the state of geographic information systems
and increasingly powerful analytical software, car-
tograms should be embedded, accessible and reliable
tools that complement traditional cartography in
visualizing important epidemiological data. The use
of cartograms to determine the geographical spread
of oncology worldwide is a necessity. Modern car-
tograms are a tool that demonstrates the territories
where cancer patients live in a more diverse and clear
way, compared with using only cartographic methods.
The developers have built in functions that allow you
to visualize changes in small areas or vice versa in
larger areas. However, it is worth recognizing that
today the world community still needs a more in-
depth study of the issues of formation, construction,
and development of cartograms in order to adapt to
the needs of a changing world.
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3a00/1eBa€MOCTH JI7Ts1 BbISIB/IEHUS TIOTEHIMa/IBHBIX IPyII 3a00seBaHuid. KapTorpamMel — 310 KapTorpaduueckoe n3obpakeHre
Pa3/IMYHBIX TEPPUTOPHIH, KOTOPBIE COfiep>KaT MHPOPMALMO He O TUIOIIaAX 3aHUMaeMOy TePPUTOPUH, a 0 UHTePeCYIOILel UuTaTesis
repeMeHHOH, HarlprMep, YHMC/IeHHOCTH HaceleHu s UK O KOHKPeTHOM 3a00/1eBaHUH. [IaHHbIA HHCTPYMEHT UCTIONb3YeTCs Jiist
BU3ya/M3aliy JaHHBIX YoKe Oosiee BeKa, OJHAKO UIMEHHO ceifuac nmpruobpeTaeT Bce HOMBILYIO MOMY/ISIPHOCTE AJIst OTOOpaskeHHsT
3aKOHOMEPHOCTell U HanpaB/IeHHOCTH U3MeHeHHI B OKpY»KarolljeM Hac Mupe. BHeZpeHMe KapTorpaMM B cdepy 37ipaBoOXpaHeHHst
TIPOMCXOAUT MOCTENEeHHO B 3aBUCHMOCTH OT TIOJTyUeHHBIX Pe3y/IBTaToB IPH pa3paboTKe pa3MuHbIX THIOB KapTorpamM. B monHoi
Mepe C/I0KHO OL|eHUTh BXKHOCTb cO0pa U aHamM3a MHQOPMAaLIMY O TeUeHHH OHKOJIOTHYeCKUX 3abosieBanuii. OfHAKO TIpU COBEp-
[IEHCTBOBAHKH 3TOM CUCTEMbI MOXKHO ZJOOUTHCS XOPOLIMX Pe3y/IBTaTOB B MPeA0TBPalieHH BOSHUKHOBEHHH OHKOIOTHYe CKUX
3a00/1eBaHUH 1 MOBBILIEHUH YPOBHS OKa3bIBaeMOM OHKOIOTMYeCKOW MOMOLIHU. L]eblo JaHHOTO UCC/IeI0BaHUSI SIB/ISIETCS aHaIn3
CyliecTByoLel HHGOPMaLUY 0 KapTorpaMMaXx, MPIMEeHUMBIX B OHKOJIOTHU. B aHHO#M MyO/IMKaL|y pacCMaTpUBAKOTCS BOMPOCH,
CBfI3aHHBIE C HeOOXOJMMOCTEIO TIPUMEHEHHSI KapTOrPaMM B OHKO3IHZIeMHOJIOT Y, IPUYHHBI BOSHUKHOBEH!S OHKOJIOTHH, [TPeNMY-
IIeCTBA WCTI0/b30BaHUsI KAPTOTPaMM JIjIsi pACCMOTPEHHMs Pa3lIMuHOro CrieKTpa 3abomeBaHuil OT MPOCTo MHGEKLMOHHBIX 1o BUY
Y TEXHUYECKHe BOMPOCHI reorpauueckoi BU3yar3aLiiy, a TakKe Mpo0/ieM ¥ MyTH WX pelleHus. KapTorpaMMbl — UHCTPYMEHT,
KOTOPBI HAIVISIIHO IEMOHCTPHPYET U3MeHeHHs], POUCXO/IIMe Ha HeOOBIION TeppUTOPUH, HarlpuMep, B OTpeZie/ieHHOM paioHe,
BHYTpU DOOJIbIIION TEPPUTOPUH, HATIPUME, 11€/I0M pecrybMKy B TOM opMare, KOTOPbIE MOTYT BOCHIPUHATH BCE TI0/1b30BaTe/u
U «UHTaTeM» KapTorpamMM. Bbigodsl. OHKosorust — 3abosieBaHre, KOTOPOe PaclpOCTPAHSIeTCS TI0 TIOMYALUN CeMUMUTBHBIMU
maramu. B cBsi3u ¢ 3TUM HeoOX0AUMO cobpaTh KaK MOXKHO OOJIbIle CTaTUCTUUECKHX JJAHHBIX /IS O0Jiee TOUHBIX TIPOTHO30B
rcxoza 3abosieBaHus, JieUeHHs] OHKOJIOTHH U caMoe TJIaBHOe COCTaBJieHHe Mep TPOGUIaKTUKH JaHHOTO 3a0oseBaHust. B atom,
6e3 coMHeHWMs1, TOMOXKeT LPOBU3aLKs 3PABOOXPAHEHHS B BUZle LIU(PPOBBIX KAPTOTPaMM.

KirroueBnble cj10Ba: KapTorpaMMbl, OHKOJIOTHS], KapTorpadgupoBaHue, OHKOSIHeMHO/IOT s, OHKOJIOTHYeCKUH PUCK,
reonH(OpMaIMoHHast CUCTeMa

MNudopmanus o puHancupoBaHuU. ABTOPHI He MTOTyYany (PYHaHCOBOM IOA/I€P’KKH 3a UCCIeJOBaHUe, aBTOPCTBO
1 My0O/IMKaLIUIO 3TOM CTaThy.
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CoBpeMeHHast oL,eHKa 3NAeMHNOJIOTMN U OCJI0)XKHEHUI A3BEHHOMN
60ne3Hu XXenyaka u ABeHaALaTUNEepPCTHON KULLKK

C.H.IIepexogoB' ~, B.E. Mumokos? ~, H.O. Bapromr’ =, M.C. KpacHonepoBa? 2=

! Poccuiickuii yHUBEpCUTET MeAULUHEL, 2. Mockea, Pocculickas dedepayus
2 PoCCHICKUM HALMOHAJTBHBIM UCC/Ie0BATe/IbCKUN MeIUIIMHCKUM yHuBepcuTeT uM. H.U. TIuporosa, 2. Mockea,
Poccutickas ®edepayus
< Kram2412@yandex.ru

AnHoTanuA. AkKmyanabHocmb. BbicoKasi iepBrYHast 3a060J1eBaeMOCTh S13BeHHOM 00J1e3HbIO JIUL] TPYZ0CIOCOOHOT0 Bo3pacTa
1 YacTble pelj/IMBhI C 0CJA0KHEHHBIM TeUeHHeM COTIPOBOXKJAKTCSI BDEMEHHOM, HO JOCTaTOYHO MPOJ0/DKUTETbHON yTpaToit
TPYZ0CIOCOOHOCTH, CHI)KEHHUEM TTPOM3BOAUTENLHOCTH TPY/JA U KaueCTBa KU3HU TMalMeHTOB, a TAKXXe WHBa/IWAu3aLue
Y JIeTaJIbHOCTBIO, UTO OTIpe/iesisieT Ba)KHbIN MeJUKO-COL[Ma/IbHBIA U 9KOHOMHUECKUN CTaTyC JaHHOTo 3abosieBanus. Kpome
TOTO, CyIIleCTBEHHO BO3paCTarOLVii BK/Ia/| TePBUYHOM 3a00s1eBaeMOCTH B OOIIyI0 3a060/1eBaéMOCTb BHOCST MALMEHThI JIeTCKOTO
BO3pacTa, pacTeT 3a00/1eBaeMOCTb JIWI] TIOXKUJIOTO U CTapueckoro Bo3pacTa. B Poccuiickoit ®enepariyu B 2019 1. 3aperucTpupoBaHO
1188 551 cyuaes si3BeHHOM 60se3HH, 101680 (8,5 %) 13 KOTOPBIX YCTAHOB/IEHBI BIIEPBLIE B )KU3HH. B cTaThe Mpe/icTaB/ieHb
[IAHHbIe M0C/IeIHUX UCC/IeI0BaHMH, COT/IaCHO KOTOPBIM PaclpOCTPaHEHHOCTh SI3BeHHOMW 60sie3HH B 0011l MOMyJISILUY HaceleHust
Poccuiickoit Pesieparivivi COCTaB/IsAET B TeueHHe »Xu3Hu 5-10 %, a exkeroHas 3aboneBaemocts — 0,1-0,3 %. B Poccuiickoit
Deneparun 3aboneBaemocts b y neteit B nocneanee aecstunerue cocrapsier 1100-1500 ciyuae Ha 100 000 meTckoro
HaceneHus. Y 81-87 % feteli sioKanu3aljyisi BiepBble BbISBJIEHHOTO sI3BeHHOTO0 JiedeKTa ornpeiensieTcsl B 1yo/ileHa/IbHOM 30He,
y 11-13 % — B cTeHKe xenyaka 1 y 4—6 % feTeli oTMeuaeTcsl coueTaHUe JIOKaIM3aliiH SI3Bbl B CTEHKe JKelyAKa U 1yo[ieHabHON
30He. KonuecTBO 0C/I0)KHEHUH B BU/le KDOBOTeUeHHI PerrCTPUPYIOT C exKerofHou uactotoi ot 19 no 57 Ha 100000 uen.
(o1 0,02 1o 0,06 %). KonuuecTBo oc/Io)KHEHHUH B BU/je Tiepdopaluu cocTasrseT oT 4 1o 14 caydaeB Ha 100000 ven. (ot 0,004 o
0,014 %). CMepTHOCTb OT OCJIO’KHEHHH s13BeHHOW 00/1e3HH ¥ 3PO3UBHO-SI3BEHHBIX MOPaKEHWH JKeTy/Ka 1 BeHa LIaTUTIePCTHON
KUILIKU COCTaBsisieT 7,7 % OT BCeX CMepTeii, BbI3BaHHBIX O0sie3Heli OpraHoB MuilieBapeHust. Bbigoob!. S13BeHHast 60/1e3Hb 0CTaeTCs
B HaCTOsiIIlee BpeMsi OJHUM 13 3ab0sieBaHUI MUILeBapUTEILHOW CUCTEMBI UeioBeKa, TPeOyoLuX n3yueHNst HAaKOTIJIEeHHOTO
OTIbITA OTEUeCTBEHHOM U 3apyOe>KHOW MeIUIUHBI U JaTbHENIINX MY/IbTUIUCLIMIUIMHAPHBIX UCCIeA0BaHUMN /ISl YTy UlIeHUsT
pe3yJIbTaToB JieUeHUsl JAaHHOW KaTeropyuy MaljueHToB, a STUEMHUOIOTHS SI3BeHHOH 00/1e3HU JKemyaKa U [BeHa/LlaTUIIepCTHOM
KUILIKY MPOZ0/DKaeT BbI3bIBAaTh UHTEPEC, KaK C HAyUHOU, TaK U C MPaKTUUeCKOil TOUKHU 3peHUsl.

KiroueBble cj10Ba: si3BeHHas 60/1e3Hb, XeTy/l0K, ABeHa/IL[aTUIIePCTHAs KUILIKA, 3a00/1eBaeMOCTh, OC/IOKHEHWs, JIeTalnbHOCTh
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Modern assessment of epidemiology
and complications of gastric and duodenal peptic ulcer disease

Sergey N. Perehodov' ', Vladimir E. Milyukov? ",

Nikolai O. Bartosh’ ~, Marina S. Krasnoperova’ <

! Russian University of Medicine, Moscow, Russian Federation
2 Pirogov Russian National Research Medical University, Moscow, Russian Federation
< Kram2412@yandex.ru

Abstract. Relevance. The high primary incidence of peptic ulcer in people of working age and frequent relapses with
a complicated course are accompanied by temporary but quite long-term loss of ability to work, a decrease in labor productivity
and quality of life of patients, as well as disability and mortality, which determines the important medical, social and economic
status of this disease. In addition, a significantly increasing contribution of primary morbidity to the overall morbidity is made
by pediatric patients, and the morbidity of elderly and senile people is growing. In the Russian Federation in 2019, 1,188,551
cases of peptic ulcer disease were registered, 101,680 (8.5 %) of which were diagnosed for the first time in life. According to
recent studies, the lifetime prevalence of peptic ulcer disease in the general population of the Russian Federation is 5-10 %, and
the annual incidence is 0.1-0.3 %.In the Russian Federation, the incidence of ulcer in children in the last decade is 1100-1500
cases per 100,000 children. In 81-87 % of children, the localization of a newly detected ulcerative defect is determined in the
duodenal zone, in 11-13 % — in the stomach wall, and in 4-6 % of children, a combination of ulcer localization in the stomach
wall and duodenal zone is noted. The number of complications in the form of bleeding is recorded with an annual frequency of
19 to 57 per 100,000 people. (from 0.02 to 0.06 %). The number of complications in the form of perforation ranges from 4 to
14 cases per 100,000 people. (from 0.004 to 0.014 %). Mortality from complications of peptic ulcer and erosive and ulcerative
lesions of the stomach and duodenum is 7.7 % of all deaths caused by diseases of the digestive system. Conclusion. Peptic ulcer
disease currently remains one of the diseases of the human digestive system that requires studying the accamulated experience of
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domestic and foreign medicine and further multidisciplinary research to improve treatment results for this category of patients, and
the epidemiology of gastric and duodenal ulcers continues to be of interest, both scientifically and from a practical point of view.
Keywords: peptic ulcer disease, morbidity, complications, mortality
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BesepeHue

s13BeHHas Oosie3Hb (1B) — camoe pacripocTpaHeH-
Hoe (TI0CJIe XpOHUUECKOTO TacTpUTa U AiyofeHnuTa) 3a60-
JIeBaHKe OPraHOB OPIOIIHOM MOI0CTH, TIPeACTABIISIOLIee
XPOHUYECKOEe peliiUBUpYIOLiee 3a00/ieBaHKe C LUK/IU-
YyeCKHUM TeyeHreM, MpoTeKarolliee C uepejoBaHUEM
Mepro/I0B 000CTPEHUS] U PEMUCCHH, CK/IOHHOE K TTpOo-
rpPeCcCUpPOBaHUIO U Pa3BUTHIO OC/IO)KHEHHH, OCHOBHBIM
MIPU3HAKOM KOTOPOTO SIB/IsieTCs1 0Opa3oBaHue edekTa
(s13BbI) C YETKMMU IPAaHULIAMU B CTEHKE >KeTy/Ka Uin
JBeHaZLaTurepCcTHOU Kuiliky [1]. [TaToreHes si3BeHHOM
6one3nu xenyaka (S162K) v qBeHaAI[aTUITIEPCTHOM KHIII-
ku (SIBZITK) oOyc/ioB/ieH HapyliieHreM balaHca MEeXIy
(hakTopaMu arpeccuu (CosisiHasi KUCI0Ta v (hepMeHTHI)
Y MeXaHU3MaMH 3alUThl (0OHOB/IEHUE TTUTETHS, Bbl-
pabOTKa C/TU3H M [Ip.) CJIU3UCTON 000I0UKH JKeTyaKa
Y IBEeHa/[L[aTUTIePCTHOM KUILIKH [2].

Hecmotpst Ha ayMTenbHbIN IepUOJ, U3yYeHus aTore-
He3a JJaHHOU HO30JI0THH, He CYLL[eCTBYeT U B HaCTosIIIiee
BpeMsi eJUHOU OOIIIeTIPHUHSATON TeOPUY BO3HUKHOBEHHSI
AB. IlpenyiokeHHbIe B pa3HOe BpeMsl TEOPUH MaTore-
He3a fb: cocyaucras (Virchow R.,1852), nmentruyeckas
(Bernard K., 1856; Quinke H., 1882), mexanuueckas
(Aschoff L., 1912), BocmanurensHas (Konjetzny G.,
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1923), ncuxocomaruueckas (Alexander F., 1934), Heii-
popednekropHasi (Rossle R., 1913), Helipo-rymoparnbHasi
(Bojanowicz K., 1963), kopTuko-BucLepasbHas (bbi-
koB K.M., Kypuun W.T., 1949), HapyiiieHusi CIM3UCTO-
oukapboHarHoro 6apbepa (Hollander F., 1954), uMmyH-
Hast (['punbepr O.41., 1966) 1 ApyrHe yUUTHIBAIOT JIUILIb
OT/le/IbHble MeXaHU3MbI ee BO3HUKHOBeHUs [3].

s13BeHHasi 60sie3Hb XapaKTepUu3yeTcsi pa3BUTHEM
TaKUX TSDKeJIbIX 1eCTPYKTUBHBIX OC/IOKHEHUH, sB-
JISIFOIMXCSI OCHOBHOW MPUYMHOM JI€TaJbHOCTH NIPU
3ToM 3abosieBaHUH, KaK KPOBOTeueHHe U repdopa-
LIYisi, KOTOpbIe TPeOyIOT XUPyPruuecKoro JeueHus .
Y 10-40 % 60/bHBIX I3BeHHOM 00/1e3HBI0 Pa3BUBAETCS
MMI0PO/IyO/ieHaIbHbIN CTEeHO3, KOTOPbIH Tpe/ICTaB/IseT
co6oii pyb1i0BOE Cy)KeHre HaualbHOTO OTZesa /iBe-
Ha/ILIATUIIEePCTHOM KUILLKW WK MTWIOPUYECKOro OTena
)KemyziKa, YTO HapyllaeT 3BaKyallio )KeayJ04HOoro
COJIeP>KUMOT0 U CJTY’KUT abCOJTIOTHBIM TTOKa3aHUeM
K XUpypruueckomy ieueHuto. Kpome toro, 3abosne-
BaeMOCThb f1b conmpoBOKaeTcss CHUKeHWeM KayeCTBa
KU3HH TAlieHTOB, BpEMEHHOH yTpaToii TpyZocrnocob-
HOCTH, CH)KEHUEM MPOU3BOAUTE/ILHOCTU TPYZa, UYTO
orpeziensieT MeUKO-COLIMaIbHbINA U SKOHOMUUEe CKU
CTaTyc AaHHoro 3abosneBanus [4-9].

OPTAHVBALIMA 3APABOOXPAHEHMA M OBLLECTBEHHOE SAOPOBBLE
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B cBsi3u C pacripocTpaHeHHOCTbIO 3ab0/eBaHus,
TPYZAHOCTSIMU CBOEBPEMEHHOM JMarHOCTUKHU, TSPKECTBEO
BO3MOYKHBIX OCJIO)KHEHUM, C/I0)KHOCTSMU NPO(U/IaKTH-
kU Y yteyenus AbXK u [IIIK ciiepyer paccMaTpyBaTh Kak
OfIHY 13 Harboree aKTya IbHBIX MPO6IeM COBpeMeHHOM
raCTPOIHTEPOJIOTUU.

3abonesaemocTb 60ne3HAMU
opraHoe nuileBapeHus,
AI3BEHHOM 60N1e3HbIO XKenyakKa
W ABEeHa[UaTUNepCTHOM KULLKK

S13BeHHast 6071e3Hb XKely/iKa U JBeHa laTUIep-
CTHOU KMIIIKU —3aboieBaHue OpraHoB OPIOLITHOM
MO0JIOCTH, OTMeYaeMOe BO BCeX CTpaHax U Ha BCeX
KOHTHHeHTax B mupe [10]. 3a6oneBaemocts ABK
u ABIIK peructpypyertcs B CTpaHax, pa3/IuyHbIX 110
YPOBHIO COLIMATBLHOTO U 3KOHOMHUYECKOTO pPa3BUTHUSI.
Tak, B CIIIA ot 7 g0 10 % HaceneHus B TeueHHe XKH13-
Hu 6onetoT B (exxerogHo peructpupyrorcs ot 350 000
10 450 000 HOBbIX cityyaeB 3abosneBaHust), B Benu-
koOpuTanuu — 15 % Hacenenust, B inorun —11 %,
B MHauu — 25 %, B cTpaHax 3anagHoii EBpornbl
1o 8,2 % HacesieHus1 O0/ieeT A3BeHHOM 00/Ie3HBIO.
Kax b1 mecsiTeivl skuTesb ['epMaHum 3ab0eBaeT
s3BeHHOM 00sie3HBI0. Ellfe 60siblie pacripoCTpaHeHO
5T0 3abosieBanue B [IBeruu, rje oHa perUCTPUPYeT-
cay 10,2 % B3pocoro HacesneHud. bosiblioe uncio
6onbHBIX S1B HabmromaeTcs u B ctpadax CHI™ (5-6 %
B3pocsioro HaceneHust) [11]. YactoTa 3abosieBaeMoCTH
0 CTpaHaM Ipe/ioCTaB/eHa B Tabuile.

Ta6nuya
YacTtoTa 3aboneeaemoctu b no crpaHam
no gaHHbIM 2015-2021 roga

CTpaHa YacTtoTa 3a6oneBaeMocTu (%)

Nhansa 25
BenvkobpuTaHus 15

AnoHus 11

LLiBeuns 10,2

[epmaHus 10

CWA 7-10
Poccuitckan degepauns 71-7,7

CHI 5-6

HEALTH POLICY AND PUBLIC HEALTH

Peptic ulcer incidence rate by country according to 201 5—20;?1ible
Country Incidence rate (%)

India 25

United Kingdom 15

Japan 11

Sweden 10,2

Germany 10

USA 7-10

Russian Federation 7.1-7.7

CIS countries 5-6

CooTHoL11IeHre MY)KUHH U KeHIIMH 110 3abosieBae-
Moctu b cocrasnset 9:1 B CIIIA, 2:1 B Epone u 6:1
B Kutae [12-14].

B crpanax Adpuku 10 HefaBHero BpeMeHu 3abo-
JIeBaeMOCTb SI3BEHHOU 00/1e3HBIO JKemyJKa U JBeHa/ -
L[aTUIIepPCTHOM KUILIKY perrnCTpUpoBanach 0CTaTOYHO
penko. OfHAKO B CBSI3M C POCTOM JIOCTYITHOCTH TMOKOM
3H/J0CKOITUU BePXHUX OT/e/I0B XKeJTy[04HO-KHIIIeYHOr O
TpaKTa CTaji0 OUeBU/HBIM, UTO siI3BeHHasi 00/ie3Hb
IIIMPOKO pacrpocTpaHeHa U Ha a)pUKaHCKOM KOHTH-
HEeHTe, T7ie, 0 JaHHBIM COBPeMEHHON MeTUITMHCKOU
CTaTUCTHKH, OKOJIO 8,3 % HaceseHUs: B TEYeHUU JKU3HU
6onerot 5B [15].

B cTpykType obi1ieii 3a601eBaeMOCTH HaceIeHHUsT
B Poccutickoit ®epeparun (PP) 6ose3Hr opraHoB mu-
meBapenusi (BOIT) 3aHuMaroT 5-6-e MecTo B 00111eti To-
MyJIsAun, coctasssist oT 7,1 1o 7,7 % [5, 6]. Tlo otleHKam
JaHHbIX LleHTpa MeAUIIMHCKOM CTaTUCTUKH, B 2019 T
nosst BOIT B cTpykType 0011ieii 3a00/1eBaeéMOCTH MpH
aHa/v3e 110 BO3pacTHBIM KaTeropusiM OCTaBaslach
CTabUIbHOM Ha MPOTSDKeHUH MSTU JIeT U COCTaBJIsIa
y meteit 0—14 net 3,6 %, y noapocTtkoB 15-17 seT —
4,7 %, y B3poC/bIX, 18 y1eT u cTaplue, mpe/iCTaB/IsSOILNX
TpygocrnocobHoe HaceneHue — 6,8 %, U y cTapiero
HaceneHuss — 8,0 %. IIpu stom B 2019 1. BKJIaZ mep-
BUUHOM 3a00/1€BaeMOCTH B OOILL[YIO COCTAaBUI Y JleTel
0-14 net 60,7 %, y nogpocTtkoB 15—17 net— 43,8 %,
Y B3pOUIBIX Y cTapluero nokosennd — 12,9 % u 7,9 %
COOTBETCTBEHHO [7].

Pacnipoctpanennocts BOII B P® B mmocnenHee
JleCATUIeTHE OCTAeTCsl BEICOKOU 0Oe3 CyllleCTBeHHOM
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nvHamuku. 1o nanHeiM Poccrara, B PO 3apeructpupo-
BaHO 4841 ciyuaes Ha 100 000 Hacenenus B 2010 roay,
4986 B 2017 rony, 4921 B 2021 roay [8, 9].

B P® B 2019 1. 3apeructpupoBaso 1188 551 cny-
yaeB b, 101680 (8,5 %) U3 KOTOPBIX YCTAaHOB/IEHBI
BIepBble B Ku3HHU [ 16]. [To faHHBIM OCIEeAHMX UCCTIe-
JIOBaHHH, pacripoCcTpaHeHHOCTh S1B B 061l momyssiym
HacejeHus1 P® cocrapmsgeT B TeueHne »ku3Hu 5—10 %,
a exxerogHasi 3abonesaemocth — 0,1-0,3 % [11, 17].

3aboneBaeMOCTb A3BEHHOM
60ne3HblO XXenyaka
U ABEeHa[LaTUNEPCTHOM KULLIKM Y B3POC/bIX

B crpykrype BOII y B3pocnoro Hacenenus b sBrns-
€TCs1 LLIMPOKO PAaCrpOCTPaHEHHOM U COCTaB/IsIeT OT 7 [0
12 % [2, 18]. Ab c nokammu3atett B JITK BcTpeuaeTcst
B 4 pa3a yaille, 4eM si3BeHHasi 00/ie3Hb C JIOKa/I3arpeit
B xenygke. ABIITK BcTpeuaeTcs yailje y My>KUvH, 4eM
y >keH1lMH. B cBoro ouepenp, AbXK ormeuaercs ¢ ogu-
HaKOBOM YaCTOTOM Cpeay MY»KUMH U1 >KeHILuH [19, 20].
3abomeBaeMocTb 1B y My)KUMH U Y >KEHIIMH KOPpeTHpyeT
¢ Bo3pactom. Tak, Hanpumep, no JaHHbIM BoporuHoit JLIT.
(2008 1), cpesu /T TPYAOCIOCOOHOTO BO3pacTa My>KUMHbI
Gonetot 1B B 2,7 pa3 uatiie >keHIpH. OJHAKO B TOKU/IOM
BO3pacTe Yallle CTPaZIaroT >KeHIIUHEI [21, 22]. Y My>»kurH
ocrnoxkHeHHbIe (hopmbl SIBXK BcTpeuatoTcs B 2 pasa yaiiie
yeM y >keH1WH, a ABATTK — B 4 pa3a [23-25].

N3BecTHO, uTo TI0Cs1e 40 /1eT y JKeHILH MPOUCXOJUT
CHIKEHHe 3CTPOTeHOB, KOTOPbIE, 10 MHEHHIO HEKOTOPBIX
aBTOPOB, 00/1a/IAl0T AHTHY/TLLIEPOreHHBIM JlefCTBYEM [23].

Bricokas yacTtora BcTpeyaeMocTy Ab y MyXunH
B Bo3pacrte 710 20 sieT ¥ 3aMeTHOe CHKeHue K 40 rogam
TIpY TNlapasijieJlbHOM HapaCTaHWU B 3TOM K€ BO3PaCTHOM
Tiepro/ie YPOBHsI 3a00/1eBaEMOCTH Y >KeHILWH, YOeuTenbHO
yKa3bIBaeT Ha y4yacTye B MaToreHe3e JaHHOTO 3a00/eBaHMs
TOPMOHAJTLHOTO 3BeHa PerpoAyKTHBHOM crcTeMsl [19,24-26].

3aboneBaeMoCTb A3BEHHOM
60Ne3HblO XXenyaka
M BEHAALATUNEPCTHOW KULLKW Y fieTen
3meHeHUe COI_II/IaJILHOﬁ Y1 SKOHOMUYE CKOU CTPpYK-
TYPbI COBPEMEHHOTO 0011]eCTBa, KOTOPOe TIPOSIBISIeTCSI
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CTpeMuTeNIbHOM ypOaHH3aleld, HapacTaHHeM TeMIia
JKU3HU, YXy/ILIeHeM KaueCTBa MUTaH!sl U HeraTUBHbIM
CTPeCCOPHBIM B/IMSIHHEM OKpY’Karolllel cpefibl, OKa3bl-
BaeT OTpULIaTeIbHOE BAMSHNE Ha COCTOSIHHE 3[J0POBbSI
He TOJIbKO B3pOCJIOTr0, HO U JIeTCKOro HaceeHus [27].
3abosieBaHys OPraHOB MHUILIEBapeHus Y ieTell 3aHUMaroT
BeJlylljee MeCTO B CTPYKType COMaTrruyeCKoM NaToI0ruu
JIeTCKOTO BOo3pacTa. AHanu3 3ab0eBaeMOCTH JeTel
¥ TIOZIPOCTKOB 60/1e3HSIMU OPraHOB MUII[eBAPeHKS I0Ka-
3bIBaeT, uto yactota bOII 3a nmocieqHue rofpl BO3pOCa
¢ 8000 o 12000 Ha 100000 geTckoro HaceneHus [28].

B P® 3aboneBaemocts Ab y meteii B mocienHee
necarunetye cocrasisteT 1100-1500 ciyuaes Ha 100000
netckoro HacesieHus [29]. Y 81-87 % pereti yiokanmn3a-
L|Usl BIIepBble BbISIBIEHHOTO SI3BEHHOT'0 JiedeKTa omnpe-
JleJisieTcs B Iyo/ieHa/ibHOM 30He, ¥ 11-13 % — B cTeHKe
Xenynka Uy 4—6 % JeTel oTMeuaeTCsl cCoueTaHue Jio-
Ka/IM3aLUU SI3BbI B CTEHKE JKeJTyKa U 1yofeHa/IbHON
30He [30]. Takum 06pa3oMm, COIIaCHO COBPEMEHHBIM
CTaTUCTUYECKUM JIaHHBIM, 3ab0/1eBaeMocTh ABXK pe-
ructpupyetcs B 8 pa3s pexe, uem ABTTK [29].

JI.A. JTazapeBa (2017), mpoBe/s1 aHa/n3 3aboiie-
BaeMOCTH JleTell U MOJPOCTKOB 60/ie3HIMU OPraHOB
nvieBapenus, BoisiBuia S1b y 7-12 % pnetelt, a usyuas
CTPYKTYpY 3a00/ieBaHUii BePXHUX OT/[JIOB IMHII[eBapH-
TeJIbHOTO TPaKTa [IETCKOr0 HaceJIeH!s1, yCTaHOBHUIIA, UTO
B LIIKOJILHOM Bo3pacTe f1b BcTpeuasnack B 7 pas vaille, uem
y [AOLIKOJIbHUKOB, U y JieTeil, MPOXKUBAIOLLUX B FOPOJeE,
B 2 pasa uaille, YeM Y JieTel cesibCKoi MeCcTHOCTH [28].
[laHHast CTaTUCTHKA OOBbSICHSETCS aBTOPOM U APYTUMH
MCC/Ie/[0BaTe/IsIMUA HeraTUBHBIM B/IMSTHHEM ypOaHU3aLyy
1 0Opa3oBaTesIbHOTO TpoLiecca (HapylleHre pesKuMma
Y XapakTepa [TUTaHWsl, aKTUBHbIN U HaIIPsDKeHHbI PUTM
JKW3HH, BbICOKasi yueOHasi Harpy3Ka, MOBBIIIeHHBIN YPO-
BeHb CTpecca) Ha 37lopoBbe JeTeit [31]. Mansuvku u Jie-
BOUKH /IOIIKO/ILHOTO Bo3pacTa Oosetot b ¢ oarHakoBoi
YacTOTOW. YpoBeHb 3ab0sieBaeMocT SIB TipeBbIlIaeT
y MaJIBYMKOB yPOBeHb 3a00/1eBaeMOCTH JIeBOUeK B 3 pasa
K 12-14 rogam u B 5 pas K 18-20 rogam. Ocyio)KHeHHbIe
¢opmel AB y feteit peructpupyrot B 8-9 % ciyuaes,
a B CTPYKType OCJIOKHEHUH JOMUHUPYIOT »KeTy[0uHO-
KUIIIeYHble KPOBOTeUeHUs1, cocTaB/sast moutu 80 %,
cTeHo3 rpuBpaTHuKa — 11 %, nepdopaius — 8 %
u nieHetparus 1,5 % [27].

OPTAHVBALIMA 3APABOOXPAHEHMA M OBLLECTBEHHOE SAOPOBBLE
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SNUAEeMHUOIOTHUS SI3BeHHOU 00J1e3HM XKemyaKa
Y BEHA/LIaTUNEPCTHOW KUILIKHU y JIUL] TT0XKUJIOTO
Y CTapueckoro Bo3pacrta

Bosibliiol psii ucciejoBaHMiA TIOCBSIIEH U3yye-
HUIO 3TIUeMUOJIOTMH U 0COOEHHOCTeH KIIMHUUEeCKOTO
TeueHus S13BeHHOU 00J1e3HM Kemy/[Ka 1 IBeHa/[IlaTurep-
CTHOM KHUIIKW y NAl[UeHTOB MOXXWJIOT0 U CTapyeCcKoro
Bo3pacra [21,32-35].

[To Bo3pacTHoI nepuoar3aumy BO3, K noxunomy
BO3DacTy OTHOCAT HacesieHHe 60—67 JieT, K CTapueckoMy
Bo3pacty — 75-90 nert [6].

Y v gaHHOM BO3pacTHOM KaTeropuy pas/inyaroT
Tpu BapuanTa pa3sutus AbXK u AIIK. Tak, K nep-
BOMY BapHaHTy 3a00/ieBaHUsI OTHOCHUTCS JIJTUTE/IbHO
TIpoTeKaroljasi si3BeHHasi 60/1e3Hb («CTapas si3Ba»),
BO3HMKILAsA elje B MOJIOZOM WUJIXA 3pesiOM BO3pacTe,
KOTOpasi uepeiyeTcsi IepuoJjaMu peMUCCUHU U 000-
ctpenus [32]. Bo Bropom ciyuae ABX u [ITK Bo3-
HUKAaeT BIiepBbIe Y TTOXKUJIbIX Mal[MeHTOB Ha (oHe
Pa3BUBAIOILMXCS BO3PACTHBIX MOP(HO(YHKI[MOHATBHBIX
M3MeHeHHH — «T103/HsIs s13Ba». K TakuM M3MeHeHUsIM
OTHOCSITCSI: CHI)KeHHe 00111ero U MeCTHOTO UMMYHH-
TeTa, 0c/1ab/ieHre IPOTEKTUBHBIX CBONCTB CIM3UCTOMN
000/710uKH, TIaTOJIOTUUECKHEe U3MEeHeHHs B COCYAax
CTeHKHU >KeJlyAKa U IBeHaA[aTUIepCTHOM KUIIKH,
B pe3y/bTare KOTOPbIX BO3HUKAIOT YUaCTKU UIIEMUH,
a 3aTeM BO3HUKaeT AUCTpodus U aTpodust CIU3UCTOM
0060/10uKH C pa3BuUTHEM Je(eKTOB B CTEHKe OpraHa
B BU/Ie 3po3uii uu s13B. K TpeThemy BapuaHTy 3a00-
JieBaHust oTHocutcs 1B, Bo3HMKITIasi Ha oHe TIpremMa
JIeKapCTBEeHHBIX MperapaToB UM CONYTCTBYHOLLINX
3abosieBanumii [33]. SIb yacTo coueraeTcs ¢ UIIeMHU-
yeckou 6ome3Hbto cepaua (62,7 %), apTepranbHON
rurniepreHsueit (55 %), ocreoaptpo3om (16,6 %),
3aboneBanusiMu neueHu (18 %) u >KeTYHOTO Ty 3bI-
ps (24,4 %), ractpo33odareanbHol pedIrOKCHOM
6one3nbio B 30 % [34]. [InuTenbHO MpoTeKaroIast
Ab («crapas s3Ba») BcTpeuaetcs y 40 % nalyeHTOB
noxxusoro v 33 % crapueckoro Bo3pacra. «l1o3aHss
s13Ba» HabsmomaeTcst y 60 % 6GOJIBHBIX MMOXKHUJIOTO
1 67 % crapueckoro Bo3pacTa [33]. Ucxogs u3 aToro
JOJDKHBI OTMeUaThCs CyLleCTBEHHbIE Pa3/nyus MpU
OTipe/ie/IeHUH YPOBHS 3a00/1eBa€MOCTH B 3aBUCUMOCTH
oT BapuanTa pa3sutus ABXK u [ITT1K [33], omHako
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JaHHast “HGopMaLus KpaliHe CKYAHO Ipe/cTaB/ieHa
B HAyYHOM MeJIUI[MHCKOMN JIUTepaType.

B noxusiom Bo3pacTe si3BeHHbIH /le(heKT B CTeHKe
JKeJTyZiKa BO3HHKaeT B 1,7 pa3 ualle, a B CTapueCKOM
BO3pacTe B 3 pasa uallle, 4YeM B ABeHaALIaTUIIePCTHOU
kuiike [21].

B noxxunom u ctapueckom Bo3pacTe AJAUTEeNBHO
rporekatolrias fb B BapuaHTe «crapas f3Ba» OTIMya-
eTCs1 OT TaKOBOM Y JIML] MOJIOZIOTO M CPeIHero Bo3pacTa
YaCThIM COYETAaHHBIM MOPa)KeHWEM CTEeHKH JKeJlyJKa
Y IBEHa/IL[ATUITEPCTHOM KUIIIKH, Me/IJIeHHbIM pyOrieBa-
HHUEM S13BeHHOTO JledeKTa, 6osiee TpO0/DKATETLHBIMHU
petiavBamu [35]. T1pu BapraHTe «T103HSS si3Ba» AeeKT
CJTM3UCTOM 000JIOUKH yKeTyaKa U IBeHaZLIaTUIIePCTHOU
KUKy B 30 % cityuaeB UMeeT OOJIbIIINE WA TUTAHTCKUe
pasmepsl. [Ipu stom K u 11K ruraHTckux pa3smepos,
JIaMeTp KOTOPBIX MOXeT ObITh OT 2 10 9 cMm, y 10-15 %
TMALeHTOB PACIIo/iarakoTCsi Ha Masioil KpUBH3HE JKemyZiKa
v 3aHei credke JATTK. doss aymmreibHO HepyOIyto-
LUXCS SI3B B YCJIOBUSIX MPOBEI€HUST KOHCEPBATHBHOMN
Tepariiu 1pu JjaHHo# opMe cocTasrsieT 25 %. Jlokamm-
3a1[us S3BeHHOTO AiedheKkTa HabTFOAeTCs C OTMHAKOBOM
YacTOTOM B KeyAKe U IBeHaLIaTUIIEPCTHON KULLIKe TPU
BapUaHTe sI3BeHHOM 00JIe3HU «T103/HSIS S13Ba», @ COUETaH-
Hasl JIOKa/IM3alyisi Y B >KeJy/IKe, U B IBeHa/LIaTUTIepCTHOU
KuIiike Habmozmaetcs B 11,5 % cnyyaes, T.e. B 2,4 pa3a
yaije, YeM B MOJIOZIOM Bo3pacTe [34].

CrnemoBarenbHO, si3BeHHAasi 00/1e3Hb B TIOXKUJIOM
Y CTap4yeCcKOM BO3pacTe MpoTeKaeT Ooiee TSHKeso, UTo
TIPOSIB/ISIETCST OOMBILIMMU Pa3MepaMH SI3BeHHOTO JieeKTa,
COYETAHHOM JIOKa/3aLel e)eKToB, MeZljIeHHbIM pyOLie-
BaHWEM U MPOI0/DKUTE/TbHBIMYU PeLMIMBaMU C Pa3BUTHEM
ocnoykHeHu# [35]. B pa3Butyu 3a00/1€BaHUS U OCJIOXK-
HEHHOM TeYeHUU raCcTPOAYO/JeHa/TbHbIX 3B Y JIIO[ei
TIO’KWJIOTO M CTapueCcKoro Bo3pacTa, OMUMO UH(EKLIUH,
MOTYT UrpaTh 3HAYUMYIO PO/Ib aTePOCKIEPOTHYECKIE
W3MeHEeHUs COCY/I0B JKe/y/jKa, COIyTCTBYFOIIMe 3a60-
JieBaHUsl, TaKKe, KaK caXapHbIi uabeT, aprepyuanbHast
TUTIepPTeH3MsI, XDOHUUECKUe Hecrerupuueckye 3abore-
BaHUsI JIETKUX U JIP., CHIDKAIOLL[Me 3alUTHbIe CBOMCTBA
CJTU3UCTOM 000JIOUKH YKeTyaKa, TIPHUeM JiIeKapCTBEHHbBIX
TipernaparoB (B MepBy0 Ouepe]b HeCTEPOUJHBIX IPOTH-
BOBOCIa/IMTe/bHBIX TiperniapatoB (HITBIT)), obnagarormx
y/IbIIepOreHHbIM JleticTBreM [11].
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OcC/0o)KHeHUSIMU SI3BeHHOUW 0O0JIe3HU y JIUI]
TOKUJ/IOTO U CTapueCcKOro Bo3pacTa SBJISIOTCS: KPO-
BoTeueHue — 16,8 %, manurausanus (14,2 %),
nunopocteHo3 — 7,8 %, nepdopaius — 5 % [25].
ITocneornepaljioHHbIE 0C/I0KHEHUS BO3HUKAIOT B 30 %
ciyuaes [36]. ITo pesyneratam uccnefoBanusi ApreMo-
Ba FO.B. 13 426 60/1bHBIX, OTIEPUPOBAHHBIX B TJIAHOBOM
nopsizike y 5 60/bHBIX (1,2 %) Toc/ie pe3eKIuy Kemyaka
110 brunbpot — I BO3HUKIIO OC/I0KHEHVE B BUJe HECO-
croaTebHOCTU KynbTH [II1K € pa3sBuTHeM TOTaJIbLHOIO
MepUTOHUTA, y 1 maiueHTa (MeHee 1 %) nocie cenek-
TUBHOM MPOKCUMAaJ/IbHOUW BaroTOMHH C /1yo/leHor1a-
CTHKOM — HEKpPO3 CTEHKH JKeJyKa B 06/1aCTH MaJlon
KPUBU3HBI C eé niepdopariyieli ¥ pa3BUTHEM MIEPUTOHUTA,
y 5 mauueHToB (1,2 %) Bo3HUK/Ia paHHSIs CllaeyHast
TOHKOKMIIIeYHAasi HEMPOXoAUMOCTh. [1lo MHeHUto aB-
TOpA, UCKJIFOUNTh BEPOSITHOCThb Pa3BUTHS MOC/Ieore-
PaI[MOHHBIX OCTIOXKHEHWM HEBO3MOYKHO, HECMOTPSI Ha
W3BeCTHbIe MIPUUYUHBI UX BO3HUKHOBeHUs [58].

Anupgemunonorus peunaneos
M OCJIOXXHEeHUN A3BeHHOUN 60N1e3Hu

B HeocioxxHeHHBIX cydasx b rporekaet ¢ uepe-
JI0BaHKeM IeproZi0B PeMUCCUHU (OT HeCKOJIBKUX HefleNb
[I0 MHOTHX JieT) 1 o0ocTperus (0T 3—4 0 6-8 Hefenn).
B pe3ynbrare BnusiHUS HeOaronpusTHBIX (aKTOPOB
BO3MO)KHO Pa3BUTHE OCTIOKHEHUN si3BeHHOU bostes-
HU [25]. HebGnaronpusiTHBIMU (haKTOPaMH SIBJISIFOTCST:
HEeCBOEBPEeMEHHOE JIedeHre MU er0 OTCYTCTBHE, COIyT-
cTByIOIIMe 3a00/1eBaHusl, KypeHue, 3/10ynoTpebieHre
aJKoroJsieM, CTpecc, (pu3ndeckoe rnepeHarnpskeHue,
TIpYeM IpernapaTroB, CHUKAIOLIUX CBepPThIBaHKe KPOBU
v/ HITBIL. ITpuem HIIBII noBeIaeT pyuck pa3Butust
5PO3UBHO-S3BEHHBIX [T0PaKeHUH 3,0POBOU CJIU3UCTON
o6os0uku B 3—5 pas, a pUCK KpoBOTeueHui u riep¢o-
paiuii B 8 pa3 nipu Hanuuuu y niaienTa S1b [37, 38].

ITo marHBIM PoccTara, peryauB si3BeHHOM O0/1e3HN
PerucTpupyroT B niepBble 4—6 MecsLeB 0c/Ie IIpoBe-
JeHHoi Tepanuu [9,16]. [To pe3yabraTaM NSTUIETHETO
JMHaMHUueCcKoro HabJroieHusT aljieHTOB C s3BeHHOM
O0sie3HBIO JKeyIKa U JBeHaALIaTUTIePCTHOM KUILIKH,
BbINnosiHeHHOTO JI.B. BoneBau u coarrt. (2017) B am0Oy-
JIATOPHBIX YCJIOBUSX, V naneHToB ¢ SbXK u AB/IIIK,
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KOTOPBIM TIPOBO/IW/IaCh aHTUXE/TUKOOAKTEPHAs Tepartust
OTMeUeHa 3MUTeNN3alys 3Bkl uepe3 Mecsl y 97,8 %,
a vacrora peuuausoB ABXK cocrasuna 17 % u peruau-
BoB AB/IITK — 50 %. ¥ marjueHTOB, KOTOPIM He POBO-
[IW/1aCh aHTUXeTMKOOAKTepHas Teparivs, SMUTeTN3aLis
s13BbI HabOmoanack y 94 % Hab/moaeMbIX Mal[UEHTOB Ha
30—40 feHsb, a yacToTa peLuAMBOB y naueHToB AbX
cocraBuia 40 % u y narmenToB ¢ ABITTK — 31 % [39].
[aHHble, Mo/iyyeHHbIE B pe3y/bTaTe MPOBeJeHHOro
WCCeJOBaHMs, YKa3bIBalOT Ha HEZIOCTOBEPHOCTD 3¢~
(heKTUBHOCTH aHTUXeTMKOOAKTepHOW Teparuu.

OcnoxHenusamu Sb ABAAIOTCA KPOBOTEUEHUE,
niepdopatiyis, ieHeTpaLys, epuAyoAeHUT, TaCTPOAY-
OJleHaJIbHbIN cTeHO03 U ManurHusauus [40]. T1pu sTom,
KPOBOTeUEeHHe SIB/ISIeTCsI Haubosiee YaCThIM OC/IOXKHe-
nuem ABXK u [ITIK [41, 42]. KomuecTBO 0C/IOKHEHUH
B BU/le KDOBOTEUEHUUN PETUCTPUPYIOT C €XXeroJHOu
yactoTo#t ot 19 g0 57 Ha 100000 gen. (ot 0,02 mo
0,06 %) [43]. dyopeHanbHbIe KDOBOTEUEHUs pa3BUBa-
10TCS B 3 pa3a yvallle )Ke/TylouHbIX [57]. Yrpoxaromymu
(hakTOpamMu BO3HMKHOBEHHSI KDOBOTEUEeHUsI C/Ty»KaT
YBeTMUMBAIOLLUIACS B pa3Mepax si3BeHHbIH feeKT (pas-
MephI SI3BeHHOTO AiedekTa Oosee 1 cM), TOKaM3ariyst
SI3BeHHOTO fiedpekTa (Harbosiee OracHBIMU TIPU3HAHBI
SI3BbI Ha 3a/iHel cTeHKe yKoBULbI ATTK, rae npoxogsaT
KPYIHBIE BETBU >KeMy[OUHO-/IBeHAAL|aTUIIepCTHOM
apTepuu), OTCYTCTBHe UM HeCBOEBDeMeHHas Tepa-
TYisi, TIpHEeM alleTUICA/IUIUIOBOM KucioTel 1 HITBII,
uHbekuus HP [42].

[Mepdoparus pescTassisieT cob0ii BTOpOe TI0 Ya-
crore ocsioxkHeHue b [37]. KonruecTBo 0C/I0KHEeHUH
B BUJle nepdopanuu cocrasiser oT 4 0 14 ciyyaeB
Ha 100000 yen. (ot 0,004 go 0,014 %). [Ipu 3TOM,
T0 JI0Ka/Ir3aluu nepgopanuu s3Bbl, oHa B 7075 %
HaOsonaercs B [I1K, a nmepdopariys s3BbI >KenyaKa
Ob11a 3apervcrprpoBana B 25-30 %. [25].

B MenWLIMHCKOM MTepaType pas3/nuJatoT U OTUChI-
BaloT TpU BuZa nepgoparuu. OTKpbITas nepoparus
B OPIOLIMHHYO MOJIOCTh COCTaB/sieT A0 87 % Bcex
Habmonenuid. [TpukpeiTas nepdoparys, korga nepgo-
PaTHBHOE OTBEPCTHE MPUKPLITO OOJBIIIUM CaTbHUKOM,
Jloniel reueHy, OpbDKeeUHBIMU OTZIe/TaMUA TOHKOU KUITIKA
WU TIOTIepeYHOl 000/10UHOM KUIIIKOH Hab/ro1aeTcst
B 5-9 % oT Bcex ciiyyaeB nepgoparuii, U aTUUYHas
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nepgopaiusi — B MaJblii calbHUK B 30HY pars nuda
WY B 3a0pIOIIMHAYIO K/IeTYaTKy BCTpedyaeTcs B 3—5 %
Habmopenuii. K pa3sutuio nepdoparmu npeapacmosna-
raroT YBe/MUMBAIOLUICS B pa3Mepax JedeKT CTeHKU
xenynka unn JITK, dusnueckoe nepeHarnpsikeHue,
TIpUEM aJIKorosis, epeefianue [42].

MHorve KIMHUIIMCTBI CO00IIal0T 06 yBenn-
UYeHWH B NOCJeHNe rofibl KOJInYeCTBa NaljueHTOB
C coueTaHWeM HeCKOJIbKUX BU0B oc/iokHeHU IBK
u ATIK [44-48].

[TeHeTpaLusg — OC/I0KHeHUe, B pe3yJibTaTe
KOTOPOTrO sI13BeHHbIN JedeKT pa3pylliaeT BCe CI0U
cteHKU Xenyzaka uin AIIK u npoHuKaeT B cocef-
HUW OpraH, TKaHb KOTOPOTO CTAaHOBUTCS JJHOM SI3Bbl
[42]. B pe3ynbTaTe nporpeccupytolijeii fecTpyKLun
ctenku xenygaka uinu JIIK o6pa3ytorcs crnaiiku,
KOTOpbIe (PUKCUPYIOT AHO 513BbI K IIpUjIerarllemMmy
oprany [49]. TTeneTpupytoiue 513861 B 90 % cnyuaes
JIOKa/IM3YIOTCS B [TUJIOPOAHTPA/IbHOM OT/iesle Ha 3a/jHel
CTEeHKe JKeJ/ly[iKa, 110 MaJiol KPUBH3HE KenyKa Uiu
HauasbHOM oTAese ATIK [50]. ITo manHbiM [1.M. Ko-
CceHKO 1 coaBT. (2019), racTpoayoseHanbHas si3Ba
TeHeTpUpPyeT B IOJIOBKY IO/KeNy0UHOH JKesle3bl
B 80,5 %, B TO/MIIly IeUeHOYHO-/IBEHA/1]aTUTIePCTHOMN
cBs3ku — 9,3 %, B meueHb — 8,3 %, B KOpeHb OpbI-
>KeMKH TOJICTOM KUIIKU — 1,9 % HabmroneHuii [46].
[laHHBIe 0 4aCcTOTe BCTpPeyaeMOCTH MeHeTpaLyy Ipy
Ab c nokanusauueit B JI1K pa3nuunel. Tak, 1o gaH-
HBIM OJJHUX UCCJIefjoBaTesiel, eHeTpaLs BCTpeyaeTCst
y 14-26 % 6onbHbIX ¢ ocnokHeHHOM Sb [50, 51], a mo
pe3yabTaram Apyrux—y 35-50 % mauueHToB [46].
[aHHble 0 yactore reHerpauu rpu Ab ¢ jiokanv3anu-
el B JKeJTyJjKe B COBPeMeHHBIX UCTOYHUKAX JIUTepaTypbl
He Mpe/CTaB/eHbl.

Ocio)XKHeHUs1 U UX COYeTaHUs B BU/Je NeHeTpa-
LMY B COCeIHME OpPraHbl, [yoJeHaJTbHOr0 CTEHO03a,
KpoBoTeueHuUs, nepdoparuu Bcrpeuarotcs y 30-71 %
6ombubIx ¢ AB/TIK [33,47]. CoueTaHue ayofeHOCTe-
HO3a C TieHeTparyei si3Bbl Hab/IojaeTcst C YaCTOTOM OT
16,5 % mo 90-100 % cnyuaes [36, 45]. [lyofeHocTeHO3
C JIOKa/M3aLyel B MWIOPUUeCKOM KaHase U/WIn Ha-
yambHOM otzene [TIK pasBuBaetcs ¢ yactoToit 7—13 %
TIpY JIOKa/IM3alUy sI3BeHHOTO JlepeKTa B jBeHa/j1|aTH-
MepPCTHOM KuIKe [45].

HEALTH POLICY AND PUBLIC HEALTH

YacTtoTy Manurau3anuyu (03n0kadectsienusi) 6K
u AB/ITTK onpezeuTh C/I0KHO, TaK Kak 3a Ma/IUrHU3a-
LIWIO 513BBbI HEPEJKO OLIMOOUHO MPUHUMAIOTCS C/Ty4yan
CBOEBPEMEHHO He pacro3HaHHOT0 MH(UIBTPATHBHO-
SI3BEHHOI'0 pakKa ykesyjka. MalurHusupyrorcs, Kak
MpaBUIO, Kalyle3Hble, IJINTe/IbHO He 3a)KHUBarolye
SI3BBI JKeJTyiKa. Manurau3auus s138e1 JITK HabmrogaroT
KpaiiHe pefiko [25]. [IpyurHHO-C/IeICTBEHHbIE CBS3U
JKeTy/IOUHBIX s13B M paka 06Cy»>K/1at0TCsi MHOTO JieT
C TeX 1op, KaK 00HAPY>KU/IOCh, UTO TIPU sI3Be JKeJTy/IKa
PUCK pa3BUTHs paKa IMoBbIlLIaeTcs B 2 pasa [52]. Ox-
HOBpPEMEHHOE CylLleCTBOBAHME SI3BbI U pPaKa JKeyly[Ka
HabsomaeTcs B 2—-3 % ciyuaeB siI3BeHHOUH 00J1e3HU.
TepMyH «MaTMTHU3ALHIS SI3BbI JKEJTyKa» B 3apyOe>KHOM
nTeparype yroTpebseTcs pefiko, a naTroreHeTHUeCKHe
MeXaHU3Mbl BO3MO)KHOTO 03/I0KaYeCTBJIEHUS OCTArOTCA
muckyTabenbHbIME [53].

B nocnegaue rozpl, o ganHbiM BO3, Giarogaps
CBOEBPEMEeHHOW 3H/I0CKOITMYeCKOM MarHoCTUKe,
COBpPEMEHHbIM CXeMaM MPOTHUBOSI3BEHHOW Teparivy,
TIPOUCXOJUT CHWKeHHe Yuca MalyeHTOB C 0CI0XK-
HeHHbIMU opmamu ABXK u [TIK [54].

3a60nesaeMocTb Npu «MANONaTUYECKON»
thopMe A3BEeHHOIN 60/1€3HM

B Hacrosiiiee Bpemsi HeKOTOpPbIe UCC/IefloBaTe/In
BbIZIe/SIIOT 0co0yto hopmy S1B, Ha3bIBaeMyr0 «HAUO-
ratuueckoi» [29]. Pasputhe «uanonarudeckoi» b
He aCCOLIMMPOBAHO C [J0Ka3aHHBIM MH(EKIIMOHHBIM
TIPOLIeCCOM WJ/IU AAPYTUMU U3BECTHBIMU 3THUOJIOTHYe-
ckuMH (pakTopamu [37].

MexaH13M pa3BUTHS s3BeHHOI Ooie3HH JocTa-
TOYHO cioxeH [55—60]. [IpyumHa pa3BUTHS S3BEHHOTO
nipotiecca y 60ybHbIX uaMonarndyeckor b 10 KoHia
He BBbISICHEHA Y BO3MO)XHO CBsi3aHa C HapylleHHeM
MPOL[eCCOB HEMPOTryMOpaJbHOUN Peryssiliuu CJIU3U-
CTOM 000J/I0YKH Ke/TyZOYHO-KHUIIIeYHOTO TPAKTa, UTO
MO>KET BBI3bIBATh J1icOa/aHC TIPOTEKTUBHBIX CBOMCTB
C/TU3UCTOM 000/10uKH XKenyaka [29,61]. BeretatuBHast
HepBHas CUCTeMa OKasbIBaeT BIUSHUE Ha COCTOSIHUE
BCero opraHusma [62]. BereraruBHble HapylleHYs IPU
SB BcTpeuarotes y 75-82 % 6onbHbix b [63]. Huzkas
aKTHUBHOCTB OMy)KJAIOILero HepBa sSIB/ISIeTCs CBSI3yOLIM
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MeXaHU3MOM, C TIOMOLL[bI0 KOTOPOT'O ICUX0JI0OTHYeCKUe
(hakTOpBI BJUSIOT Ha (DYHKIIWIO >KeTyI0YHO-KUIIIEYHOTO
TpaKTa ¥ BBI3bIBAIOT AUCKOM(OPT B AMUracTPabHOMN
obmactu. Y 60/bHBIX [I0 U TIOC/Ie HEPBHO-TICUXHUUECKOTO
CTpecca OTMEUEHO CHW)KEeHHe TOHyca O/Ty)Karolero
HepBa U TOBLIIIeHNEe aKTUBHOCTU CUMITaTHUe CKOM
HepPBHOU cucTeMbl. MI3MeHeHMe BaryCHON aKTUBHOCTU
CBSI3aHO C (PAKTOPOM XPOHUYECKOTO CTPeCca, YT MOXKET
3aTparvBath (QyHKLIMIO BereTaTUBHOW HEPBHOM CUCTEMBbI
Y HapyllaTh HeHPOTryMOpasabHY0 U HeHPO-MBbILLIEYHYIO
aKTUBHOCTD Kesyaka [61].

OpHuM 13 BeAyUX (PaKTOPOB pa3BUTHS UMOTIa-
THUYECKOM s13BeHHOU 00/1e3HU sIB/IsieTCst cTpecc. B mo-
criejHUe TO/lbl IPOMCXOAUT PeHeCCaHC B OTHOLLEHUHN
TICUXOJIOTUYEeCKOTr0 CTpecca Kak Ba’kKHOro (akropa
obpa3oBanus s13Bb1. MIH(OpMarys 0 ToM, UTO repBUYHast
3abosieBaeMOCTb 60bHBIX B, a Takke peLuivBel 1B
1 ee OCJIO)KHEHHs BO3PacTaloT BO BPeMsI BOEHHBIX
KOH(D/TMKTOB, CTUXUKHBIX O€/ICTBUM, SKOHOMUYE CKOU
JleTipeCcCcuM MO TBepKJaeT yyacTue ¢akTopa CTpec-
ca B pa3BUTHU JJaHHOTO 3abosieBanus. Tak, mocie
3emsieTpsiceHus B finonuu B 2011 roay KomyeCcTBO
U/IMOTIaTUYECKUX 513B YBETMUMIIOCH Ooslee ueM B 2 pa3a,
a KOJIMYeCTBO 513BeHHbIX KPOBOTEUEHUN yBEIUUNIOCh
B 2,2 pa3a [60].

J1j1st MOCTaHOBKU JilarHO3a «UuoTaTuyecKas
s13Ba» HEOOXOJUMO MCK/TFOUEHHE IPYTUX TTPUUHH, BbI-
3bIBarOIMX 00pa30oBaHMe raCcTPOAyO/ieHaTbHBIX S13B.
[To maHHBIM MTEpaTypPhl, UAUONAaTUUeCKas S3BeHHast
6ome3Hb nMeeT HanbosIee TsHKeIoe TeueHHe C Pa3BUTHEM
JKM3HEYTPOXKAKIHUX OCJ0KHEHUU, a TaK)Ke TPYAHO
I depenuypyetcs ot Apyrux ¢opm Ab [61].

PacnpocTpaHeHHOCTh uauomnaTuueckou Ab
10 ZIJAHHBIM Pa3/IMYHBIX aBTOPOB Kosebsetcs ot 39 %
10 73 %. JlaHHbIe 0 3a00/1eBa€MOCTH MHOTIaTUUe CKOM
¢dopmoti AB, a Taxke nHpopmMarus o MeTozax Audde-
PEeHLUAILHOW AUAarHOCTUKU B ZIOCTYTHBIX UCTOUHHKAX
JIUTEpaTypbl OTCyTCTBYIOT [60].

CMepTHOCTb

Bosie3nn opraHoB nuilleBapeHwusi, 0 JaHHBIM
MHPOBOM CTaTUCTUKH, 3aHUMAIOT CeJbMOe MeCTO
B CTPYKType npuuuH cMepti (4,3 %) [58]. CornacHo
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JMaHHbIM PoccTaTa cMepTHOCTD OT Ooie3Hel OpraHoB
nvitieBapenusi B Poccuiickoii defepaiiyu B rocieHee
JlecaTuieTre Bapprpyetcd oT 65,4 10 67,2 ciiy4yaeB Ha
100000 nacenenwus [6, 15]. ITo pe3ynsraram npoBe-
JeHHoro uccienoBanusi Koccopoti T.B. cMepTHOCTE OT
Oome3Heii opraHoB nviieBapeHusi B PO Ha npoTsokeHNH
TOC/IeIHAX TPU/ILIATH JIET IEMOHCTPUPYET Hauboee
HeO0/1aroroNMyyHyo IUHAMHKY 110 CPAaBHEHUIO C JIPY-
TMMU TIPUUUHAMM CMEDPTH, UTO YBeJIMUYUBAET BK/IA[,
9TOM COCTaB/IsIIONIEel B TOPMOKeHe POCTa TMOoKa3aTesis
0)KHJIaeMOM TIPOAO/DKUTETHOCTHY YKU3HU HaCe/leHus.
B Hacrosmee Bpems BOII 3aHrMaroT ueTBepTOe MeCTO
B CTPYKTyp€e TIPUUYHH CMEPTHOCTH y MY>XKUMH U Tpe-
Th€ — Y >KEHIIWH, YCTYyTIasi TOJIbKO 00Jie3HSM OpraHOB
KpPOBOOOpaiieHust 1 HoBooOpa3oBaHUsM [59].

CMepTHOCTb OT OCJIO)KHEHHWH sI3BeHHOU O01e3HU
Y 5PO3UBHO-513BeHHBIX TIOPa’KEHMM JKeslyKa U ABeHa-
LIaTUTIEPCTHOM KUIIIKU cocTaBsieT 7,7 % OT Bcex cmep-
Tei, Bbi3BaHHBIX BOIT [46]. ®akTopamMu CMePTHOCTH,
BBI3BaHHOM OC/IOKHEHHBIM TeUeHHEM sI3BeHHOM 00J1e3HN
JKenyaKa v JBeHaALlaTUIepCTHOW KUIITKHU, SIBISIFOTCS:
TTO3/THSIST TOCTIUTA/IU3ALTHS, TIOKUION U CTapueCKUM
BO3pacT, COMYTCTBYOIIMe 3a00/1eBaHUs], COUeTaHHbIE
0CJIOXKHEHUsI, HeCBOeBPeMeHHOe jiedeHHe U HeTlpaBU/Ib-
Hasl TaKTHKa JIeUeHUs], a TakKe MocieornepalioHHbIe
OCJ/I0’KHEeHUs [ 56, 46].

3aknroyeHue

AHanu3 3MueMUO0JIOTHH S13BeHHOW 00J1e3H U ee
OCJI0)KHEHHH T103BOJIsieT HaM aKL|eHTHPOBaTh BHUMaHHUe
Ha Borpocax, (opMHUPYIOIIUX OCHOBY /i1 BEIOOpa
Hay4HbIX HarpaB/ieHUN MyAbTUAUCLUTIMHAPHOU
HCCe0BaTeIbCKOU [1esiTe/IbHOCTH, pPe3y/IbTaTOM
KOTOPOM MOXKeT CTaTh yCTaHOBJ/IEHHe 0CHOBOIIO/Iara-
IOLMX 3BeHBbEB MaToreHe3a si3BeHHOU 00/1e3HU W/UH
ee OCJIOKHeHHH, TedeOHOe BO3/eliCTBHe Ha KOTOpbIe
TI03BOJTAT 3HAUMTEJIBHO YIYUIIUTh Pe3Y/IbTaThI JTIeueHus]
JIAHHOM KaTeropuu O0/IbHbIX.

Takue BOTIPOCHI yKa3bIBaKOT, UTO:

1.HepocraTouHo rccefioBaHa posib MOJIOBBIX IOp-
MOHOB B 3THOJIOTHH U TIaTOTeHe3e s13BeHHOW 00J1e3HU
U ee 0CJIoKHeHUN. Ha ocHOBe aHanv3a snyjeMHosio-
TMUYeCKHX [JaHHBIX YCTaHOBJIEHO, UTO 3a00/1eBaeMOCTh
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SIB My>KUMH TPYAOCTIOCOOHOTO BO3pacTa MpeBbIIlaeT
3a00/1eBaeMOCTh JKeHIIMH TOTO ke Bo3pacTa B 2,7 pa3.
Bricokasi 3a601eBaeMOCTb SIB y My>KUMH OTMeuaeTcst
B Bo3pacre 710 20 jieT ¥ 3aMeTHO CHWKaeTcs K 40 rogam.
[Tpu 3TOM y >KeHIIMH, Hao00poT, roce 40 jieT ypoBeHb
3a00s1eBaeMOCTH yBe/urBaeTcsi. HeKoTopbIME aBTOpaMu
YCTaHOB/IEHO, UTO 3CTPOTeHbI 00/1a/Ial0T aHTHY/TbLIepOreH-
HBIM JIeUCTBUEM. Y KeHIIWH Tiocse 40 jieT MPOrCXOIuT
M3MeHeHre FOPMOHA/ILHOTO (hOHa, KOTOpOe TPOSIB/ISAETCS
CHIDKEeHHEM 3CTPOTeHOB, UTO yOeauTe/IbHO YKa3bIBaeT
Ha yyacTue B raroreHese $Ib ropMoHanbHOIO 3BeHa
PenpoAyKTUBHOM cUCTeMbl. Takyke MO SMHAEeMUOIOTH-
YeCKUM JJAHHBIM OTMeuaeTcst pa3Hast 3a60/1eBaeMOCThb
s13BeHHOM 00/1e3HBI0 U Y ieTell. MalbuuKy U JeBOYKH
JOLITKO/IHOTO BO3pacTa 60/IetoT ¢ 0MHAKOBO YacTOTOH,
HO yXe K 12—14 romam ypoBeHb 3a00/1eBa€MOCTH MaJlb-
YMKOB BhIILIe YPOBHsI 3a00/1eBaeMOCTH JieBOUeK B 3 pasa,
ak 18-20 romam —B 5 pa3, 4To TaKke NoTBePKJaeT POib
TI0/IOBBIX TOPMOHOB B pa3BuTHu b 1 ee 0C/I0)KHEHUH,
TaK KaK B yKa3aHHbIe [1eprO/bI TIPOUCXOAUT MOI0BOE
CO3peBaHye, KOTOpoe CONPOBOXKAETCs YBe/TMUeHueM
YPOBHS ITOJIOBBIX TOPMOHOB.

2.B HacTos1ee BpeMsl BbIZEJISIIOT «MAUONaThye-
CKy10» (hopMy si3BeHHOU 00s1e3HU. Ba)KHBIM acrieKTom
SIBJISIETCS TO, UTO Pa3BUTHE «HAMONaTHUYecKoi» b He
aCCOLIMMPOBAHO C J0Ka3aHHBIM UH(EKIIMOHHBIM IPO-
1|eCCOM WU/IU JPYTUMU U3BeCTHBIMU 3THUO/I0TMUe CKUMU
(axTopamu. [To JaHHBIM TUTEpaTyphl UAMONIATHYECKAst
si3BeHHasi 0o71e3Hb UMeeT HauboJiee TsHKeIoe TedeHHe
C Pa3BUTHEM >KU3HEYTPOXKAIOLIMX OC/I0KHEHHH, @ TAaKXKe
TpyaHo avddepeHupyetcs oT apyrux dopm ABb. dns
MOCTAHOBKHM JIarHo3a «MJuoraTruieckas si3Ba» Heo0-
XOZIMMO UCKI/IFOUeHHe IPYIUX [PUYKH, BbI3bIBAIOLLIUX
obpa3oBaHue racTpoAyoAeHa bHbIX 513B. [IprunHa
Pa3BUTHS SI3BEHHOTO TIpoLjecca y O0/IbHBIX WAKUOTIATH-
yeckoit 1B 710 KOHIIa He BBISICHEHA Y BO3MOYKHO CBsI3aHa
C HapylleHreM IpPOLieCCOB HeHpOryMopabHOM pery-
JISILAY C/TU3UCTOUN 000JI0UKH JKey[0YHO-KUIIIEYHOTO
Tpakra. PacnpocrpaneHHOCTh nauonarudeckor Ab no
JAHHBIM Pa3/IMYHBIX aBTOPOB KosebseTcst ot 39 % 110
73 %, a JaHHbIe 0 3a00/1eBa€éMOCTH UIXOINATHUE CKOU
¢dopmoti AB, a Taxke nH(GopMaus o MeTozax Audde-
PeHLMa/IbHOW IMarHOCTHKH B [JOCTYITHBIX NCTOUHMKAX
JIUTepaTypbl OTCYTCTBYHOT.

HEALTH POLICY AND PUBLIC HEALTH

3. OpHoM U3 HepellleHHbIX MTP06JieM racTposHTe-
POJIOTHH OCTAKOTCS YacThle PeLIUAUBEI C pa3BUTHEM
JKU3HeYIPOJKaroLUX OC/I0OKHeHUM. [laHHble, 101y~
YeHHbIE B pe3y/bTaTe MPOBeJeHHOr0 CTaTUCTHYeCKO-
IO UCCJIe[J0BaHNs, YKa3bIBalOT Ha HeZl0CTOBEPHOCTh
3¢ PeKTUBHOCTH aHTHUXeTMKOOaKTepHOU Teparuu.
Y naupenToB ¢ ABXK v ABAIIK, koTOpbIM NpOBOAX/IACH
aHTHXeMMKOOAKTepHasi Teparysi OTMeueHa TUTen3a-
L 513BbI yepe3 MecsL y 97,8 %, a yactora peLiijiBOB
ABX cocraBuna 17 % u peuyauso ABATIK — 50 %.
Y nanueHToB, KOTOPBIM He MPOBOJU/IACh AHTUXETUKO-
OakTepHasi Teparuisi, STUTeM3aLus 13Bbl Habmoanach
y 94 % Habnromaembix naijeHToB Ha 30—40 1eHb,
a yacrora peluuBoB y naiueHToB ABXK cocraBuia
40 % v y maupenToB ¢ ABAIIK — 31 %. OrcyTcTBUe
CTaTUCTUUECKUX 3HAYMMBIX Pa3/Muri pe3ybTaToB
JledeHUs BbI3bIBaeT OIpaBJaHHble COMHEHUs B BeZlyllier
naroreHetTnuueckout posu Helicobacter pylori.

4.0tmeueH pocT 3a00/1eBaeMOCTH Y JIUL] TIOXKUJIOTO
Y CTapueckKoro Bo3pacra. ¥ JIUL] JaHHOW BO3PaCcTHOM
KaTeropuu pas3jnyaroT TpU BapraHTa pa3Butus SAbK
u JIIK. B niepBoM ciiyyae pa3BUBaeTCs JJIUTE/IbHO
TIpoTeKaroIIast si3BeHHast 60sie3Hb («CTapast si3Ba»), BO
BTOPOM — sI13BeHHasi 00/ie3Hb pa3BUBaeTCs Ha hOoHe
BO3PACTHBIX MOPPOGYHKLIMOHAIBHBIX U3MeHeHU!
(«T1037HsIs1 513Ba») U B TPeTheM — si3BeHHasi 00Jie3Hb,
BO3HMKaeT Ha ()oHe NprieMa JIeKapCTBeHHBIX I1peraparoB
WM HaJTMUUsT COMYTCTBYHOLMX 3aboneBaHuid. Vicxops
13 3TOT0 [JOJDKHBI OTMeUarhCsl CylljeCTBeHHbIe Pa3/Inuus
TIpY OTIpe/ie/IeHUuH yPOBHs 3a00/1eBaeMOCTH B 3aBUCH-
MocTu oT BapuaHTa pa3sutus ABXK u [IIK, ogHako
JaHHasi nHhopMalys KpalHe CKYJHO TIpe/icTaB/ieHa
B Hay4HO! Me/IMLIUHCKOM iUTeparype. B noxxuiom Bo3-
pacTe s13BeHHBIN fieeKT B CTEHKe JKeJTy/ika BO3HUKaeT
B 1,7 pa3 uaille, a B cTapyeCKOM Bo3pacTe B 3 pasa yvallje,
yeM B JIBEHA/IIIaTUTIEPCTHOM KUITIKe. Y JIUI] JaHHOU
BO3paCTHOM KaTeropyuu OTMeUaeTCsi MeJljieHHOe pyoOie-
BaHUe sS13BeHHOTO JledekTa 1 6osee MpoJo/DKUTe/TbHbIE
peLUBEI C OC/IOKHEHHBIM TeUeHUeM.

5. Ocnoxxuenusimu Ab SBAAIOTCSA KpOBOTEUEHMeE,
nepdopaiys, neHeTpalus, epuAyoeHUT, racTpo-
JlyoJ/leHaIbHbIN CTeHO3 U ManurHu3aius. OcrarTcs
OTKPBITBIMU BOTIPOCHI IPUYKH O071ee UacToro pa3BuTHs
Jyo[leHa/TbHbIX KPOBOTeUeHHH (B 3 pa3a) Mo OTHOLIEHUIO
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K >xenynouHbiM. Taxoke repdopatust JITK BcTpeuaetcs
B 70-75 % cnyuaeB, a iepdopariys si3BbI XKeJTyKa —
B 25-30 %. HeoHO3HauUHBI ¥ laHHBIE O YaCTOTe BCTpe-
yaemocTy neHetparyu nipu b c nokanuzanueit B T1K.
Tak, 1o JaHHBIM OJHUX UCC/Ie/joBaTesel, eHeTpaLus
BcTpevaeTcs y 14-26 % 60/bHBIX € 0CI0KHeHHOU Sb,
a o pesysbratam Apyrux—y 35-50 % maiueHToB.
[anHble 0 yactoTe neHeTpauuu npu Ab c nokanuzauyei
B JKeJly[jKe B COBpPeMeHHbIX UCTOUHMKAX JINTepaTyphl
He Tpe/iCTaB/IeHbI.

B nocnenHye rozfbl NpOUCXOAUT yBeIUUEHUE KO-
JIMYeCTBA MAaljeHTOB C COUeTaHWeM HeCKO/IbKUX BUJIOB
ocnoxxHenui AbX u AT1K, uto co3maeT c0XKHOCTU
MpU BBIOOPE TaKTUKKU XUPYPryUueCcKoro jeueHus, Tak
Kak 00JIbHbIe C COUeTaHHBIMH OC/IOKHEHUSIMU 10 CHUX
TI0Op He BblJe/IeHb] B OTZe/bHYIO FPYIIy, COOTBeT-
CTBEHHO, OTCYTCTBYIOT peKOMeH/aLuy 10 BeJleHUI0
TaKuX OOJIbHBIX, UTO TIPUBOJAUT K Pa3BUTHIO MOCTIE0-
repaLviOHHbIX OC/IOKHEHUU C pa3BUTHEM JleTalbHOIO
ncxofia. OHUM U3 TPO3HBIX OCTIOKHeHUH S1b sBisieTcs
MaJ/IMrHU3aLus, OJHaKO YaCTOTy ee BOSHUKHOBEHUS
Onpee/IUTh CJI0KHO, TaK Kak 3a MaJIMTHU3ALUIO 3Bl
HepesIKo OIIMO0UYHO IPUHUMAIOTCS C/Tydau CBOeBpe-
MEHHO He PaCro3HaHHOTO MH(PUIBTPAaTHBHO-SI3BEHHOTO
paka xenyaka. Manurausauus 3861 JITK HabmoparoT
penko. ManmMrausypyroTcs, KaK paBUiIo, Kajljie3Hble,
JUIUTEeJIbHO He 3a)KMBarOLLYe S13Bbl XKeslyKa. [IpruurHHO-
CJIe[ICTBeHHBIE CBSI31 JKeJTYJOUHBIX 513B U pakKa 00Cy»K/1a-
FOTCSI MHOTO JIeT. YCTaHOBJIEHO, UTO MPH s3Be JKeslyKa
PHUCK pa3BUTHS pPakKa MOBBIIAETCS B 2 pa3a. TepMuH
«MaJIMTHU3aLMs S3BBI JKeslyZKa» B 3apy0esxHol u-
TepaType ynoTpebsisieTcst pefiko, a maToreHeThYecKue
MeXaHH3Mbl BO3MOKHOIO 03/10KayeCTB/IeHUS] OCTar0TCs
UCKyTabeTbHBIMHU.

6. [IprurHa peLiIMBUPYIOLEro TeueHusl Ha (JoHe
YCIIeIIHO MPOBe/IEHHOM Teparnyu, CONMPOBOXKAAOLIENCsT
SMWTeM3aLel I3BeHHOT0 JledeKTa, Ha COBpEMEHHOM
JTarie MeJUITUHCKON HayKHW OCTaeTCsl HeM3BeCTHOM,
a roKasareJib JIeTaJIbHOCTH IIPY OC/IO)KHEHHOM TeueHU!
octaetcst BbICOKMM. OcoxxHeHHOe Teuenst S1b TpeGyer
3KCTPEHHOI0 XMPYPruueckoro BMellaTebCTBa, KOTopoe
COMPSDKEHO C BO3MOKHBIM Pa3BUTHEM MOC/Ie0Nepaly-
OHHBIX OC/IO)KHEHHH, TaKUX KaK: HeCOCTOSITE/IbHOCTh
racTpoAyoZleHOTO aHaCTOMO03a, HeCOCTOSITe/IbHOCTD
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KynbTy 11K, HeKpO3 CTeHKU JKely/Ka, CriaeyHasi TOH-
KOKHMIIIEYHAst HEIPOXOAUMOCTb, KpOBOTeUeHue. [laHHbIe
OCJIO)KHEHUS MOT'YT IIPUBOJUTH K Pa3BUTHIO Pa3/IMTOrO
[IepUTOHNUTA ¥ KPOBOTEUEHHIO, UTO JOCTATOUHO YaCTO
TIPUBOAMT K JIeTallbHOMY HUcxofy. CMepTHOCTb OT OC-
JIO>)KHEHUU SI3BeHHOU 00/1e3HU U 3PO3HUBHO-513BEHHBIX
TopaykeHWH JKeJlyZiKa U IBeHaLlaTUIIePCTHOU KUILIKU
coctagnsieT 7,7 % OT Bcex cMepTeld, Bbi3BaHHBIX BOII.
OfHot# U3 T71aBHBIX MPO6/IeM SIB/seTC St HeBO3MOXKHOCTh
WICKJTIOUEHHSI TT0C/Ie0nepaljuOHHbIX OC/IOKHEHUM, He-
CMOTPSI Ha U3BeCTHbIE [IPUUYUHBI UX BOSHUKHOBEHMS.
7.CMepTHOCTb OT O0s1e3Hell OPraHOB MUIIeBape-
Hus B P® Ha npoTshkeHUM NoC/IeHUX TPUALIATH J1eT
JEMOHCTpUpPYeT Haubosiee HeO/IAarono/yYHyIO JHUHA-
MUKY 10 CPaBHEHUIO C AAPYTUMU [IPUYMHAMU CMEpTH.
B Hacrosmee Bpems BOII 3aHrMaroT ueTBepTOe MeCTO
B CTPYKType NPUYMH CMEPTHOCTH Yy MY’>KUUH U Tpe-
The — Yy KeHIIWH, yCTyTiasi TOJLKO 00JIe3HSIM OpraHOB
KpoBoOOpallieH!s 1 HOBOOOPa30BaHUSIM.

BbiBogbl

Takum 06pa3om, 3¢ dekTrBHOE JieueHre U poQu-
nakTvka b ocTaeTcs ofiHOM 13 aKTya bHbIX pobieM
coBpeMeHHOM ractposHTeposoruu. AbXK u ATIK sB-
JISIeTCsI TIOJIMATHUOJIOTHYeCKUM 3a0o/ieBaHUeM, a pas-
HOYTEeHUS 3TUOJIOTMU Y raToreHesa f1b ykasbiBaroT Ha
He/I0CTaTOYHOCTh OLIeHKH BceX (haKTOPOB MaToreHesa,
YTO He I103BOJIseT MPeJJI0KUTh eJUHYI0 TAKTUKY I1aTo-
reHeTHUYeCKH 000CHOBAHHOM Teparvy Ha COBPEMEHHOM
3Tare pasBUTHS MeZULIMHCKOU HayKU U OPUEHTHPYeT
Ha HeoOXOAUMOCTh AabHeHIIIeH UCCe0BaTe/TbCKOM
paboThI.
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Traumatic brain injury: basic cellular mechanisms
and new approaches to therapy
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Abstract. Relevance. Traumatic brain injury (TBI) is a serious medical problem and one of the leading causes of disability
and mortality among military personnel and civilians. It is known that about 1.5 million people in the world die from TBI every
year, while about 2.5-3 million lose work capacity. In Russia, one million people are diagnosed with TBI every year, among
which one in five gets group I or II disability. Despite significant efforts in research, effective TBI treatment methods are still
limited, as TBI leads to a wide range of pathological changes in brain tissues. Primary brain damage is an acute and irreversible
mechanical damage to the parenchyma of the nervous tissue. Among subsequent secondary processes are excitotoxicity,
mitochondrial dysfunction, oxidative stress, axon degeneration, and neuroinflammation. These processes are often long and can
take from several days to several years. Recent advances in cell therapy are opening up new perspectives for the treatment of this
condition. The current review examines the main cellular mechanisms of TBI acute and chronic phases, as well as the treatment
prospects for the use of stem cells for. Analysis of recent studies on the use of cell therapy in TBI is presented. Various types
of stem cells such as neural stem cells, mesenchymal stromal cells and others are considered in the context of their potential
to repair damaged brain tissues. Special attention is paid to the cells action mechanisms in the regeneration process, including
their effect on inflammation, neurogenesis, and synaptic plasticity. The issue of using paracrine factors secreted by stem cells
as a potential drug for traumatic brain injuries treatment is addressed. Conclusion. Cell therapy, as well as the use of products
secreted by cells, is one of the new and promising ways of treating TBI.

Key words: traumatic brain injury, cell therapy, secretome, extracellular vesicles, neural stem cells, induced pluripotent
stem cells, mesenchymal stromal cells
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Introduction

Traumatic brain injury (TBI) pathogenesis is
a complex process resulting from primary and secondary
injuries leading to temporary or permanent neurological
deficits. The blow results in primary damage (acute phase),
expressed by a mechanical violation of endothelial cells,
neurons and glia integrity. Secondary damage develops
in a time interval from several minutes to several days
after the primary damage due to the activation of various
cascades leading to further brain damage. Damaged cells
produce a large number of factors: ions, proteins, signaling
molecules that initiate inflammation, apoptosis and
oxidative stress processes in the surrounding tissues. The
acute phase lasts about 24 hours. After that, the activation
of the pro-inflammatory phenotype of microglia (M1)
and reactive astrocytes, as well as blood-brain barrier
(BBB) damage and the involvement of peripheral immune
cells trigger chronic neuroinflammation mechanisms. The
chronic phase is long-term [1-4].

Cell therapy is a promising approach in TBI
treatment. This method is aimed at restoring damaged
brain tissues and improving functions, and has a positive
effect on various cellular processes. The use of stem cells,
including neural stem cells and mesenchymal stromal
cells, is one of the challenging areas, since they have
the ability to differentiate into various cell types, which
can help replace damaged neurons and maintain cellular
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homeostasis. At the same time, cell therapy can stimulate
regeneration mechanisms, including neurogenesis
(formation of new neurons), angiogenesis (formation
of new vessels) and synaptogenesis (formation of new
synapses). These processes contribute to the restoration
of the brain damaged areas functions. Also, stem cells
secrete anti-inflammatory factors, which can have an anti-
inflammatory effect, reducing the activation of microglia
and astrocytes, as well as reducing the levels of cytokines
and other inflammatory mediators.

Cellular response to TBI

A large number of cells are activated in TBI in
response to brain damage. Astrocytes, oligodendrocytes,
NG2+ precursors of oligodendrocytes, neural stem
cells (NSCs) and ependymal cells of the ventricular
membrane of the brain are the first to react to the
destruction of nervous tissue. In addition, the response
also occurs in non-neural CNS cells, namely — in
microglial cells, perivascular phagocytes, pericytes
and endothelial cells. Blood cells such as leukocytes,
platelets, fibroblasts and mesenchymal precursors are
attracted to the site of inflammation [2].

Mechanical action on brain cells leads to stretched
neuronal membranes, their depolarization and influx
of calcium ions (Ca2+). In addition, diffuse axon
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damage (traumatic axon shift), leads to bending and
disintegration of microtubules (MTB). As a result,
the occurring structural damage causes disruption of
axonal transport, swelling of axons and, subsequently,
their degradation [3, 4]. In mild TBI, small cell
damage contributes to a slight increase in extracellular
concentrations of glutamate and/or ATP. This, in turn,
helps to attract microglia without developing an
inflammatory reaction. In addition, extracellular ATP
can interact with astrocytes, leading to an increase in
intracellular Ca2+ and the release of astrocytic ATP
through connexins, which increases the possibility of
an inflammatory reaction.

Significant disturbances and cell death stimulate
the release of cytosolic and nuclear contents: DNA,
RNA, potassium (K+), heat shock proteins, and calcium-
binding proteins of the S100 family [2]. Subsequent
development of inflammation is associated with the
release of a large number of neurotransmitters, cytokines
and chemokines, which stimulate the activation of glial
cells (so-called reactive gliosis), microglia and attract
immune cells (Fig.1) [5].

Activation of microglia

Microglia is an important component of the brain
immune defense. Normally, M1 (pro-inflammatory) and
M2 (anti-inflammatory) phenotypes of microglia work
in tandem, supporting both the processes of destruction
(removal of damaged cells) and restoration of nervous
tissue. In response to various cytokines, especially in
response to interleukin-1f (IL-1p) and interleukin-18
(IL-18), secreted both by damaged cells and by the
microglia itself, changes occur in the morphology and
functional activity of the microglia, as a result of which
the latter acquires the M1 phenotype. As a result, the
NF-kB signaling pathway and the pathways of mitogen-
activated protein kinases (MAPK) are activated in
microglial cells. This leads to M1-microglia starting to
secrete a large number of such proinflammatory cytokines
as IL-1p, interleukin-6 (IL-6), interleukin-8 (IL-8), IL-18,
interferon-y (IFNy) and tumor necrosis factor-a (TNFa, or
TNF-a). In addition, M1-microglia has high phagocytic
activity: it can mediate the metabolism of extracellular
phosphatidylinositol as a source of arachidonic acid for
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the synthesis of leukotriene [4, 6, 7]. At the same time,
M1 microglia can enhance oxidative stress by increasing
the expression of NADPH oxidase and inducible NO
synthase (iNOS) [8, 9].

It is important to note that during TBI, M2
phenotype of microglia which has three subtypes:
M2a, M2b and M2c, is also activated. Activation of
M2-microglia most often occurs later than activation
of M1-microglia, and can be induced by interleukin-4
(IL-4). It is very important that in response to TBI,
the activation of M1 macrophages quickly transitions
into a recovery reaction due to the activation of M2
phenotype [10]. To date, it is known that microglia of
M2a subtype inhibits inflammation processes, and also
stimulates cell proliferation and migration to the site
of injury, where it is able to increase the expression of
the antagonist of the IL-1 receptor, arginase-1 and the
trigger receptor expressed on myeloid cells-2 (TREM2).
M2b microglia, in turn, has both pro-inflammatory and
anti-inflammatory functions. The expression of IL-1,
TNFa, IL-6 and Toll-like receptors (TLRs) is associated
with its pro-inflammatory activity, and the expression
of arginase-1 is associated with anti—inflammatory
activity. At the same time, M2c subtype exhibits anti-
inflammatory activity due to the high level of expression
of transforming growth factor-f (TGFR), CD206, CD163
and sphingosine kinase-1 [8]. In addition, it has been
shown that M2 microglia is able to secrete insulin-like
growth factor-1 (IGF-1), which has a positive trophic
effect. M2 microglia is also capable of producing nerve
growth factor (NGF), brain neurotrophic factor (BDNF)
and neurotrophin-3 (NT-3), which stimulate neurons
growth and survival [10].

Reactive gliosis

Under normal physiological conditions, glial
cells support the functions of neurons, influence
neuroglial interactions, and participate in maintaining
neurotransmitters synaptic connections and balance.
In pathological conditions, the situation is different, in
particular, in TBI, the presence of numerous cytokines
initiates reactive gliosis. The interaction of astrocyte
receptors with IL-1f3, TNF-a, and TGF-1 causes
morphological and functional changes in cells: astrocytes
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become hypertrophied, demonstrating noticeable changes
in the level of certain proteins (for example, glial fibrillar
acid protein (GFAP), intermediate filaments, vimentin
and nestin). The influence of reactive glial cells on the
surrounding cells that support normal functioning of
neurons can lead to synapse defects, impaired secretion
of neurotransmitters and neuronal death. It is generally
believed that reactive astrocytes are localized at the site of
injury, however, there is evidence describing their ability to
migrate to healthy tissues [10, 11]. It is important to note
that reactive astrocytes are capable of forming a glial scar
(astrocytic scar), which borders the site of injury. On the
one hand, scar formation is needed for partial separation
of damaged tissue from healthy tissue in order to prevent
widespread inflammation; on the other hand, neurogenesis
and neurodevelopment processes are often suppressed in
the scar area, because the scar forms a structural barrier that
constantly secretes axon growth inhibitors [2, 10, 12, 13].
The regulation of reactive gliosis occurs not only
due to proinflammatory agents and various molecules
produced by damaged cells, but also due to the influence
of substances capable of penetrating through the
damaged BBB; substances secreted by leukocytes, as well
as due to paracrine and autocrine factors. Reactive glial
cells specifically alter the expression of different genes,
both depending on the activating molecular cascades,
and on the type of injury and severity of damage [2].

Involvement of peripheral immune cells

Focal brain injuries exhibit a characteristic
inflammatory response with infiltration by peripheral
immune cells after injury. It is believed that these cells
are important because they are able to secrete many
inflammatory mediators associated with increased tissue
damage. In addition, a large amount of data obtained in
the study of ischemic injuries indicates that inhibition of
leukocyte recruitment contributes to a decreased affected
area and the development of a favorable outcome [14].

Activation of endogenous neural stem cells

As is known, there are two main localization zones
of neural stem cells in the human and rodent brains: the
subventricular zone surrounding the lateral ventricles
and the subgranular zone of the dentate gyrus of the
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hippocampus. The latter is especially important for the
formation of new neurons and new synapses in already
existing neural circuits. In addition, modeling TBI in
rodents showed activation of NSCs of the hippocampus
subgranular zone. At the same time, an increase in the
level of NSCs proliferation, formation of new neurons
and their migration to the site of injury is observed.
Literature data analysis shows that in TBI the largest
number of neurons is formed in the hippocampus,
which is especially important for cognitive functions
restoration. However, the problem of effective
restoration of nervous tissue in TBI is that the survival
rate of newly formed neurons is quite low, especially
in conditions of progressive neuroinflammation and
apoptosis of surrounding cells. Thus, in order to start
the process of endogenous brain repair, it is necessary
to use a strategy aimed at stimulating the proliferation
of NSCs, increasing the survival of neurons and their
migration to damaged areas of the brain (Fig. 1) [15].

New approaches to TBI therapy

Currently, the use of stem cells in regenerative medicine
is a promising and challenging area. For more than 30
years, the topic of cell transplantation has been actively
studied in order to further apply such technology in TBI
treatment. To date, two main hypotheses of the effectiveness
of such treatment are described. According to the first one,
the transplanted cells have the ability to differentiate into
functionally active neurons and glial cells in the lesion,
thereby contributing to the restoration of damaged tissue
integrity and functionality. According to the second, cells
produce various factors, which, in turn, contribute to the
inhibition of tissue degeneration, stimulate the restoration
of the microenvironment of the damaged central nervous
system and regeneration [16]. Literature describes the use
of NSC, iPSC and MSC for TBI treatment. Preclinical
studies also confirmed the effectiveness of the use of any
of the above-mentioned cell types [17].

Loss of functionally active nerve tissue is the most
common injury in TBI. Given the limited population
of endogenous NSCs, transplantation of exogenous
stem cells into damaged areas of the brain is a truly
promising method of TBI therapy [15]. It is known
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Fig. 1. Cellular response to damage caused by TBI. The red arrows show autocrine and paracrine effects,
the blue arrows show the effects of astrocytes and microglia on neurons, according to Chiu et al., 2016, modified [10]

that the implantation of NSCs in the central nervous
system stimulates the processes of neurogenesis and
regeneration of damaged tissue. Transplanted NSCs
are able to self-renew and differentiate into neurons,
astrocytes and oligodendrocytes. At the same time,
obtained neurons take an active part in the restoration of
nervous tissue, while astrocytes and oligodendrocytes are
involved in the processes of remyelination, maintaining
trophic function and stimulating the restoration of the
surrounding neural cells. Improvement of cognitive
functions during NSC transplantation is associated with
increased synaptogenesis. Implanted NSCs are also able
to enhance angiogenesis by increasing the expression
of vascular endothelial growth factor (VEGF), reduce
astrogliosis and proinflammatory cytokines secretion [18].

Today, embryonic stem cells are considered
a promising source for the treatment of various
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diseases, due to the cells’ high plasticity, their ability
to differentiate into all three germ sheets (endoderm,
mesoderm and ectoderm) and to unlimited self-
renewal [19]. One study demonstrated a decrease in the
volume of the damaged area, astrogliosis decrease and
motor functions improvement during transplantation of
embryonic NSCs to rats in a TBI model [20]. In addition,
it is interesting to note that human NSCs (hNSC)
transplanted to immunodeficient rats are able to survive
for six months after administration, differentiating into
mature neurons, astrocytes and oligodendrocytes. It
is assumed that hNSC transplantation can become
an effective therapy for the restoration of cognitive
functions after brain injury [21].

As is known, the use of embryonic materials in cell
therapy is undesirable for ethical reasons; therefore,
special attention of scientists in recent years has been
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focused on the study of iPSCs. To obtain iPSCs from
somatic cells, the technique described by Yamanaka’s
group in 2006 is most often used [17, 22]. It is important
that iPSCs have a high proliferative potential and are
able to give rise to all three germ leaves. It is equally
important that iPSCs are ideal candidates for autologous
cell therapy, because they can be obtained individually,
directly from patients. All this makes it possible to
avoid both problems related to immune rejection of
the transplant and ethical problems [15]. Literature
describes studies where IPSC cell therapy helps to
improve motor activity and restore cognitive function
in TBI [23, 24]. Nevertheless, the use of iPSCs in cell
therapy has its limitations, which are associated with
high tumorigenicity, difficulty of obtaining iPSCs and
high cost of therapy [16, 17].

As recent studies have shown, MSCs also have
potential in the treatment of TBI, due to their anti-
inflammatory and anti-apoptotic properties. MSCs are
multipotent stem cells with the ability to self-renew
and multi-differentiate. Since they are present in many
tissues of our body, they can be isolated from various
sources: bone marrow, skeletal muscles, adipose tissue,
and peripheral blood. In different microenvironments,
MSC:s differentiate into mesodermal cells and tissues.
It is known that MSCs have a number of advantages,
the main of which are their easy production, low
immunogenicity, high regenerative potential even after
freezing, as well as their ability to migrate to the lesion
site. These characteristics make MSCs a promising tool
for TBI therapy [25]. Studies have shown that when
MSC:s are transplanted directly into the injury area
or using intravenous or intraarterial injections during
the acute, subacute or chronic phases of TBI, there is
a significant decrease in neurological deficits of motor
and cognitive functions [15, 26]. In addition, clinical
trials on the use of MSCs as TBI therapy demonstrated
that MSCs contribute to the regeneration of brain
tissue [27] and improve motor functions [28].

The introduction of stem cells directly into the lesion is
an extremely difficult process, which is associated with the
complexity of the delivery procedure itself and the risks of
systemic side effects. At the same time, the disadvantages
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of intravenous and intraarterial administration are high
risks of a generalized immune response [29].

To date, there is increasing evidence indicating
the importance of paracrine signaling by transplanted
cells as a mechanism supporting the repair of damaged
tissues. That is why the focus of research has shifted to
the use of products secreted by stem cells: neurotrophic
factors, complexes of biologically active molecules
obtained from conditioned media, or extracellular
vesicles. This approach avoids both ethical problems
of cell transplantation and the problems associated with
immune rejection of the injected material [19, 30, 31].

It is interesting to consider the use of the secretome
and extracellular vesicles (EV) of stem cells in TBI
therapy. There is evidence from literature sources that,
for example, in the pig TBI model, the use of extracellular
vesicles produced by human MSCs (MSC-EV) helps
to reduce edema and partially restore the integrity of
the blood-brain barrier [32]. While in the rat model
of TBI, the use of MSC-EV improves cognitive and
sensorimotor functions, reduces neuroinflammation and
death of hippocampal neurons. At the same time, there
is a significant increase in the population of endothelial
cells in the damaged area, as well as an increase in the
number of new immature neurons in the dentate gyrus
of the hippocampus, which emphasizes the involvement
of EV in the induction of angiogenesis and neurogenesis
[33, 34]. In addition, it is known that nanoscale membrane
vesicles of MSCs, called exosomes, are capable of having
anti-apoptotic, immunomodulatory and neuroprotective
effects. The latter, in particular, is due to the induction of
the transformation of the proinflammatory phenotype of
microglia into an anti-inflammatory one, which is largely
due to a decrease in the level of IL-1f3 [35]. It is important
to note that MSC secretome also has a therapeutic effect,
which was demonstrated in a rat model of TBI. It has been
shown that MSC secretome has an anti-inflammatory
effect, due to switching of M1 microglia phenotype to
M2, which, in turn, is associated with interleukin-10
(IL-10), being part of the secretome [36].

Literature describes positive paracrine effect not
only of MSCs, but also of other types of stem cells. For
example, it is known that intravenous administration of
extracellular vesicles of NSC (NSC-EV) to rats with
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TBI has a neuroprotective effect, promotes restoration of
motor function in animals and migration of endogenous
NSC:s to the lesion [37]. At the same time, the effect of
the use of NSC-EV is sex-dependent: males have a much
more pronounced therapeutic effect than females [38].
In addition, it is known that NSC exosomes are able
to penetrate the blood-brain barrier, inhibit apoptosis,
suppress inflammation and regulate autophagy [39]. It
has been shown that the target of miR-1246 microRNA
included in NSC exosomes is the p53 protein, which, in
turn, takes an active part in the regulation of apoptosis and
the cell cycle [39, 40]. MiR-21a, another microRNA of
NSC exosomes, initiates cell differentiation and promotes
regeneration of nervous tissue [41]. In addition to the
above, it has been demonstrated that the use of NSC
exosomes leads to a decreased affected area of the brain
in the rat model of TBI and activates the process of
angiogenesis, which is especially noticeable in males [37].

Conclusion

TBI is an important medical problem with serious
consequences for health and quality of life. TBI triggers
complex cellular mechanisms, including activation
of various cell types. Traumatic exposure provokes
microglia and astrocytes activation, which leads to
the secretion of cytokines, interleukins and other
inflammatory mediators. TBI activates a systemic
inflammatory response, which is accompanied by
the migration of leukocytes, such as neutrophils and
monocytes, to the injury area. At the same time,
damaging effects can initiate the proliferation of
neural stem cells in certain areas of the brain, which
can contribute to the formation of new neurons and
maintain brain plasticity.

Despite significant advances in the diagnosis and
primary therapy of TBI, rehabilitation and recovery
methods are still not effective enough. Cell therapy is
a promising approach aimed at regenerative processes
and restoration of brain functions. However, despite the
prospects, additional research is needed to optimize the
use of cell therapy in clinical practice. The issues of
safety, efficacy and selection of suitable cellular sources
require further research.
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Summarizing all the above, it can be noted that
today profound knowledge of the cellular and molecular
processes underlying the pathogenesis of TBI, allows
us to consider direct cell transplantation and the use
of products secreted by them as a promising method
of TBI therapy.
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qepeI'IHO'MO3FOBa$I TpaBMa: OCHOBHbI€ KJ1IeTO4YHbI€ MeXaHU3Mbl
N HOBbI€ NoaxoAabl K Tepanuu
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AnHoranmsa. YepenHo-mo3sroas TpaBma (HUMT) npecTaBsisieT Cepbe3HyH0 MeJULUHCKYO Tpo6/ieMy U SIBISIeTCS OHOM
13 BeJyLUX IIPUYMH UHBA/IUIHOCTU U CMEPTHOCTU CpeJy BOCHHOCTY KAaLlUX U IPaKAAHCKOI0 HacesieHust. 1I3BeCTHO, UTo exe-
rogHo B Mupe ot YMT norubaet nopsizika 1,5 M/TH yesioBeK, TIPY 3TOM 0KOJIO 2,5—3 MJTH TepSIOT TpyAocnocobHocTh. B Poccru
Kaxapii rog UM T ararHocTupyercsi y 1 MiTH 4eroBeK, Cpefjii KOTOPBIX KaK/[bIi IISTBIN CTAaHOBUTCS MHBa/MA0M I vw II rpyrmst.
HecMmoTps Ha 3HaUMTe/bHBIE YCU/IMS B 00/1aCTH MCc/ieoBaHUH 3¢ deKTHBHBIe MeTo bl edeHuss UMT 710 CHX TOp OCTaloTCS
orpaHWYeHHbIMH, Tak Kak YMT xapakrepusyeTcsi IIMPOKUM CITIEKTPOM TaTOJIOTUYECKHUX U3MEeHEeHHH B TKaHSX T'0JIOBHOTO
Mos3ra. [TepBUYHOe TIOBpeXKjeHre rOJIOBHOTO MO3ra Ipe/CTaB/isieT co00l 0CTpoe ¥ HeoOpaTHMOe MeXaHHUeCKOe MOBPEXXAeH! e
TapeHXUMbl HepBHOH TKaHU. [Toc/ieiyrolye mporjecchl BTOPUYHOTO BK/TIOUAIOT B ce0st SKCAHTOTOKCUYHOCTb, MUTOXOH/ZIPHATBHYIO
IuChYHKLMIO, OKACIATEIbHBIA CTPeCC, lereHepaljiio akCOHOB M HelpoBoCIiasieHHe. DT MPOLIeCChl YaCTO pacTArUBalOTCS
BO BpeMeHH M MOTYT 3aHMMaThb OT HECKOJIbKUX JJHEH /10 HeCKO/IbKUX JieT. HelaBHMe OCTHKeHHs B 00/1aCTH K/IeTOYHOM Tepanuu
OTKDBIBAIOT HOBBIE TIePCIIEKTHBHI /IS TEPAIMK 3TOTO COCTOsIHYSA. B TaHHOM 0630pe pacCMOTpPeHbI OCHOBHBIE K/IeTOUHbIE MEXaHU3MbI
ocTpoii 1 xpoHuueckoi (a3 UMT, a Takke IIepCIIEKTHBEI IPUMEHEeHNs CTBOJIOBBIX K/I€TOK I/l TepaIiy JAHHOTO 3a00/1eBaHusl.
[pexcrapneH aHanu3 Moc/IeJHAX UCCeA0BaHMH, TOCBSIeHHbIX IPIMeHeHHI0 KiieToyHo# Tepanyu ipy UMT. PaccmarprBaroTcst
pa3nuyHbIe TUTTBI CTBOJIOBBIX K/IETOK, TaKHe KaK HelpasbHble CTBOJIOBBIE KIeTKH, Me3eHXMMabHbIe CTPOMasIbHble KIIeTKU
Y IpyTHe B KOHTEKCTe WX TOTeHL[Haa Jijisi BOCCTaHOBJIeHHUS MOBPEX/JeHHBIX TKaHel Mo3ra. Oco6oe BHUMaHUe yAemsieTcst
MeXaHH3MaM /IefICTBYSI KJIETOK B ITPOLIeCCe pereHepaliyy, BK/IFOUast UX B/IMsSHUe Ha BOCIaneHue, HeliporeHes, M CHHANITUYeCKYIO
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Ponb HenponenTuaoB Cemakc n CenaHk B MoAynsiLUK
KJIETOYHOIro 3B€Ha UMMYHUTETA B YCJ/IOBUSIX 0XKOrOBOM TPaBMbl KOXXHU

A K. AxuxoBa' ~ = M.A. CamotpyeBa' ', JI.LA. AnjpeeBa’ ~, H.®. MsicoenoB?

! AcTpaxaHCKU¥ roCy/japCTBeHHbIN MeULIMHCKUI YHUBEPCUTET, 2. AcmpaxaHb, Poccutickas ®edepayus
2VIHCTUTYT MOJIEKY/ISIPHOM reHeTHKY HallMoHaIbHOTO UCCIe[oBaTebCKOTO 1ieHTpa «KypuaToBCKuii MHCTUTYT», 2. Mockea,
Poccutickas ®@edepayus
X alfia-imacheva@mail.ru

AnnoTanus. B pabote onucaHbl pe3ysibTaThl BAUSHUSA HelpornenTuaHbix coequHennii Cemakce u CelaHK B MOJYJISALIUM
HapylleHHH KJIeTOYHOTO 3BeHa MMMYHUTETA B YC/IOBUSIX SKCIIEPUMEHTATIbHOTO 0’KOTOBOT'0 BO3eiicTBus. Lenb ucciedosaHus —
n3yuenue BausiHUsl Cemakca v CeaHKa Ha KOJTMUECTBO JIEHKOLIUTOB U )aroLiTapHyto aKTUBHOCTb HEUTPOGHIIOB OesTbIX KPbIC
B YC/IOBUSIX TEDMHUECKOH TPaBMbI KOXKH. Mamepuabl u Memoobl. O3KOTOBYIO TPaBMY Y KPbIC-CAMI[OB 6—8-MeCSUHOTO Bo3pacTa
MO/Ie/TUPOBAJTH BO3/|eiCTBIEM HarpeTOro MeJHOTO TpeJiMeTa Ha MEXK/IONaTOYHY0 00/1acTh CITUHBI B YCJIOBUSIX C1aboit a¢hupHOH
HapKoTu3aiuu. JITabopaTtopHbie >KUBOTHBIE ObLIM Pa3Zie/ieHbl Ha TPYIIIbI: KOHTPOJIbHYH0 — UHTAKTHBIE )KUBOTHbIE; KUBOTHBIE,
TIOJBEPIILINeCs 0)KOTOBOMY BO3/IeMCTBHUIO M He TIO/TyYaBliIle CPeJiCTBa KOPPeKLMH B TeueHue 2 U 14 qHell 1ocsie TpPaBMBI; JKU-
BOTHBbIE, TIO/IBEPTIIIIeCs 0)KOTOBOMY BO3/IeMCTBHIO U TojTyuaBiirie CeMakc; >KUBOTHBIe, T10/IBeprirecs 0’KOTOBOMY BO3ZIeHCTBHIO
v nonyyaBuve CenaHk. VIHbeKIMM HeliporienTH0B B f03ax 100 MKI/KT/CyT TIPOBOJW/IM BHYTPUOPIOIIIMHHO ©KeJHEBHO B TeUEHHe
14 nHell c MOMeHTa MOJ,e/IMPOBaHUs TepMUUECKOr0 okora. [11 M3yueHus [oKa3areseld UMMYHHUTETa MPOU3BOANIIN MOACYET
KOJIMUEeCTBA JIEMKOLIMTOB U TMPOLIEHTHOTO COZlep>KaHusl IMMQOLIUTOB, Ma/I0UKO- ¥ CeTMeHTOsIIePHBIX HEUTPOGHIIOB, a TaKKe
OL|eHMBa/H (haroUTapHyI0 aKTUBHOCTh HEHTPOGUIIOB. Pe3yabmambi u 06cysicOeHue. YCTaHOBIEHO, UTO B YC/IOBUSIX KCIIepU-
MEHTAaJ/IbHOTO 0’KOTOBOT0 BO3/IeMCTBUS POMCXOAUT yBeIMUeHHe IoKa3areseil KIIeTOUHOTo 3BeHa UMMYHUTeTa: arouTapHon
aKTMBHOCTU HeUTpO(UIOB, aroiiuTapHoro HAeKca, parolfuTapHOro Uncia, JeHKoLuTapHoro Ko3dduiirieHTa 1 KoJMuecTBa
nefikouuToB. CBU/IETENECTBOM aKTHUBAL[Y IPaHy/IO0LUTO00pa30BaHUs IBUIOCH MOBBIIEHKE Ma/I0UKOsiIePHBIX (HOPM JIEHKOLIUTOB
(caoBur nedKoLMTapHOU (hOPMY/IbI B/IEBO). BBeZieHre BHYTPUOPIOIIMHHBIX UHBEKLIMN HEMPOTIENTHUAHBIX TipernapaToB CeMakc
1 CestaHk Ha ()OHE TEPMUUECKOKM TPABMBI KOXKH CITOCOOCTBOBAIO KOPPEKLIMY HabM0jaeMbIX U3MeHEeHHH CO CTOPOHBI MTOKa3aresied
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Gesoli KpOBY U PyHKLIMOHAIBHOW aKTUBHOCTH HEMTPOGH/IOB. BbigoObl. B yC/IOBUSIX 0’KOrOBOM paHbI KOXKH )KMBOTHBIX Ha (hoHe
TIpUMeHeHUs] HeMpOTenTUAHBIX coeguHeHnit CeMakc v CelaHK BOCCTaHAB/IUBAIOTCS AUC(YHKIIMOHAIBHEIE TIpeobpa3oBaHus
MMMYHOKOMIIETEHTHBIX K/IeTOK, UTO MOZTBEPsKAaeT KOMIIJIEKCHOe B/IMSTHUE Ha CHCTeMHble HapylleHHs Ha ¢oHe JI0OKaIbHOTo
CTPEeCCOBOTI0 BO3JelCTBUs, @ UMeHHO IposiBjieHre CemakcoM U CelaHKOM UIMMYHOKOPpPUrHpYtolero s¢dekra.

KiroueBble c/10Ba: 0>KOroBasi TpaBMa, KoxKa, K/IeTOUHOe 3BeHO IMMYHUTeTa, JIeHKOLUTHI, (paronjuTapHasi akTUBHOCTD,
HeliponenTuiHble coequHeHus1, Cemakc, CeylaHK
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[Tocrynuna 21.12.2023. ITpunsra 07.02.2024.
Jins puTupoBanus: Axcukoea A.K., Camompyega M.A., AHopeega JI.A., Msacoedos H.®. Posb HeliponenTyzioB CemMakc

n CeslaHK B MOZIY/ISILIMHM KJIETOYHOTO 3B€Ha UIMMYHHUTETA B YCJIOBUSIX 0’KOTOBOW TPaBMbI KOXKH // BecTHUK Poccuriickoro yHHUBep-
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Role of Semax and Selank neuropeptides in modulating cell-mediated
immunity in the setting of skin burn injury

Alfiya K. Azhikova' ‘g, Marina A. Samotrueva! ,

Lyudmila A. Andreeva®? —, Nikolay F. Myasoedov?

! Astrakhan State Medical University, Astrakhan, Russian Federation
2 Kurchatov Institute, Institute of Molecular Genetics, Moscow, Russian Federation
DX alfia-imacheva@mail.ru

Abstract. Relevance. The work describes the results of neuropeptide compounds Semax and Selank in modulating disorders
of the cellular link of immunity under experimental burn exposure. The aim — to study the effect of Semax and Selank on the
number of white blood cells and phagocytic activity of neutrophils of white rats under experimental burn exposure. Materials and
Methods. Burn injury in male rats of 6-8 months of age was modeled by exposure to a heated copper object on the interscapular
region of the back under conditions of weak ethereal narcosis. Laboratory animals were divided into groups: control — intact
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animals; animals exposed to burns and not treated burn-exposed animals treated with Semax; animals exposed to burn and
treated with Selank. Neuropeptide injections at 100 pg/kg/day were performed intraperitoneally daily for 14 days from thermal
burn simulation. To study the immunity parameters, the number of white blood cells and the percentage of lymphocytes, rod
and segmented neutrophils were calculated, and the phagocytic activity of neutrophils was assessed. Results and Discussion. It
was established that under the conditions of experimental burn exposure, there is an increase in the parameters of the cellular
link of immunity: phagocytic activity of neutrophils, phagocytic index, phagocytic number, leukocytic coefficient and number
of leukocytes. The activation of granulocyte formation was evidenced by an increase in the rod-nucleating forms of leukocytes
(shift of the leukocyte formula to the left). Intraperitoneal injections of the neuropeptide drugs Semax and Selank against the
background of thermal skin injury contributed to the correction of the observed changes in white blood parameters and functional
neutrophil activity. Conclusion. Thus, under the conditions of a skin burn wound with the use of neuropeptide compounds Semax
and Selank, dysfunctional transformations of immunocompetent cells are restored, which confirms the complex effect of Semax
and Selank on systemic disorders against the background of local stress, namely, the manifestation.

Keywords: thermal injury, skin, cellular immune units, white blood cells, phagocytic activity, neuropeptide compounds,
Semax; Selank
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BeepneHue

B ycnoBusix 0>koroBoro rnoBpeskieHust KoK MOp-
(hodyHKIMOHA/BHBIE U AUCTPO(PUUEeCKre N3MeHeHHs
3aTparvMBaroT He TOJIBKO IOBPEeXX/eHHbIX YUaCTKOB
KOXXW, HO ¥ OpraHbl Pery/siTOPHbIX CUCTEM rOMeoCTasa
(HepBHOM, UMMYHHOM, SHA0KpYHHO#) [1-3]. [Tpu 3TOM
3aryCKarollyt0 POJ/ib BBIMIOHSIET UIMMYHHAas CUCTeMa:
B Oyare BOCI1a/IeHHs He3aMe//IMTeIbHO TPOUCXOAUT
VMH(UIBTPALYS TIEMKOLUTaMU, B CBSI3U C YeM aKTHBHU-
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3UPYIOTCS a/JallTUBHO-BOCCTAaHOBUTE/IbHbBIE TIPOLIECChI
B BH/Ie KOOIlepalii UMMYHOKOMITETEHTHBIX KJIeTOK
B IMMYHHOM OTBeTe [4—7]. [loATBep>KeHreM yuacCTUst
VIMMYHHOM CUCTeMsl B IpoLjeccax perapaTvBHOM pe-
reHepaly KOXKU SIB/ISIeTCsI BOCIa/ieHre KaK TKaHeBast
peakiysi opraHm3ma Ha roBpexxeHue [8—13]. ITatoreHe3
0’KOTOBOM TpaBMbI OIOCPe0BaH HEMPOUMMYHHO3H-
JJOKPUHHBIMU HapyllIeHUsIMH, BO3HUKAIOIIUMHU KaK
TIpOSiB/IEHHE JUCPETYIISALMU TOMeoCTasa Mpyu 0)KOrOBOM

MMMYHOOT 1A



Azhikova AK et al. RUDN Journal of Medicine. 2024;28(2)

TIOBPEeXX/IeHUH KOXKU U COTIPOBOXK/IAOLIMH TeueHue
NoCc/IekoroBoro nepuoza [ 14-16]. 3to obyciamiBaeT
HeoOX0AMMOCTE CHCTEMHOTO TTOAX0/ia B CTUMYJISILIUN
CTPYKTYPHO-(YHKLIMOHA/IbHBIX MPOLIECCOB B KOXKe MPU
naTo(r310I0rMueCcKUX COCTOSHUSX. Y UUThIBast IIPSIMOe
pearvpoBaHye UMMYHOKOMIIETEHTHBIX K/IETOK B JIMKBU-
Jaluio (yHKIMOHA/IBHBIX HapyLleHnH 1 UMMYHHOTO
aucbanaHca B ocsieokoroBom niepuoge [17-20], Hayu-
HbII MHTepeC Mpe/CTaB/IsieT BOMPOC O (PU3UO0I0rHUeCKOM
BOBJ/IEUEHHOCTH M aKTHBHOCTH KJ/IETOUHOT'O 3BEHA UMMY-
HUTeTa B YC/IOBUSIX SKCIIePUMEHTA/IbHOTO 0)KOTOBOTO
BO3/IeICTBUS B XOJje NTOC/Ie0’KOT0BOM BOCIIA/IUTE/IbHO-
pereHepaTMBHOM peakLjUy U Ha (hoHe ee KOppeKLUH.

B nocnepHue roasl BHUMaHUe UCCae[0BaTenei
NpuB/ieKaeT U3yueHue apMakonoruueckux 3¢ ¢peKron
JIeKapCTBEHHBIX TPeraparoB, 00/1aIar0IX CUCTeMHBIM
JielicTBreM Ha (oHe pa3/TMYHBIX JIOKa/IbHbIX JUCHYHK-
LIMOHA/bHBIX HapylleHud. K unciy Takux cpefcTB
koppekiuu otTHocAT Cemakc (Met-Glu-His-Phe-Pro-
Gly-Pro) u Cenask (Thr—Lys—Pro—-Arg—Pro—Gly—Pro).
[MokasaHo 3¢ deKTHBHOEe IPUMeHeHHe U TOTUIIOTEHTHOe
JelicTBre (HeMpOTPOITHOEe, UMMYHOMOZY/IMpPYIOLLee,
HelpOoIpOTeKTUBHOE, HOOTPOITHOE, TICUXOTPOITHOE)
npernapatoB Cemakc 1 CeMakc Ha (pOHe pa3TUUYHbIX
CTpecCOreHHbIX BO3/IeHCTBUI. B uTepaType uMmeroTcs
cBezieHus 0 (pr3ronornveckux 3¢ dekrax 3asBIeHHBIX
HelponenTHAHBIX MpernapaToB, OIHAKO Hel0CTaTOUuHO
JJaHHBIX 0 KOPPEKI[MU CUCTEMHBIX TTpeo0pa30oBaHuit
B YCJIOBUSIX O)KOTOBOW TpaBMbI KOXKU. BhIsiB/ieHre HO-
BbIX 3pekToB CeMakc U CeJlaHK BbI3bIBaeT HayYHbIN
MHTepec U MMeeT BbICOKYIO IPaKTUUeCKYt0 3HAYUMOCTb.

Ienb uccnegoBaHus — U3yuyeHre BIUSHUS
HelpornenTuAHbIX coefrHeHui Cemakc 1 CeslaHK Ha
(yHKLIMOHA/IbHbIE BO3MOKHOCTH KJIETOYHOTO 3BeHa
UMMYHUTeTa OesbIX KPbIC B YCJIOBHUSIX SKCTIepUMEH-
Ta/IbHOTO 0KOTOBOT'O BO3/I€HCTBHSI.

MaTepman bl U ME€TOA Dbl

UccnenoBaHre MPOBOIU/IN HAa HeJTMHEUHBIX
KpbICax-camIiaX, KOTOPBIX COZlepKald B TJIACTUKOBBIX
KJ/IeTKax, pa3/ie/IeHHbIX TIePeropojiKoi, 0 iBe 0CO0H
B K&)K/IOW C OIMW/IKOBOM MOACTH/IKOM B YCJIOBUSIX ecTe-
CTBEHHOTO OCBeIll|eHUsI TIPU I0CTYTIe K Bojie U MHUITIe,
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TIpu TeMrieparype Bo3ayxa +18-22 °C u BIaKHOCTH
60 £ 5 %. Bce npotie1ypbl BBITIO/IHSN B COOTBETCTBUN
c TpebOBaHMSIMK T'YMaHHOTO OTHOIIEHHS K YKUBOTHBIM
TI0JI0)KeHN X eTbCUHKCKOM Jleksiapaiyu (1964-2013),
ITpukasa Munszapasa Poccuy Ne 1991 ot 01.04.2016 1@
«O0 yTBepyK/IeHUH TIPaBHT Ha|IeKatllel 17abopaTopHoi
nipakTuku» (GLP).

PanjomMu3ariyst 1abopaTopHbBIX KphIC ObUTa orpe-
JiefieHa cre[yroIM obpa3oM: KOHTPOJIbHAs TPyTIa —
VIHTaKTHBbIE )KUBOTHbIE (N=10) 1 OMbITHbIE TPyl —
JKUBOTHBI€, [10/IBEPI1LIMeCs] 0’KOTOBOMY BO3/IEICTBUIO U He
TO/TyvaBllIMe Cpe/iCTBa KoppeKLuH («OrkoroBasi TpaBMa
6e3 koppekipn») (n=10) (Ha 2 1 14 CyTKH); )KUBOTHBIE,
TO/TyuaBliMe Ha (POHEe 0’KOrOBOW paHbl KOXKU HAPY>KHbIE
aITIMKALA ¥ BHYTPUOPIOLIMHHBIE HHBEKIM CeMakca
B 03e 100 mkr/kr (n = 10) («O>xorosast TpaBMa + Ce-
Makc»); [V rpyrina — >KMBOTHbIe, TIO/Ty4aBIive Ha (hoHe
0KOTOBOM paHbl KO)KM Hapy>KHbIe arTuIMKalyy U BHY-
TpUOpIOIIMHHBIE UHBEKIMK CenaHka B f03e 100 MKr/
Kr (n=10) («O>koroBasi TpaBma + CenaHk»). BBenieHve
HeMpomnenTHAHBIX CyOCTaHLMI TPOBOAUIN HAaPYKHO
Y BHYTPUOPIOIIIMHHO e>KeJHEBHO B TeueHUe 14 nHeit
C MOMeHTa MO/Ie/IMPOBaHus TEPMUUECKOr0 OKora B fle-
MTATMPOBAaHHOM MeJK/IOTIaTOuHOM 06acTul Kpbic. st
OLIeHKV UMMYHHOM CHCTeMbI )KUBOTHBIX BBIBOZAW/IU U3
JKCIieprMeHTa Ha 15 CyTKM Moc/ie TEpMUUECKOTr0 OKOra.
Vi3yyeHre BO3MO>KHOM KOPPEKIIMOHHOM CII0COOHOCTH
HeMpOIeNTUIHbIX TPerapaToB MPOBOAW/IM HA OCHOBaHUN
TIOKa3aresiel K/IeTOUHOro 3BeHa IMMYHUTeTa: (haroLyrap-
HOM CTTIOCOOHOCTH HEUTPOMhUIIOB, KOJTMUECTBEHHOTO 1 TIPO-
LIEHTHOT'O COOTHOLLIEHUS OT/Ie/TbHBIX ()OPM JIeMKOLIUTOB.

®daroIMTapHyr0 aKkTUBHOCTL HEUTPO(HUIIOB orpe/ie-
JISTY TI0 UMC/Ty Herpoduios c arekcoM u3 100 (carorm-
TapHbIN MH/IEKC) Y YUCTy YaCTHL] JIaTeKca, pa3je/ieHHoe
Ha 100 (darormrapHoe uncsio). CUnuTaIM Yncsio Gesbix
KPOBSIHBIX K/IETOK Y MIPOLIEHTHBINM YPOBEHb JTMM(OLIMTOB,
Ta/IOUKOsIZIePHBIX Y CETMEHTOsIZIePHBIX HeMTPO(HIIOB.

[py n3yueHnH aroLMTapHON aKTUBHOCTU HEUTPO-
(b110B KPOBM KPbIC B (JOHOBBIX YC/IOBUSIX, B YC/IOBUSIX
O’KOTOBOM paHbl KoKW U Ha (poHe npuMeHeHUs Cemakca
1 CeslaHKa KpOBb COOMpasu TIpy JieKanuTalyu 1 00aB-
JIsinu renapvH. JlanbHelnye npoiefypbl POBOAUIN
10 CTaHJapTHBIM MeTOAUKaM IMOCTaHOBKHU peakLiu1
(haronuTo3a.
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[lnst omipesiesieHKs1 CoziepKaHust 00IIIeTo KOTMuecTBa
nevkormtoB (10°%m) ¥ IPOIIEHTHOTO COOTHOIIIEHUS OT-
JleJIbHBIX (hOPM JIEMKOLIUTOB, BXOJSAILMX B JIEWKOL[UTAp-
Hyto dopmyny KpoBH (B %), IPUMEHSITH CTaH/|apTHhIE
METOUKH.

CrarucTrhyeCcKuil aHaau3 pe3y/ibTaToB UCCIeo-
BaHUs TTPOBOAU/IN B UCIT0/Ib30BaHNEM TTPOTPaMMbI
Microsoft Office Excel 2007 (Microsoft, CIIIA),
TIpUMeHsIH t-KpuTepuid CThbiO/IeHTa TIPU YPOBHE ZI0-
croBepHocTU p<0,05.

PesynbTaTbl U 06CYy)XaeHue

B ycnoBUsiX 5KCIiepuMeHTa/bHOTO 0)KOTOBOTO
BO3/IeMCTBUST HAaO/TFOJa/Id U3MeHeHHsl parouTapHOM
aKTUBHOCTHU HEMTPO(UIOB, YTO CBU/IETE/ILCTBOBAJIO
0 rUMeppeakTUBHOCTH U HapYLIeHUsX Hecreluduue-
CKOTO 3B€Ha MMMYHHOM crcTeMsbl. Ha 2 cyTku nocrie
0’KOTOBOTO BO3/IeMCTBUS Y KPBIC BBISBUIN YBeTUYeHHe
3HaueHui aronuTapHoro nHaekca (PN) Ha 60 %
(p<0,001) u paroumrapHoro uncna (PYU) Ha 70 %
(p<0,001) Mo cpaBHEHHIO C KOHTPOJILHBIMH MOKa3aTe-
nsivu. Uepe3s 2 HeJie/u 1OC/Ie 0KOrOBOM TPaBMbI Y KPbIC,
He T0J1yYaBIlIMX CPeJCTB KOPPeKL1H, (aroLuTapHas
aKTHBHOCTb COXPaHs/aCh MPU BbICOKUX 3HAUEHU-
SIX ¥ CHVDKaach He Oostee, uem Ha 10 % (p <0,05),
B OTHOILLIEHUU ITUX 3HAUEHUMN Y KUBOTHBIX TPYTITIbI

«OrkoroBasi TpaBMa 6e3 KOppeKIMY Ha 2 CYyTKU TI0CIIe
oxora» (Tabsura 1).

BBeieH1e BHYTPHUOPIOIIMHHBIX MHBEKLMI Helpo-
MenTUAHOro npenapara CeMakc IpY 0’KOrOBOM TPaBMe
KO)XKU TIPUBOZMJIO K CHIDKEHUIO TT0Ka3aTesield (harouurap-
HOM aKTUBHOCTH HEUTPO(UIOB — (ParoLjuTapHOro umcia
Ha 15 % (p>0,05) ro cpaBHeHUtO ¢ rpynmnou «OxxoroBast
TpaBMa 0e3 KOppeKL[UM Ha 2 CyTKW», a Takke Ha 10 %
(p<0,05) o cpaBHeHUIO € rpymrou «Oxxorosast TpaBMa
6e3 Koppekuu Ha 14 CyTKu».

Ha ¢one npumeHenyst CenaHka B yCJIOBUSIX OKOTOBOM
TPaBMbI KO)KU ITPOMCXOZWIIO yMeHbLIeHHe (aroLUTapHOn
criocobHocTH KiieTok Ha 20 % (p<0,01) 1o cpaBHeHHIO
¢ rpyrmoit «OkoroBasi TpaBMa 0e3 KOPPeKIIMY Ha 2 CYTK»
uHa 15 % (p>0,05) ro cpaBHeHutO € rpymmoy «OXorosast
TpaBMa 6e3 KOppeKLK Ha 14 CyTKu».

darouyTapHblii UHAEKC TIpy JeiictBun Cemakca
ymeHbInscs Ha 15 % (p>0,05), a npu BausiHum Ce-
JaHka —Ha 25 % (p>0,01), o cpaBHeHUIO C TPYIIIOMN
«OpkoroBasi TpaBMa 6e3 KOppeKLMH Ha 2 CyTKu». AHa-
JIM3UPYS U3MeHEeHHsI OTHOCUTE/TbHO IPyMIibl «O>KoroBast
TpaBMa 0e3 KOppeKLyy Ha 14 CyTKu», TaKKe yCTaHOB-
JIeHbI I0CTOBEpHbIe Pa3/InuMsl, CBU/|eTe/IbCTBYIOLIE
0 HelponenTUAHOW KOPPeKLMY HapylleHul (arouuy-
TapHOW aKTUBHOCTH HelTpodusios (Tabuiia 1).

Ta6bnuya 1/ Table 1

OueHka BnusiHus Cemakca u CenaHka Ha arouuTapHylo akTUBHOCTb HEUTPOGUIIOB B YCIIOBUSIX OXKOrOBOi TPAaBMbl KOXXU/
Assessment of the Effect of Semax and Selank on Phagocytic Activity of Neutrophils in the Context of Burn Injury of skin

9KcnepuMeHTasnbHble Fpynmbl «Oxorosas TpaBma :;?::3(;:28622 «OT + CeMakcs «OT + CenaHk»
(n=10)/ Animal Group (n = 10) KomTbons/ (g??)):(:gpzegu::(”“ koppekumn (OT)» | Ha 14 cyTku nocne Ha ;gccj_ly;m
Cor?trol nocne 0>K0ray[21] / Ha 14 cyTku axora/«Burn of oxora/«Burn of
Mokasatenm (M + m)/ «Burn of skin» nocne oxora/ skin +Semax» skin + Selank»
Indicators (M £ m) 2 day after burn [21] 1:Bdl;r;aof1;esrkl|)nlj>m 14 day after bun 14 day after burn
baroumrapHbiit o | 137 %24 22,9 + 2,8%%* 223 £ 1,3* 21,6 + 14%## 18,4 + 1,8%##
uHgekc, %/phagocytic index (FI), %
‘Dar°””Tapn”uo:;;:rc(’;‘;/)phag°°yt'° 213 + 3, 37,1 1 3,7+ 34,6 + 4,8% 32,8 + 5,6%# 29,6 + 34%#

lMpumeyaHne: * —p < 0,05; ** —p < 0,07; *** — p< 0,007 — oTHOCUTENBHO rPynnbl «KOHTpONby», # — p <0,05; ## —p<0,07;
#it# — p < 0,001 — OTHOCKTENBHO MPYMMbI «OXKOroBas TpaBMa 6e3 KOPPEKLIMM Ha 2 CyTK» (t-KpuTepnii CTbrofEHTa C MOMpaBKoi BoHheppoHM)

Note: * —p < 0.05;* —p<0.01;*** —p< 0.001 —relative to control # —p < 0,05; ## —p < 0,01; ### — p < 0,007 —relative to the
Untreated Burn Injury group 2 day after burn (Student’s t-test with Bonferroni correction for multiple comparisons).
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Puc. 1. O6Liee 4ncno NenKoLMToB BNSHNUA B DOHOBbLIX YCIOBUAX, B YC/TOBUSAX OXOrOBOW TPaBMbl 1 Ha (OHE KOppeKLu
HerponenTuaHbIMK NpenapaTtammn Cemakc 1 Cenank

Fig. 1. Total Number of White Blood Cells of Influence in Background, Burn Injury,
and Neuropeptide Treatment with Semax and Selank

AHanu3upys nokasaresu JieWkoLuTapHoi (op-
MYJIbI, BBISIBJIEHO, UTO 0’KOTOBOE BO3/|elICTBUE WHU-
L[UMPOBAJIO yBeMueHue 00IIero yucsia JeHKoI[UTOB
B iepuhepryeckoii Kpou B 2,5 paza (p<0,001) (puc. 1).

Bb110 BBISIB/IEHO M3MeHeHHe TIoKa3aTeJis JIeMKOoLIY-
TapHOTro Ko3hduimenTa B 2 pa3a (p <0,001), oTHOCH-
TeTbHO 3HaueHWUM KOHTPObHOW MHTAKTHOW T'PYTITIBI.
Ha done npumenenusi Cemakca u CeJlaHKa JJaHHbBIN
TioKa3are/ib paBHO3HAUYHO U JOCTOBEPHO CHUYKAJICS Ha

14

-
=)

PPrumeHT

Leukocytic coefficient
-
5

FKOUMTaPHBIW KO3
ca

Ne

60 % (p<0,01) nmo cpaBHeHUtO ¢ rpynmnoi «Okoro-
Bast TpaBMa 0e3 KOppeKIUu Ha 2 cyTKu». CpaBHHUBast
roKasaresiv JeHKoLMTapHoro ko3 duiieHTa rpymm
«OpkoroBast TpaBMa 0e3 KOppeKLWH Ha 14 CyTKu rociie
oxora», Oxkorosast TpaBMa + CeMakc», «Oykorosast
TpaBma + CeJlaHK», OTMeUeHO, UYTO BBe/leHre Helpo-
MeNTHUAHBIX TIPerapaToB CII0COOCTBOBAJIO CHIKEHUIO
ero 3HaueHul B cpegHem Ha 40 % (p<0,001) (puc. 2).

8,4

B 4,4

KoHTponb Omor 2 cyTen

Omor 14 cythm Omor+Cemarc Omor+Cenanu

Control group 2 days after burn 14 days after burn Burn+Semax Burn+Selank

Puc. 2. 3HadeHre nerkoumTapHoro KoadduumeHTa B hOHOBbLIX YCNIOBUSAX, B YCIOBUSAX OXKOrOBOV TPaBMbl 1 Ha hoHe
KOppeKLnn HernponenTuaHbIMu npenapatammn Cemakc 1 CenanHk

Fig. 2. Value of leukocytic coefficient of Influence in Background, Burn Injury, and Neuropeptide Treatment with Semax and Selank
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Ha 2 cyTku TepMHueckoii TpaBMbl KOKU KPbIC
B nepurdeprueCcKoii KpOBU HaOJIOAaMN yBeTnYeHne
yKC/ia Nalo0uKosiIepHbIX JIEMKOLIMTOB U IMM(OLIUTOB

110 CPAaBHEHHUIO C KOHTposeM. Yucio 303MHO(UI0B
Y CerMeHTOs/|ePHbIX HEUTPO(UIOB PE3KO YMeHbllIa-
n0ch [21] (Tabm. 2).

Ta6nuya 2/ Table 2

OueHKa BnusHua Cemakca U CenaHka Ha NoKa3aTenu neikouuTapHoi Gopmynbl B YCIOBUSIX 0XKOroBOM TPaBMbl KOXU/
Assessment of the Effect of Semax and Selank on the Leukocyte Formula in the Context of Burn Injury of skin

«Oxorosas «Oxorosas «OT + Cemakc» «OT + CenaHk»
JKcnepuMeH- TpaBMa 6e3 TpaBMma 6e3
- . Ha 14 cyTku nocne | Ha 14 cyTku nocne
TanbHble rpynnbl (n = 10)/Animal koppekuum (OT)» | koppekuum (OT)»
N KoHTtponsb [21]/ oxora/ oxora/
Groups (n= 10) Ha 2 cyTku nocne | Ha 14 cyTku nocne
Control [21] «Burn of «Burn of
Mokasatenu (M = m)/ oxora [21] /«Burn oxora/ . .
; ) . skin + Semax» skin + Selank»
Indicators (M + m) of skin» 2 day after «Burn of skin» 14 dav after burn 14 dav after burn
burn [21] 14 day after burn y y
dosuHodunbl, %/Eosinophils,% 6,2 + 0,7 1,4 £ 0,2*%* 2,6 £ 0,8** 4,2 + 0,3** 4,8 + 0,1**
ManoukosgepHble
HenTpodunbl, %/ 52 + 0,5 154 + 1,5%%* 12,4 + 1,5% 8,0 = 0,4%** 7,5 = 0,6%**
Stick-nuclear neutrophils,%
CermeHTOsIAEPHbIE
HelTpodunbl, %/ 174 £ 13 6,4 + 0,6%* 9,4 + 0,7* 12,5 + 0,2%* 13,0 + 0,3**
Segmentonuclear neutrophils, %
JiumdounTbl, %/Lymphocytes, % 703 + 59 73,8 £ 1,3** 59,4 + 7,6%* 60,5 + 0,6%* 67,3 £ 0,6%*
MoHouuTbl,%/Monocytes, % 20 +0,2 1,0 £ 0,2% 2,1 + 0,3** 2,4+ 0,1* 1,8 £ 0,2*

lNpumeyaHme: * —p < 0,05, ** —p < 0,07, *** — p< 0,001 — oTHOCUTENBHO rpynnbl «<KoHTpoNb», # —p < 0,05; ## —p < 0,01; ### —
p < 0,001 — oTHOCKTENBHO IPYMMbl «OXKOroBas TpaBMa 6e3 KOPPEKLIMM Ha 2 CyTKU» (t-kpuTepuii CTbrofeHTa ¢ NMonpaBkoi BoHheppoH#)

Note: * — p<0.05;** —p<0.01;,*** —p<0.001 —relative to control # — p < 0,05; ## — p < 0,07; ### — p < 0,001 — relative to the
Untreated Burn Injury group 2 day after burn (Student’s t-test with Bonferroni correction for multiple comparisons).

B ycoBusix 0)K0roBoro Bo3zeicTBYs Oe3 mpumeHe-
HUSI CPe/ICTB KOPPEeKLIMM B TeueHue 14 nHeit Habmopam
TeH/EeHLIMIO K CHVDKEHHUIO YBeIMUEHHbIX M0Ka3aTesiei
¥ BOCCTaHOBJIEHHIO /10 MCXOAHbIX 3HaueHu. Obiriee
YUCIO JIEMKOLIUTOB, TUM(OLMTOB, MaI0YKOsIJePHBIX
HeUTpo(dU/IOB CHUXKAIOCh B cpeiHeM Ha 25 % (p<0,05).
KonmuecTBO 303MHOGUMIOB U GeNbIX KIeTOK, UMeFo-
L[MX f/ipa B BHJle CerMeHTOB, YMeHbI1a/10Ch Ha 85 %
(p<0,001) u Ha 47 % (p<0,01), COOTBETCTBEHHO,
B OTHOLLIEHUU 3HaYeHUH rpymisl «Oxorosast TpaBMa
0e3 koppeKLuH Ha 2 CyTKu» [21].

B yc10BUsIX 0k0ra KOXKU 1 KOPPeKLMY CoeJUHeHH-
samu Cemakc 1 CeslaHK IPOMCXOAMIIO BOCCTaHOBI/IEHVE
KJIETOYHOI'0 3BeHa UMMYyHUTeTa. CemMakC MPUBOAUT
K CHIDKEHHIO 0011[ero KoMuecTBa JeHKOLUTOB Ha 45 %
(p<0,01), a CennaHK — K UX yMeHblleHUt0 Ha 48 %
(p<0,01). Hapy>kHble anmivKalud U BHYTPUOPIO-
LIMHHble UHBEKL[UY HeHPOMeNTUAHBIX [perapaToB
CrI0CcOoOCTBOBAMM CHYKEHUIO YKCJ/Ia Ta/I0UKOsiZIePHBIX
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HentpoduioB Ha 50 % (p <0,01) ¥ BocCTaHOB/IEHHUIO
Yyucaa cerMeHTOosiiepHbIX HeliTpoduioB Ha 30 %
(p<0,05) 0 HOpMaIBLHBIX KOHTPOJIbHBIX MOKa3aTesiei
10 CPaBHEHUIO C TPYIIIION KUBOTHBIX C TepMUYeCKON
TpaBMOM Ha 2 CyTKu 6e3 IpUMeHeHUsI CPeZCTB KOp-
PeKL1H.

BbiBogbl

Pe3ynbTaThl IpOBEIEHHOTO UCC/Ie[0BaHUs T10-
Ka3aJ/ii, YTO B YCJIOBUSIX O)KOTOBOM TPaBMbl KOXKH
TIPOUCXO/U/IA HapyLIeHHsI CO CTOPOHbI UIMMYHHOU
CUCTEMBI B BU/le aKTUBALIUU U CYTIPECCUU ee 3BEeHBEB.
[Tpruem uU3MeHeHUsl K/IETOYHOTO 3BeHa UMMYHUTeTa
HOCHUJ/IM XPOHO3aBUCHMMBIN XapakTep. Ha 2 cyTku no-
CJie 0’)KOTOBOM TPaBMbI KO>KU BbISIBJIEHO TOBBIIIIEHNE
(baroLTapHOlM aKTUBHOCTH HEUTPO(HUIOB, YBE/TUUEHHE
NelKoLUTapHOro Ko3¢duiiveHTa. B HeflenbHbIM repu-
01, TTOCJIe 0KOra OTMeueHb! IMM(OLUTO3, MOHOLUTO3
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v HeliTpodunes. B TeueHMe ByX Hefieslb M0C/Ie TIOC/Ie-
0’KOTOBOTO IpoLiecca yCTaHOB/IEHO MOBbIIIeHNe (aro-
LIUTAapHOM aKTUBHOCTH HEeHUTPO(U/IOB 1 yBelUUeHHe
JIEMKOLIUTAapHOTO KO3(pULIMeHTa.

Ha ¢oHe nprMeHeHYst HeHpONeNnTHAHbIX COe/u-
HEHWI B YCJIOBUSIX OXKOTOBOW paHbl KOXKU B TeueHue 14
[Hel BbIsIBIeHb! AUCHYHKIMOHATBHBIE TIPeoOpa3oBaHus
MIMMYHOKOMITIETEHTHBIX K/I€TOK, CBUZETeTbCTBYOILIHE
0 HelpomenTUIHOW KOppeKLMX HapylleHui (aroiy-
TapHOM aKTUBHOCTU HEUTPO(UIOB U JIEHKOLIUTapHOM
peakLyu.

Takum 06pa3om, BHYTPHUOPIOIIMHHOE BBe/jeH1e
Cemakca u CesiaHKa IIpU 0’)KOTOBOM TOBpeXX/eHNUU
KOXKM TOATBEPrKJaio KOMILJIEKCHOE UX B/IUSIHHE Ha
CUCTeMHbIe HapyllleHusl Ha (JOHe JIOKaJbHOTO CTpec-
COBOTO BO3/IEMCTBUS, UTO YKa3bIBaJIO Ha MPOsIB/IEHNE
VMMYHOKOppUTHpYoIliero a¢gdekxra.
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AnHoTausa. AkmyaibHocms. ['eMopparuueckasi Mxopazka ¢ oyeuyHsiM cuHgpomoM (IVITIC) — npuposiHo-ouarosas
BUpYCHasi UHGEKIIUS C BBICOKOI BEPOSITHOCTBIO TSKEIOro TeUeHUs], BOSMOKHOCTBIO JIeTaAbHOTO UCX0AA, JIUTEIbHOCTbI0
nepuo/ia BOCCTAHOB/IEHHS TToC/ie MH(EKIMH, HU3KOM 3(p(peKTUBHOCTBIO Tepanuu U BaKLIMHONpoduiakTuki. Ha Tepputopun
Poccutickoii @epepauyu IVITIC yaie Bcero BbI3bIBaeTcsl opToxaHTaBupycoMm Ilyymana. Lleab uccaedosarus. OLieHKa UMMY-
HO(EeHOTUITNYECKOT0 COCTaBa JMM(OLIUTOB U LINTOKUHOBOTO NMPo¢u/Is B KPOBY MALIMeHTOB C reMOpparkyeckoii 1Mxopaakoi
C MOYeYHBIM CUHJPOMOM B CPABHEHUU C OCTPBIMU PeCMMPATOPHBIMU BUPYCHBIMU UH(EKLIMSIMU U C TIePCIIeKTUBON pa3paboTKu
MMMYHOJIOTHYeCKHUX KpUTepureB s paHHel auarHoctuku [JITIC. Mamepuanbt u memoosbl. VcciefoBaHnio nofBepranach
KpOBb 24 MaLyeHToB C BeprurLpoBaHHbBIM ArarHo3oM [JITIC, HaXoAMBIIMXCS Ha CTAL{MOHAPHOM JIeUeHUH B UH(EKIIMOHHOM
oTAeneHny KMMHUK CaMapcKOro Me/IMIIMHCKOTO YHUBEPCUTETA U MOCTYNUBIINX B MepBble JHU 3abosieBaHusi, 18 marrieHToB
¢ OPBU ycTaHOB/IEHHO!N STUOIOTHH, a TakKe 15 370pOBbIX ofiel. Pe3yibmambl u 0bcydcoeHue. AHanu3 pe3y/bTaToB (heHOTH-
MMPOBaHUs IMM(OLIMTOB U YPOBHS LIMTOKMHOB B KDOBU M03BOJIW/ YCTAaHOBUTh, UTO MPOLIEHTHOE CofiepKaHue B KpoBU B-mimdo-
UTOB >12,6 %, nuroTokcrueckux CD8+ T-miMdoLUTOoB, SKCIpecCcHpyOLMX aKTUBUPYIOLHI JIeKTUHOBBIN perjeritop NKG2D
(CD3*CD8*CD314"), >25 %, peryasTopHbIx T-kneTok ¢ peHotunamu CD3*CD4 FoxP3* >7,8 % u CD3"*CD8FoxP3* >9,5 %,
a taxke NJI-6 >24 nr/mn, ®HOPB >55 nir/mi, NJI-10 <11,3 nir/mi ¢ BBICOKOH AMarHOCTHUECKOW 3HAUMMOCTBIO, CY/Is TIO pe3yJib-
taram ROC-ananusa, ceugietenscrByeT B 110163y ITITIC, Ho He OPBU. CorocTasieHye pe3yabTaToB UCC/IeL0BaHUS C JaHHbIMU
JIUTepaTypbl OATBEPAUIO OPUTHHAIBHOCTD MOIYUYeHHBIX [JaHHBIX 10 ()eHOTUNHMPOBaHUIO TUM(OLUTOB U MTO3BOMIN/IO0 Pa3BUTh
rurnoTe3y 06 UMMyHOMIaTOreHeTHYeCKOM 3HaueHUH HaOJTFolaeMbIX OTK/IOHEHHH KaK HEM3BECTHOM paHee MeXaHH3Me (hOpMHUpO-
BaHusi CD8+ numMmyHosioruueckoii namMaTy. Bbigodnb!. [TonydyeHHbIe pe3y/ibTaThl MOTYT MCII0/Ib30BaThCS B KAUeCTBe KpUTEpUER
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paHHel nMmyHoguarHocTuke [JITIC. Pa3BuTre HOBOM TMITOTe3bI 110 MeXaHu3My ¢opmupoBadus CD8" mMMyHosiornue cKoi
TaMSITH MOXKET CIIOCOOCTBOBATh PACKPBITUIO HOBBIX MOTEHLMAIBHBIX MULLIeHeH A1t umMyHoTeparnuy [TITIC 1 co31aHu o HOBBIX
TIPYHLIVIIOB TIO/TyYeHHs! BaKL[THHBIX TIPEIapaToB C Iie/bio MPO(MIaKTUKY 3TOT0 3a00/ieBaHusl.

KiroueBbie ¢/10Ba: remopparuueckas IMxopazxa ¢ IIo4euHbIM CUHPOMOM, UMMYHOIIaTOreHe3, paHHAS KIMMYHOAUArHOCTUKa,
VMMYHO(EHOTHITHI TUM(OLUTOB, LIUTOKHUHBI
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Immunopathogenic features of hemorrhagic fever with renal
syndrome as criteria for early immunodiagnostics
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Abstract. Relevance. Hemorrhagic fever with renal syndrome (HFRS) is a natural focal viral infection with a high probability
of severe course, the possibility of death, a long recovery period after infection, low effectiveness of therapy and vaccine
prevention. In the Russian Federation, HFRS is most often caused by the Puumala orthohantavirus. The aim of the study — to
evaluate the immunophenotypic composition of lymphocytes and cytokine profile in the blood of patients with hemorrhagic fever
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with renal syndrome in comparison with acute respiratory viral infections and with the prospect of developing immunological
criteria for early diagnosis of HFRS. Matherials and Methods. There were examined the blood of 24 patients with a verified
diagnosis of HFRS who were hospitalized in the infectious diseases department of the Samara Medical University Clinics
and admitted in the first days of the disease, 18 patients with acute respiratory viral infections of established etiology, as well
as 15 healthy people. Results and Discussion. Analysis of the results of lymphocyte phenotyping and cytokine levels in the
blood revealed that the percentage of B lymphocytes in the blood was >12.6 %, cytotoxic CD8* T lymphocytes expressing the
activating lectin receptor NKG2D (CD3*CD8'CD314"), >25 %, regulatory T cells with CD3*CD4'FoxP3* phenotypes >7.8 %
and CD3"CD8*FoxP3* >9.5 %, as well as IL-6 >24 pg/ml, TNFR >55 pg/ml, IL-10 <11.3 pg/ml with high diagnostic significance,
judging by the results of ROC analysis, indicates in favor of GLPS, but not ARVI. Conclusion. The results obtained can be used
as criteria for early immunodiagnosis of HFRS. The development of a new hypothesis on the mechanism of CD8* immunological
memory formation may contribute to the discovery of new potential targets for HFRS immunotherapy and the creation of new
principles for the production of vaccine preparations for the prevention of this disease.

Keywords: hemorrhagic fever with renal syndrome, immunopathogenesis, early immunodiagnostics, immunophenotypes
of lymphocytes, cytokines
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BesepneHue

[Femopparuueckasi TMXopajika C MoYeyHbIM CHH-
npomowm (TJITIC) — ocTpoe BUpycHOe 3abosieBaHHe
MPUPOJHO-0YaroBOro XapakTepa, CONPOBOXKaroLLie-
ecs pasBUTUEM JIMXOPaJl0YHOro, FreMopparuyeCckoro
CHUH/IPOMOB, FeMOZIMHaM1UYeCKUMU HapyLLeHUsIMH,
a TaK)Xe OCTPBIM MOBPekJeHreM mouek [1]. Bo3by-
nmurtenu [JITIC oTHOCATCA K poJly OPTOXaHTaBUPYCOB,
bonee 28 BIIOB KOTOPBIX MPHUYACTHBI K 3THOJIOTHN
JlaHHOM uHpekuu y yesioBeka [2]. Cpegu HUX —
Orthohantavirus puumalaense (opmoxaHmasupyc I1yy-
Mana), Komopblil UITPaeT OCHOBHYIO POJib B CTPYKTYpe

IMMUNOLOGY

3aboneBaemoctu I'JITIC B Poccuu 1 Ha [J0/TF0 KOTOPOTO
nipuxogutcs 97,7 % ciayuaeB 3Toro 3aboseBanus [3].
BHumMaHue coBpeMeHHbIX ucciienoBarenet K [JITIC
00yC/I0B/IEHO BBICOKOM BePOSITHOCTBIO TSDKETIOTO TEUeHHsT
¥ BO3MOKHOCTBIO JIeTaJIbHOTO MCxo/ja 3abosieBaHus,
€ro NMPUPOAHOOYAroBbIM XapaKTePOM, 3aTPYAHSIOLIM
3MMU/IEMUOJIOTHUeCKYH0 60pb0y C HUM, [JTUTETbHOCTBIO
Tiepro/ia BOCCTAHOB/IEHUS MOC/Ie UH(EKLIMH, OTCYTCTBH-
€M 3THOTPOITHOM Teparnuu, HU3KoM 3(p(peKTHBHOCTHIO
BaKI[MHOTIPOGUIAKTUKH, TeHEHI[Hel K UCT0/Ib30Ba-
HHIO OPTOXAHTaBUPYCOB B KaueCTBe OMO/IOruecKoro

opyxusi [3-6].

267



Hearnos M.D. u op. Bectuux PYJH. Cepusa: Meguunna. 2024. T. 28. Ne 2

VcTouHrKOM reMopparvueckoy JIMX0pajKHy C 1Mo-
YeuyHbIM CHH/JPOMOM, BbI3biBaeMou Orthohantavirus
puumalaense, 11 yenoBeKa yallle BCEro sSIB/ISFOTCS
TPBI3yHSI [ 7], iepefaua Bo30yuTesisi YelloBeKy OOBIUHO
TIPOUCXOAUT NP BABIXaHUU MbUIH, COZlepKalllell KOHTa-
MHHHUPOBaHHbIe BUPYCOM 3KCKPEMEHTbI TPbI3yHOB [8].
Or yesioBeKa K UesI0BeKy 3Ta BUPyCHast MH(eKLMsl He T1e-
pelaeTcs, a HavyaJlbHbIM MeCTOM pervIMKaLii OpTOXaH-
TaBHpYyCa SIBJISIIOTCS AbIXaTenbHble myTH [3, 9]. TJITIC
MMeeT [UK/INYeCKOe TeueHre Y BK/IFoUaeT HeCKOJIbKO
K/IMHAYeCKUX MePUOJ0B: JTMX0Pa/I0uHbIH ¢ Tipeobiia-
JlaHWeM $SIBJIeHUI LIMTOKWHOBOTI'O LITOPMa, HapyLLeHUi
reMOZIMHAMUKU U reMOopparuyeckoro CMHpoMa Ipo-
JOJDKUTE/IHOCTBIO OT 3-X /10 7 IHeid, OJTUrOypruyeCcKUid,
MIpOTeKarol1ii Ha (JOHe OCTPOro MOBPEKAEHHS IT0YeK
Y BbIP@>KEHHOW O/TUroypui (6—12 fHelt), moymypuvecKui
TIepHO/, NPOSIB/SIOLUICS [1epex00M OT OJIUT0YPUH
K nonmiypui (6—14 nHeit), peKoOHBajeCLIEHLIUU TIPOJ0JT-
JKUTEILHOCTBIO 10 2-X MecsieB U bosnee [5, 8]. B na-
ToreHe3e 3a00/1eBaHMs MTOAUEPKUBAETCS BeAy1ijast POJib
VIMMYHHOW CHUCTEMBI, YTO CBSI3aHO C OUeHb IIIMPOKUM
CMEKTPOM KJ/IETOUHBIX MUILIEHEH /17151 OPTOXaHTaBHUPYCOB,
B UMCJIO KOTOPBIX BXOZST, HApsy C SHAO0Te/INa/IbHBIMY,
3MUTeMMATBHBIMU KJIETKaMH ¥ TPOMOOLIMTaMH, MaKpo-
(aru, eHJpUTHBIE K/IeTKU, TMM(GOLIUTHI, HeUTPOGhUIBI,
HMMeIOLLHe HEIOCPeCTBEHHOE OTHOLLIEHHUE K Pa3BUTHIO
MMMYHHOTO oTBeTa [9].

[aBasi xapaKTepUCTHKY 0COOEHHOCTSIM UMMYHHBIX
ripotieccoB 1ipu I'JITIC, aBTOpBI OHOTO U3 0030pOB
TOIYePKUBAIOT 0C000e 3HaUeHre B UMMYHOIIaTOreHe3e
3TOr0 3a60/1eBaHKS, BEI3BAHHOTO OPTOXaHTaBUPYCOM
[Tyymana, Takux JUM(OLUTOB KaK HaTypaJabHbIe
Kuwiepbl 1 CD8" nuToTokcnyeckue mMuM@oLuThl. OT-
MeuaeTcsl 3HaueHHe 1 Bbi3goposienus rpu [JIIIC
dbopmupoBanusi CD8" T-KneTouHOM MaMsTH, JjeTaau
MEXaHU3MOB Pa3BUTHSI KOTOPOU aBTOPBI OL|EHUBAIOT Kak
Hel3BeCTHbIe. YKa3blBaeTCs Ha 3HaueHue pery/IsiTOpHbIX
K/JeTOK, B ToM unciae CD4*, XoTs1 aBTOpbI OTMEYator,
YTO UX 3HAUYMTE/bHBIN POCT IPY JaHHOM 3ab0/1eBaHUM
He 3apeructpupoBaH [10]. [Ipu 3ToM ofHMM U3 Cy1Le-
CTBEHHbIX He/JOCTaTKOB B UCC/Ie0BAHUY UMMYHHOIO
craryca ripu ['JITIC, Ha Halll B31/isi]], SIBASETCS] UTHOPU-
pOBaHMe TIOCTaIMIHOTO TeueHUst TOTo 3a00meBaHUs
CO CMEeHOM BeJyLIUX NaToreHeTHUYeCKUX MeXaHH3MOB,
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yro TpebyeT 06s13aTeIbHOrO yueTa 3TOro 00CTosATe /b~
cTBa B Bujie A depeHIMPOBaHHOTO MOJX0/A K Ol[eHKe
MMMYHOIaToreHesa Ha pasHbix stamnax [JITIC.

CyI1ecTBYIOT M ipyrue npobseMsbl, TpeOyrorue
yueta crieLjuduky 3aboneBanus. HecMoTpsi Ha TO, UTO
B JMarHOCTHKe 3TOW MHGMEKIUU UCII0/Ib3YIOT TIo/IMMe-
pa3Hyto LenHyro peakuuto (ITLIP), a Takxke MeTozbI ce-
POAMArHOCTUKY (peakiiysi HerpsiMoi UMMYHOQWTyopec-
L|eHLIMY WA HeTlIpSIMOM UMMyHO(depMeHTHBIN aHau3),
BO3HMKaeT rpobema paHHeit guarHoctvku [JITIC u3-3a
OTCYTCTBUS LJUTONaTUuUeCcKoro 3¢dexra v JOBOIbHO
Me/IJIEHHOTO LIMK/Ia PeryIMKaly opToxaHTtasupyca [1yy-
Masla, UTo IPUBOAUT K T03Hel BUpeMru Ha 5—10 JeHb
rocsie 3apaxkenus [8, 11] u, cieqoBaTenbHO, HU3KOM
uHpopmatuBHocTu ITLIP B mepBbie fHU 3a00/1€BaHuS,
B TO BpeMs KaK JMarHOCTUUECKU 3HAUYMMasi CePOKOH-
BepCUY HaCcTyIaeT [IPUMepHO I0C/Ie 5-T0 [AHSA OT Hauyasa
K/IMHUUe CKUX TTposiBieHui [12].

B Hammx npeApiAyIyx mybnMkanusx 0b110 mo-
Ka3aHo, YTo y>Ke Ha paHHUX 3Tamnax [JI[IC Bo3HUKaeT
L|e/IbI{ psifl JOBOJIBHO XapaKTepPHBIX CABUTOB CO CTO-
POHBI MMMYHHOTO CTaTyCa, B YaCTHOCTH, BbICOKUI
YPOBeHb 3KCIpeCcCHU LIMTOTOKCMUecKUMH T-numdoriy-
tamu (CD8*) nektrHoBbIX perienrtopoB C-tura NKG2D,
a Takke JJOBOJIbHO 3HAYUTe/IbHAs U HexXxapaKTepHasi
JI7IsT OOMBITUHCTBA OCTPBIX HHpekui noas CD4*
1 CD8" perynsTopHbix T-KneTok cpefu TuMGOLIUTOB
KpoBu [13]. B3auMOoCBsi3b 3TUX CABUTOB (TIpaKTHye-
CKU He U3yUeHHbIX MPU MH(EKIIMUOHHBIX MpoLieccax)
VIMEHHO C OPTOXaHTaBUPYCHOW UH(DeKLel Hy)KjaeTcst
B JIOTIOJIHUTE/IbHBIX [J0Ka3aTe/bCTBax, 10 KparHeu
Mepe, TpeOyeT CpaBHEHUS C JPYTUMU BUPYCHBIMH HH-
(hekLMSAMU KeslaTebHO C TeM ke (pecrpaTopHbIM)
MeXaHU3MOM Tepejauu.

B CcOOTBeTCTBUM C 3TUMU CBeJleHUSIMU LieJ1bI0
WCCeJ0BaHUS SB/SIETCS OLleHKa UMMYHO(EHOTH-
MMYeCKOro cocTaBa JUM(OLIUTOB U LIUTOKHUHOBOI'O
Nnpo@u/si B KpOBU MaLiMeHTOB C TeMOpparuyeckomn
JIMXOPaJIKOU C TIOUYEeYHBIM CHH/POMOM B CPaBHEHUU
C OCTPBbIMM PeCNUPAaTOPHbIMU BUPYCHBIMU MH(EKLUSIMU
¥ C MepCIeKTHBOM pa3paboTK HMMYHOJIOTHYe CKUX
KpuTepueB A1 paHHel auarHoctuku [JITIC.
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Matepuanbl n metogbl

Hamu Hab/rofanvch nauyeHThl ¢ BepUPUIUpO-
BaHHBIM IMarHO30M reMopparuyeckon JTMX0paJKu
¢ noyeudbiM cuHgpomoM (IVITIC) cpepHeTsKen0ro
Y TSDKeJIOr0 TeUeHUs], KOTOpble MPOXOAU/IN JleueHre
B UnpekimonHom otaenenny Ne 1 Kimmarik Camapckoro
rOCyZlapCTBEHHOI'0 MeIULIMHCKOro YHHBepcuTeTta ¢ 2017
no 2022 rogpl. 24 naiyeHTa MOCTYW/IN B CTalluOHaP
Ha 2—4-i1 feHb 60/e3HH, TO eCTh HAXOWIKCh TIOf Ha-
OnrofeHreM HauMHast C IMxopazgouHoro nepuoga [JITIC,
OHU COCTaBWIM OCHOBHYIO TPYIIITY UCC/Ie[JOBaHMUs.

[TaumenTs! rpynmnbl cpaBHeHUs Ne 1 Ha nepBoit
He/lesie 3a00/1eBaHNS HAXOW/IVCh B TOM Ke CTal[iOHape
Y BK/IIOYa/ M 18 yesioBeK, MOCTYNUBIINX C [TOJ03PEHNEM
Ha [JITIC B nepyop, Ce30HHOrO poCTa BCTPeYaeMOCTH
3TOoro 3abo/eBaHus (OCeHHe-3UMHUI Tiepuof). Y 7 ue-
JIOBeK Broc/eAcTBur MetozioM TTLP Gbina [uarHoCTu-
pOBaHa aZleHOBUpYyCHas UH(MEKLUs, y 5 YeJI0BeK —
rpur, y 4 60bHBIX — PUHOBUDPYCHast UH(eKIHs,
y 2 NMaluueHTOB — peCnrupaTOPHO-CUHIUTHAIbHAS
BUpYCHast UHQeK1s1. OCHOBaHUEM /Jis1 BK/IFOUEHHUs
3TUX OOMBHBIX B TPYIITy CPaBHEHUS TIOC/TYKU/IA BU-
pycHasi mprpoza 3abosyieBaHusI IIPY a3POTeHHOM Ty TH
3apakenust (OPBN), a Takyke Ha/imuue KJIMHAYECKUX
1 1abopaToOpHBIX MPU3HAKOB JIMXOPAZ0YHOr0 U 00-
L[eTOKCHUeCKOro MH(EKLIMOHHOTO CUHAPOMA CpeJ-
HeTSDKeJIOr0 Y TSDKeJIOro TeUeHHs], UYTO U OIpeessiyio
BO3MOXKHOCTB UX comnocTasienus ¢ IJIIIC.

I'pyrina cpaBHenust Ne 2 cocTosiia u3 15 KiMHuyve-
CKH 3/I0POBBIX JOHOPOB KpoBH CaMapckoi 06/1acTHOM
K/IMHUYeCKOU CTaHL[UU [epe/vBaHusl KPOBU.

Ot Bcex 00C/1e10BaHHBIX JIUI] TTOTyYeHO UH(OpMUPO-
BaHHOE COIVIacve Ha yyacTve B UCC/Ie[J0BaHNH, a [TPorpam-
Ma MCC/IeIoBaHNi oj00peHa Ha 3ace/laHi STUYeCKOTO
KomuTeTa CamapCcKoro rocyiapCTBeHHOIO MeIULIMHCKOTO
yHuBepcureta (rmpotokon Ne 204 ot 11.12.2019).

Bce Tpu rpynsl NpuMepHO COOTBETCTBOBAJIU
JpyT ApyTy IO Noay U Bo3pacTy. Bo Bcex rpymnmnax
nipeo06sia/jaay JKeHIIWHbI, Ha UX /I0/TI0 B OCHOBHOMN
rpyr1Iie NpuxXoguance 62,5 %, B rpymnie cpaBHEHUS
Ne 1 — 67 %, B rpymmne cpaBHeHUs1 Ne 2 — 60 %,
a CcpeJlHUM BO3pacT COCTAaBJS/ COOTBETCTBEHHO
42,2 + 12,1 net, 43,4+ 11,2 net, 40,6 + 14,9 net.

IMMUNOLOGY

Y Bcex MaryeHToB, BOLIeIIMX B UCC/Iel0BaHKE, OCY-
ITeCTB/ISIOCH (heHOTUTIMPOBaHYe TMM(MOITUTOB Ha 2—5-i1
JleHb OT Havasia 3abosieBaHusl, a B TPYIITie CPAaBHEHUS
Ne 2 — 1o Mepe o6patijeHus. @eHOTUTIeCKOe UCCTe0-
BaHue JIMM(OLIMTOB MPOBOJUIOCH METOZIOM MPOTOYHOU
LUTO(TYyOPUMETPUM C UCIIO/Tb30BaHUEM LIUTO(IyoprMe-
tpa BD FACSCanto II (Becton Dickinson, CIIIA) nocsie
ABTOMATH3MPOBAHHOM MPOOOTIOITOTOBKH 11e/TbHOM KPOBH
C TOMOIL[BIO CTAHLM aBTOMAaTHIeCKOM IPOOOTIOATOTOBKU
BD FACS Sample Prep Assistant II (Becton Dickinson,
CIITA) B COOTBETCTBUU C UHCTPYKLIMEN 110 TIPUMEHEHHIO
nprUOOPOB ¥ MOHOK/IOHA/TbHBIX aHTUTET.

Brinio mpoBeieHo n3yueHne abCOMIOTHOTO U OTHO-
CUTEe/IbHOTO YKC/Ia KIeToK cpein umborutos (CD45%)
KpoBH cieaywoiux ¢eHorurnos: CD19* (B-nmumdo-
1uThl); CD3* (T-mumdonutsr); CD3*CD4" (T-xenrmne-
pei); CD3"CD8" (juToTokcuueckre T-muMdOLUTHI,
nm LI'T/T); CD3"CD4'FoxP3* (CD4" perynsitopHbie
T-knetkun); CD3*CD8 FoxP3* (CD8* perynatopHble
T-knetkn); CD3*CD56" (HKT-nogo6HbIe KIeTKN);
CD3-CD16°CD56" (HatypanbHble Kusiepsl, nin HK);
CD3*CD25" (T-muM@oLHThI, 3KCIIpeCcCUpyoLIe pe-
tentop aktuBauuy CD25); CD3*CD8*CD314* (LTI,
IKCcrpeccUpyomiue peijentop aktuBaiuu NKG2D);
CD16"CD56"CD314"* (HK, akcripeccupytoliye peLen-
Top akTuBaLmu NKG2D).

[ onipesiesieHUs epevyrC/IeHHBIX TT0Ka3aTesien
VICI0/1b30Ba/IMCh MEUEHHbIE MOHOKJ/IOHAJIbHbIE aHTH-
tena (MKAT) npousBoactea BD Biosciences (CLLIA).
Pacuet abCONMFOTHBIX BeJTMYMH ITOKA3aTeel IPOBOAMIICS
o opmyzie:

% K/1eToK 0T 0011{ero urcia MMMGpoLUToB * uncso mumdorutos (109/1)
100 %

UYucro KeTok =

Tak >ke MpOBOANIOCH UCC/IelOBaHNEe YPOBHeM
unTepneikudoB (M1)-4,—1f3, -6, —-10,-12, dhakropos
Hekpo3a onyxosieil o U 3 (PHOa u ®HOP), uHTep-
¢epoHna y (MPHYy) B cbIBOPOTKE KPOBU METO0M
MMMYHO(epMeHTHOr0 aHau3a C UCI0J/Ib30BaHHEeM
riaHireTHoro gporomerpa «OPSYS MR» dbupmbl
«THERMOLABSYSTEMS» (®uHnaHAs) B COOT-
BETCTBUM C MHCTPYKLIMEH 10 PUMEHeHHIO arraparyphbl
Y KOMIUIEKTOB COOTBETCTBYIOLIMX MOHOK/IOHATbHbIX
aHTuTen npousBozcTBa Bekrop Bect (Poccus).
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Cratrctiueckast 06paboTKa JaHHbIX TIPOBOJM/IACh
Ha OCHOBe TaKeTa CTaTUCTUYeCKUX nporpamm SPSS
(Bepcus 23). Vcnionb30Bamich MeTOb! [1e CKPUIITUBHOM
Y CPaBHUTE/IbHOM HemapaMeTpyuueCKOM CTaTUCTUKH,
KODPEJISILIMOHHbBIN aHau3, paccuuThiBajicsa 95 % go-
BepUTe/IbHBI MHTepBasl Mokas3aresneil. COOTHOLLIeH e
YyBCTBUTE/ILHOCTH U CMEeLU(UUHOCTY TECTOB yCTaHaB-
JIMBAJI0Ch METOZ|OM JIMHEWHOW Perpeccuy C oCTPOEHHeM
ROC-kpuBo# 1 pacuetom muioraau rog kpusod — AUC.

Pe3ynbTaTbl U 06CYyXaeHue

[ peanv3any oCTaB/eHHOM Lie/Iv ITPOBOJWII-
Cs1 @aHa/IM3 COJlep>KaHus B KPOBU JIMM(OLIUTOB BCEX
HamMeueHHBIX (eHOTUTIOB y 24 nateHToB [JITIC B -
XOpaJl0uHbIM nepuoy (mepBble 2—5 AHelM OT Havyajla
3abosieBaHNsI) B CPAaBHEHUH C TIALIU€HTaMU C OCTPOH
pecrpaToOpHOW BUPYCHOM MH(EKIMel B ITOT XKe Tie-
puoj ot Hauana 3abosneBanus (18 uesoBek).

[IpenBapuTenbHOe onpezeneHue obiero co-
Jlep>KaHus JIEHKOLMTOB B KPOoBU 00bHBIX [JITIC
n OPBU nokaszano ux CTaTUCTUUECKU 3HAUMMOe
(p <0,05) npeBbIlIeHKe MTOKa3aTesiel y 30pPOBBIX JIH0-
net (6,9+1,9* 10°k1eTOK//1) MPU COOTBETCTBUU 3THX
JIJaHHBIX B 00erX rpymIax MaluydeHTOB ¢ BUPYCHBIMU
nHbpekIusamMu (cooTBeTcTBeHHO 11,4 +4,8 *10°K1e-
ToK/n1 1 10,5+ 2,7 *10° knetok/n, p=0,697). Onpe-
JlejieHUe TIPOLieHTa JUMQOITUTOB Cpe/iv JIeMKOITUTOR
KPOBHM BbISIBUJIO JJOCTOBEPHOE CHW)KeHHe 3TOr0 I10-
ka3zaresns B rpynnax [JITIC (16,4 £5,2 %) u OPBU
(18,9+8,1 %) no cpaBHEHUIO C TPYIION 340POBBIX
mopeit (29,0+5,7 %), B To BpeMst Kak MeXX1y co00it

JlaHHBIe TI0 TPyINaM BUPYCHbBIX MH(EeKLUH CTaTUCTH-
YeCKH 3HaUMMO He pasnuuanuck (p=0,211).

OTU JaHHbIe N103BOJIW/IN NIPU BBIsIBIeHUHU Ge-
HOTUITUYECKUX pa3/nuuii TMM(QOLMTOB IO Tpynnam
VICCJIelOBaHUS OTPAHUUUTBCS aHAIU30M TOJIBKO OTHO-
CHUTeNIbHBIX, HO He aOCO/TFOTHBIX BeJIMUKH. Pe3y/bTaTel
TAKOTO aHasIM3a TpeicTaB/ieHbl B Tabmre 1. CratucTu-
YeCKWM aHaIu3 B CBSI3U C OTCYTCTBUEM HOPMasbHOIO
pacripefiesieHUs! [JAHHBIX OCYILeCTBJ/IS/ICS MeTOAaMH1
HerapameTpUYeCKOW CTaTUCTUKY C UCTI0/b30BaHUEM
KpuTepusi MaHHa- YUTHHU, pa3/Iduusl CYMTAIUCh CTa-
TUCTUYECKU 3HaUMMbIMU TipH p < 0,05.

OueHuBas rnepeueHb Hab/IIOaeMbIX CJBUTOB
CO CTOPOHBI (PEHOTUMHNUECKOTO COCTaBa JMM(OLIUTOB
ripu cpaBHeHuu rpynmn IJITIC u OPBY, cnenyet noa-
YepKHYTb, UTO CPEIY ITUX C/IBUTOB OTUYET/IMBO Npeolia-
JA0T He CTO/IbKO Ha30BbIe TTOKa3aTend KMMYHOTPaMM,
CKOJTBKO Habop TeX OpUruHa/IbHBIX (PEHOTHUIIOB, UTO
ObUTH BBeJileHbl HaMH [|7Is1 OLIeHKH ()eHOTUITHUEeCKOTO
npo¢usst TMMQOLMTOB B JAHHOM HCC/Ie[0BaHHUU.

Cpeny CABUTOB CO CTOPOHBI (DEHOTUIIOB JINM-
(hoLMTOB, IIMPOKO TECTUPYEMBIX B COCTaBe Da30BbIX
VUMMYHOIPaMM U BBISIB/IIFOLLMX [JOCTOBEpPHbIe pas/Inyuus
Mexay rpymnmnamu I'JITIC u OPBUY, B nanHOM Huccie-
[I0BaHUU C/leflyeT OTMEeTUTh POCT Aoiu B-nmumdoru-
TOB B 00eux Irpyrmmax BUPYCHBIX H(peKLui, Oosee
BhIpakeHHbIN Tipu [JITIC, a Takke MakcHMaibHOe
HapacTaHHe TPOL|eHTa HaTypalbHbIX KWJIEPOB IIPU
OPBU u meHee 3HauuTenbHbIN poct 1ipu [JITIC, xoTts
CpaBHeHMe IO BCeM TpeM IPYMIIaM UCC/Ie0BaHNs HOCST
CTaTUCTUYeCKU I0CTOBEepPHbIN XapakTep.

Tabnuya 1

OTHOCUTENbHOE COfiepXKaHUe B KPOBU NTMMGOLMTOB pa3HbiX peHOTUNOB Ha paHHUX aTanax [J1MC u B rpynnax cpaBHeHUs

MegamaHa (MUHUMYM; MaKCUMYM)
deHoTUNMYECKME P,
nokasatenn naL}Tﬁ_Tgb' MauuenTbl ¢ OPBU, (rpynna ( SA0poBbIe oM 2) P,
numdouuTor (%) c ) cpaeHeHusi 1) n = 18 rpynna cpaBHeHUs P,
n=24 n=15

*

B-numdouuTsbl, 13,6 11,3 10,5 88‘313*

T-numdouuTsl, 68,0 73,5 75,0 gggg

CD3* (49,7, 87,0) (52,0; 89,5) (62,0; 87,0) 01881
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OKoHYaHue Tabn. 1

MepauaHa (MUHUMYM; MaKCUMyM)

®eHoTUNMYECKNe p,
et | Mawemcopa, (pyma | SOREN0M .
numdouuTos (%) e cpaBHeHus 1) n =18 Py P Py
n=24 n=15
AKTUBUPOBaHHbIE 0,026*
4.8 4,0 7.5 .
T-numdouuTsl, o ! ! 0,164
CD3'CD25" (1,1; 27,0 (1,6;7,4) (2,6;7,8) 0,707
T-xennepsbl, 36,8 40,0 41,0 8;2;
CD3*CD4* (16,0; 67,0) (20,5, 61,2) (14.0;57,0) 0,858
LinToTokcuyeckue 26,0 28,3 28,0 8322
T-numouuTsi (LITJT), CD3*CD8* (10,4; 78,0) (13,3;37,5) (16,0; 71,0) 0’929
*
NKG2D+ UTh, 30,6 21,8 12,6 <(?'(?§1‘I***
CD3*CD8*CD314" (83;58,9) (10,2;31,5) (9,6;27,0) 0,003%*
0,034*
CD4* perynaTopHble T-KneTKu, 10,7 7.7 3,05 <0.007%+
CD3*CD4*FoxP3* (4,9;163) (50;18,0) (23:81) 0,044*
CD8* perynsitopHble 0,008**
Tinetka, @3 ;-32'03 9) G 27'233 0) © 2'~4 :15 4) <0001
CD3*CD8*FoxP3* e e v 0,007**
0,231
HKT-nofo6Hble KNeTku, 4,7 5,0 34 0169
CD3*CD56* (1,5;30,6) (2:3;20,0) (23;50) 0,233
*
HaTypanbHble kunnepbi (HK), 17,0 21,5 12,9 [?’(?0212**
CD16*CD56* (7.7;53,0) (4,0;34,4) (9.5,27.7) 0,049
NKG2D* HK, 6,7 10,4 9,6 8??2
CD16*CD56*CD314* (1,0, 16,3) (1,0;15,0) (7,7, 21,6) 0’254

[Mprmeyarme: N — KONMYECTBO YEOBEK B rPYMNe; p, — BEPOATHOCTb pas/imymii nokasateneit 8 rpynnax [1MNC 1 3aoposbix nogen,
p, — BEPOATHOCTb pasfn4nin nokasatenen s rpynnax OPBM 1 300poBbIx Nt04ei; p, — BEPOATHOCTb pas/inynin nokasatenen
B rpynnax [MMC n OPBWI; OCTOBEPHOCTb pasnuyui no Kputeputo MaHHa-Yuthu: * npu p < 0,05, ** npu p<0,01, *** npn p < 0,001.

Table 1
Relative blood abundance of different phenotype lymphocytes in the early stages of HFRS and in comparison groups
Median (minimum; maximum)
Lymphocyte phenotypic Health I P,
% HFRS pati ARVI pati i ity people P
parameters 1) Herus o ST | Compariongapdn |
0.039*
. 13.6 11.3 10.5
B cells, CD19 (5.0; 25.0) (6.9;17.4) (2.5,15.7) e
0.338
+ 68.0 73.5 75.0
T cells, CD3 (49.7;87.0) (52.0; 89.5) (62.0;87.0) 0052
Activated T cells, 4.8 4.0 7.5 %(%2664*
CD3*CD25* (1.1;27.0) (1.6;7.4) (2.6;7.8) 0.707
0.737
+CDA* 36.8 40.0 41.0
T helper cells, CD3'CD4 (16.0; 67.0) (20.5;61.2) (14.0;57.0) 0283
Cytotoxic T-lymphocytes 26.0 28.3 28.0 9950
(CTLs), CD3*CD8* (10.4; 78.0) (13.3;37.5) (16.0;71.0) 0,929
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End of the table 1

Median (minimum; maximum)
Lymphocyte phenotypic Health I P,

% HFRS pati ARVI pati i 1y people p
parameters (%) r?Eaétlllents %?gﬁgtas)(ﬁcirq%anson (companszo?sgroup 2n p§
NKG2D+ CTLs, 30.6 21.8 12.6 BT

CD3°CD8*CD314* (8.3;58.9) (10.2;31.5) (9.6; 27.0) o A
CD4* regulatory T cells, 10.7 7.7 3.05 T
CD3*CD4*FoxP3+ (4.9;16.3) (5.0; 18.0) (2.3;8.1) 0.044%
CD8* regulatory T cells, 13.0 7.3 0.45 T

CD3°CD8*FoxP3* (3.5;23.9) (6.2;23.0) (0.1; 4.4) o
NKT-like cells, 47 5.0 3.4 9231
CD3*CD56* (1.5;30.6) (2.3;20.0) (2.3;5.0) 0%

Natural killer cells (NK), 17.0 21.5 12.9 2z,
CD3-CD16'CD56* (7.7;53.0) (4.0; 34.4) (9.5:27.7) 200
NKG2D* NK, 6.7 10.4 9.6 0.008
CD16°CD56°CD314* (1.0;16.3) (1.0;15.0) (7.7:21.6) 0118

Note: n — the number of persons in the group; p, — probability of differences in HFRS and healthy people groups; p, — probability
of differences in ARVI and healthy people groups; p, — probability of differences in HFRS and ARVI groups; significance of Mann-

Whitney differences: * at p<0.05, ** at p<0.01, *** at p < 0.007.

[17151 OLIeHKM KpHUTepraibHOroO ¥ IIPOrHOCTUYeCKOIO
3HaUEeHWsI BbISIB/IEHHOW KaTerOp1y CABUTOB MIPOBOAM/IOCh
oripesiesieHue 95 %-X JOBepUTE/ILHBIX MHTEPBAJIOB YKa3aH-
HBIX TTOKa3aresieit 1 nocrpoeHre ROC-KpuBbIx (puc. 1).

Kak cnenyet u3 pucyHka 1, 95%-1i JoBepUTeIbHBIN
VHTEepPBaJl MPOLIEHTHOI'O Cofiep>KaHusi B-mumdormron
B KPOBU IPH Be/IMUMHe BhIlle 12,6 % CcBHUeTeNbCTBYeT
0 MPUHA/JIEKHOCTH MaLeHTa K FpyTIe reMopparuye-
CKOM JINXOPa/IK! C IT0Ye4yHbIM CMHApoMoM. [TocTpoenvie
ROC-kpuBO#i OKa3bIBaeT, YTO 3TOT CKPUHUHIOBBIN TECT
VIMeeT BbICOKOe [IPOrHOCTHYeCKOe 3HaYeHUe, TI0CKOJIbKY
otk mog, ROC-kpusoii (AUC) cocTarisieT B JJaHHOM
ciyyae 0,878, To ects BoiLte 0,8, UTo B C/Tyyae KIMHAYe-
CKMX WCCJIeJOBaHMH C/leflyeT OLeHWBaTh MMEHHO TaKUM
obpasom [14].

[Ipu TecTUpOBaHMM HaTypaabHBIX KUJIJIEDOB
cutyauus uHas. 95%-1i JoBepUTe/NbHbIA UHTEPBA
st TJITIC 3aHMMaeT MpOMeXXyTOUHOe TTOJIOKeHHe
MeXXJy ABYMs pylnaMu CpaBHeHHUs (Ipymnmnou
OPBMU u rpynnoi KIMHUYEeCKU 340POBBIX JIHOZ€ei).
B pesynbrare nipu noctpoenun ROC-kpuoit AUC
coctarnseT Bcero 0,454, To eCTh JJaHHBIA CKPUHU-
MHTOBBIM TECT MPOTHOCTHYECKOT0 3HaueHus BoobIe
HE UMeeT.
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UYT0 KacaeTCs OCTa/IbHBIX TI0Ka3aresiel, UCTI0/Ib30BaH-
HBIX JIj1s1 OlleHKH (peHOTHIIYeckoro ripodwmsst [TJITIC Ha ca-
MBIX PaHHHX CTa/IisIX MH(EKLMOHHOTO 1poLiecca BiepBble,
TO K HUM oTHOCWIMCh NKG2D* riurotokcuueckue T-mim-
¢orurel (CD3"CD8"'CD314%) u perysnsitopHbie T-K/ieTKH
¢ penotrnamu CD3*CD4'FoxP3* u CD3"CD8FoxP3".
Pe3ysnbrars! aHa/M3a POrHOCTUYECKOIO 3HaUeHHUs 3TUX
JIMMQOIUTOB TIPe/ICTaB/IeHbI Ha PUC. 2.

I'pacuiku mokaseIBaloOT, UTO BCe TPU MOKa3arers
00/1a71ar0T 04eHb BBICOKOU MPOTHOCTUYECKOM 3HAUUMO-
CThI0, TIOCKOJIBKY Tuiomaas nog ROC-kpuBoii (AUC)
nMeJia 3HaueHus Boime 0,8.

Hanpumep, oTHOCHUTeIbHOE YNC/IO LIUTOTOKCHUYEeCKUX
T-1mMM@OLMTOB, SKCITPeCCUPYIOIIUX aKTUBHPYIOLLIUI
JiekTUHOBBIN pelientop NKG2D, B KpOBH NPU 3HAYEHUSIX
BbILIe 25 % C BbICOKOM MPOrHOCTUYECKON 3HAUMMOCTBEO
(AUC = 0,863) 11 rpy HaMUMK COOTBETCTBYHOLLIMX KJTMHU-
YeCKUX MPOSIB/IEHUH MO3BOJISUIO MPEANO/IOKUTL HAJTMUKe
y NaryieHTa reMopparuueckou JIMX0pajiKy C TI0UeUHbIM
CHMHJPOMOM. AHa/IOTMYHOE TPEZTI0JIoKeHHEe TTO3BOJISIN
CJie/1aTh 3Ha4YeHus POLIEHTHOI'O COZIePyKaHus! CPeZiv JIUM-
(oo KpoBu CD4" peryasTopHbIX T-K/I€TOK BhILLE
7,8 % (AUC = 0,963), a Takke CD8" perynsiTopHbIX
T-knetok Boiiie 9,5 % (AUC = 0,899).
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Puc. 1. 95 % fjoBepuTeNbHble MHTEPBASbI MPOLEHTOB B-MMMMOLMTOB 1 HaTypanbHbIX KUIIEpOB Ccpean MMMMOLIMTOB KPOBY
B rpynnax uccnefosaHust 1 ROC-KpyBble UX MPOrHOCTUYECKOrO 3HAYEHNS

Fig. 1. 95 % confidence intervals of B cell and natural killer cell percentages among blood lymphocytes in the study groups
and ROC curves of their prognostic value
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Puc. 2. 95 % noBepuTtenbHble nHTepBanbl npoueHToB NKG2D* LIT/T, CD4* n CD8* perynaTopHbix T-KNeTok cpean nnmdoLmnMToB
KpoBM B rpynnax uccnenoBaHuns n ROC-KpuBble nX MPOrHOCTUYECKOrO 3HAYEHNS

Fig. 2. 95 % confidence intervals of NKG2D* CTL, CD4* and CD8* regulatory T cell percentages among blood lymphocytes
in the study groups and ROC curves of their prognostic value
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,HJ'ISI 6osiee TOUHOM paCLLII/I(prBKI/I MeXdHH3Ma TIPOBOCIIA/IMTE/IbHOIO U MPOTHBOBOCIIA/INTE/IEHOIO AEP'I-

y4yacTHsl Ha3BaHHBIX KJIETOK B IaTOTe€He3e PaHHUX
crazuii IJITIC npoBoAM/ICS aHa/I|3 YPOBHEH IATOKUHOB ~ KOTOPOTO TIPe/ICTaB/IeHbl B Tab/uile 2.

cTBUS B niepBble 2—5 aHelt pa3sutus [JITIC, pe3ynbTaTbl

Ta6bnmnya 2
VPOBHM npoeocnanunTesibHbiX U NPOTUBOBOCNANIUTE/IbHbIX LUTOKUHOB B CbIBOPOTKE KPOBU Ha paHHUX 3Tanax rMmncCwe rpynnax cpaBHeHUsA
MeavaHa (MUHMMYM; MaKCUMYM)
TecTupyemble P,
LIMTOKMHbI P,
(nr/mn) MaumneHTbl ¢ OPBU (rpynna 3poposeble ntoau Ps
MauueHTe C rnc cpaBHeHus 1) (rpynna cpaBHenus 2)
n=24 - =
n=18 n=15
*%
s 1,5 2,0 22 060%4
(1,5,1,8) (1,6;2.8) (13,42 0,013+
*
W12 12,1 12,0 9,1 883?
(10,9;13,7) (9.5,127) (7.8:144) 0918
*kk
NOH 86,5 81,4 408 <8'881**
Y (72,2;101,0) (76,1;119,7) (27,5, 51,5) 0,703
*k
MN-1p 24 2,6 3.8 8'ggg**
(2,0;2,9) (21;30) (250;52) 0,237
<0,007++*
W6 25,9 20,6 6.2 0.003%
(20,0;32,3) (16,2;28,0) (27:92) 0,047*
0,021*
3,0 29 2,0 .
®HOa (27:39) (2,60; 3.4) (08:28) 0513
*%kk
®HOB 52,3 484 14 20001
(48,0;82,1) (45,1; 55,6) (0.6;29) 0,041%
*%k%k
un-10 148 2.0 68 0005w
(11,2, 40,5) (7.5; 25,2) (34;9,1) 0.026*

[MpumedaHme: n — KONM4YeCTBO Ye/IOBEK B rpymnne; p, — BEPOATHOCTb pasnndunii nokasateneit 8 rpynnax M1MC 1 34opoBbIx Ntogei;
p, — BEPOATHOCTb pasnnynii nokasatenei B rpynnax OPBM 1 300poBbIx Ntofei; p, — BEPOATHOCTb pasnynii nokasatenen
B rpynnax [T1MC n OPBW; LOCTOBEPHOCTb pasnuyui no Kputepumito MaHHa-YuthHu: * npu p<0,05, ** npu p < 0,07, *** npu p < 0,001.

Kak cnemyeT u3 TabnuIbl 2, CTaTUCTUYECKU [10-
cToBepHble caBury y nanueHTos ¢ IJITIC u ¢ OPBU
10 CPaBHEHMIO C TPYMNMOW 3[0POBBIX JIOAEN Je-
MOHCTPHUPYIOT IMPAaKTUYEeCKU BCe TeCTUPOBAHHbIE

IMMUNOLOGY

UTOKUHBI, KpoMme MNJI-4 y 6ompHbIx OPBU. OftHakKo
pasnuuus Mexay rokasarensMmu B rpymnax IJITIC
1 OPBU oT™MeueHBI TOMBKO A1 3 IUTOKUHOB — WUJI-6,
®HOB, 1JI-10.
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Table 2
Serum levels of pro-inflammatory and anti-inflammatory cytokines in the early stages of HFRS and in comparison groups
Median (minimum; maximum)
Cytokines tested P,
(pg/mL) . . P2
. ARVI patients Healthy people (comparison Ps
HFRS patients -
N (comparison group 1) group 2)
n=24
n=18 n=15
*%
IL-4 15 20 2.2 060354
(1,5:1.,8) (1,6:2,8) (13:42) 0053
*
(10,9;13,7) (9.5:12,7) (7.8,144) 0918
*k%k
IFN 86,5 814 408 0004
Y (72,2;101,0) (76,1;119,7) (27,5;51,5) 0703
0,003**
IL-18 2,’4 2_’6 3'_8 0,008**
(2,0;2,9) (2.1;3,0) (2.50;52) 0,237
*k%k
IL-6 259 20,6 6.2 <8'88;**
(20,0; 32,3) (16,2;28,0) (27:92) 0,047+
0,021*
3,0 2,9 2,0 o)
ThFa (27:39) (260, 3.4) (08/2.8) pgasd
<0,007***
TNFB 5?.3 4i_3,4 1..4 <0,007 %
(48,0;82,1) (45,1;55,6) (06;2.9) 0.041%
*k%k
110 148 9.0 68 0005+
(11,2; 40,5) (7.5:25.2) (34,9) 0,026

Note: n —the number of persons in the group; p, — probability of differences in HFRS and healthy people groups; p, — probability

of differences in ARVI and healthy people groups; p, — probability of differences in HFRS and ARVI groups; significance of Mann-
Whitney differences: * at p<0.05, ** at p<0.01, *** at p<0.001.

[17151 OLIeHKH TIPOTHOCTUYECKOT0 3HaueHus bosiee

BbIpa)XKEHHOT'0 POCTa YPOBHeH 3TUX LIUTOKUHOB Y Ta-
uuenToB ¢ [VITIC 6b11 ripoBesieH aHamu3 ux 95 %-x
JIOBepUTeNbHbIX MHTEPBA/IOB U BLIIIOIHEHO [TOCTPOEHKe
ROC-kpuBbIX (puc. 3).

Kak cnenyet u3 prucyHKa 3, ypOBHHU BCeX Tpex
MH(OPMATUBHBIX LJUTOKWHOB MOKAa3a/JIu [JOBOJIbHO
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BBICOKYHO MTPOrHOCTUYECKYI0 3HAUMMOCTb. TakK, B M0JIb-
3y I'JITIC Ha cambIX Haua/bHBIX 3Tarnax 3abo/eBaHus
CBUJIeTe/IbCTBOBAIM YpoBeHb NJI-6 B CBIBOPOTKe KPO-
B BhIie 24 nir/mn (AUC = 0,903), ypoBenb ®HO[
Boitte 55 rir/mit (AUC = 0,818), ypoBens 1JI-10 Boiriie
11,3 ir/mn (AUC = 0,982).
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Puc. 3. 95 % goBepuTesibHble UHTepBasbl ypoBHeit UJ1-6, PHOB, U1-19 (nr/Mn) B CbIBOPOTKE KPOBU B rpynnax
nccneposaHusa U ROC-KpuBbIe X NPOrHOCTUYECKOr0 3HAYEHUS

Fig. 3. 95 % confidence intervals of IL-6, TNF@, IL-10 levels (pg/ml) in the serums
of study group patients and ROC curves of their prognostic value
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,Z[anee OIIpeAe/IA/INCh KOPPe/IAUOHHBIE CBA3H MEXK-
ay I/IHCI)OpMaTI/IBHbIMI/I IIOKa3aTe/jAMH, OTHO CALIMMUCHA
K d)eHOTI/Il'II/I‘—IECKI/IM XdPAKTEePUCTUKaM J'II/IM(lJO]_lI/ITOB

Y LIUTOKMHOBOTO NMPO(U/Isi B KPOBU, HA paHHUX 3Tarax
[JITIC u OPBU c ucnonb3oBanuem Ko3pduiyeHta
koppensiuu CrivpmeHa (puc. 4).

Puc. 4. [locTOBepHbIe KOPPENAUMM Mexay MHHOOPMaTUBHBIMU MMMYHONOMMYECKUMM Mpu3Hakamu npwu IJ1M1C
Ha paHHKX aTanax 3abosieBaHvs ¥ B rpynne cpaBHeHust (OPBU)
Fig. 4. Significant correlations between informative immunological signs in the early stages of HFRS
and in the comparison group (ARVI)

Kak ciieiyeT 3 pucyHKa, IoKasarey, pOsiBUBLLIHE
vHpopMaTtuBHOCTh Tipu [VITIC, dhhopMupoBamu Lesbli
psiJ, CTaTUCTUUECKU 3HAUMMBIX KOPPeJISILUi MPU JJaHHOM
3abo0/ieBaHMY, Yero MpakTUuecKu He Hab/ro1anoch
B IPYIIle CpaBHEHUS — IPY OCTPBIX PeCIUpPaTOpPHbBIX
BHDPYCHBIX MH(EKLIUSX.

[Ipu I'J/ITIC 0CHOBHBIM y4aCTHUKOM ITOYTH BCEX
BBISIBJIEHHBIX KOPPEeJISLMOHHBIX nap ciyxum NKG2D*
LUTOTOKCHUeCKre T-miMGoLUThI, KOTOpbIe ObLIN CBSI-
3aHbI CO BCEMHU JIDyrMMH MH(GOPMaTUBHBIMY (DeHOTHIIa-
MU, a TAKXXe C MPOTUBOBOCHAIUTE/bHBIM LIUTOKUHOM
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NJI-10: ¢ B-nmumdpormramu u UJI-10 orpuijaTesibHOM
KOppeJsiLiuel, a ¢ peryisaToOpHbeIMU KineTkamu CD4*
u CD8" monoxkurtenbHOU Koppensiueil. Kpome Toro,
NJI-10 oTpuuaressHO KOppeIrpoBals ¢ uruciom CD4*
perynstopHbix T-knetok. Huuero rnogo6Horo He oTMe-
yanock ipu OPBU, nipu 3To# rpyTire BUPYCHBIX UH(EK-
LM perucTpyupoBanach TOJbKO OZHA MOJIO)KUTe/TbHAs
koppessaLusg — Mexay CD4" u CD8" perynsatopHbIMU
T-K/1eTKaMu, YTO JOBOJIBHO €CTeCTBEHHO.

ITo pe3ysbraram, oy4YeHHBIM B IIpOLecce 1aHHOIO
WCC/Ie[IOBaHYs, CIIeLjMabHOrO 00CY K/AeHUs 3aC/Ty>KU-
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BaeT BOIIPOC O TOM, HaCKOJIbKO [TaTOTHOMOHWYHBIMU
Y maToreHeTHUeCKU ornpaegaHHbMu yist TTITIC sBrsttoT-
Cs1 IpeXK/ie BCero yCTaHOBJ/IeHHbIe Ha PAHHUX CTaJUsAX
MH(EeKLMOHHOTO MpoLiecca CABUTH CO CTOPOHbBI TAKUX
(heHOTUNOB TMM(OLIUTOB Kak pPOCT umncia B-nmumdo-
uutoB, NKG2D" [JTJI, CD4" u CD8" perynsatopHbIX
T-kneTok.

[TpobneMa cpaBHUTETEHOMN OLIEHKHU TIOTyYeHHBIX
HaMU JIaHHBIX C pe3ysbTaTaMu ucciegoBanui [JITIC
JPYTMMH aBTOPaMHU OCJIOXKHSETCSI OTPaHUYeHHbIM
pacrpocTpaHeHHeM 3TOro 3ab0JieBaHuUs TOJBKO B 9H-
JeMUYHbIX IPUPOJHBIX O0Yarax, a Takke, Kak MpaBuIo,
OTCYTCTBUEM AM(depeHIMPOBaHHOTO MO/X0/a K Xapak-
TepyuCTUKe uMMyHonaToreHe3a ['JIIIC B 3aBucumocTn
OT CTa/iuM MH(EKLIMOHHOTO TpoLiecca. B cBsizu ¢ aTum
c/eyeT OTMEeTUTh BbIPa)KEHHYI0 OrPaHUUEHHOCTh
nyO/MMKaLWH, TTOCBSIIIeHHBIX 0COOeHHOCTSIM UMMYHO-
raroreHe3a Ha HauasibHbIX 5Tanax [JITIC.

Tak, B 001Ieli XxapaKTeprUCTHKe UMMYHOIIaTore-
He3a [JITIC nopguepkuBaeTcs, UTo AaHHasi MHMeKIUs
COTIPOBOXK/IAeTCs JOBOIbHO paHHel BhIpaboTKoM
antuten B-numdonuramu (HaumHas ¢ 3—5-ro gJHsS
3abosieBaHMsT), YTO OTMEUEHO U B HAIIUX UCCTIe-
[IOBaHUSIX, U TIPUBOAUT K Upe3MepHOU HMMYHHOM
pPeakTUBHOCTH, BKJIIOUasi MaCCHMBHbIe [IMTOKUHOBbIE
peakLMK ¥ aKTUBALMI0 LIUTOTOKCHUUECKUX JTMM(OLIUTOB
[14]. Ha Haua/bHBIX 3Tarax 3aboeBaHus OTMeYaeTcs
pOJIb B IUCCEMHUHAIMU BO30yAUTe s U3 MeCcTa Mpo-
HUKHOBEHHUS uepe3 CIIM3UCTYI0 000/10UKy OpOHXOB
C aKTUBHBIM y4aCcTHeM MOHOLIMTOB U MJ1a3MaLUTOU/I-
HBIX IeHIpUTHBIX KneTok (1K) c ux crocobHOCTI0
K UHJYKL[MM TYMOPaJbHOTO UIMMYHHOTO OTBeTa [15].
N3BecTHO, uTO BO BpeMsi ocTpbix uHdekiu nJK
00BIYHO TIPOAYIMPYIOT BHICOKHE YPOBHU UHTEP-
¢eponoB I Tuna. OfHako Opa’keHUe 3TUX KJIeTOK
OpPTOXaHTaBHUPyCaMM HapyllaeT UX (PyHKLWU, YTO
criocobCcTBYeT pacrpocTpaHeHHuIo Bo30yauTenei
BO BpeMs ocTpoii ¢asbl [JITIC, a TakKe pa3BUTHIO
VIMMYHHBIX peakL{ii 110 KJIeTOYHOMY THILY, B [IepPBYIO
ouepefib, ¢ yuactueM CD8" riutoTokcnueckux T-1im-
doruToB [15, 16]. OcobeHHO MOAUEPKUBAETCS, UTO
Haubosee CUIBbHBIN OTBeT co ctopoHbl CD8* T-keTok
HabJTF0ZIaeTCst BO BpeMsi OCTpOM dasbl [17], ogHako mpu
BCeM 00u/InYU CBe/IeHUI 0 BefylIiel pO/ii 3TUX KIeTOK
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B OTBET Ha OPTOXaHTaBUPYCHYIO UH(EKLUIO B JI0-
CTYITHOM JTUTEpaType Mbl He 0OHAPY)KU/IHN CBeIeHUI
o posin NKG2D-3aBrCcMMOro MmexaHnu3Ma akTUBaLiuu
ITJI nmpu I'VITIC u ero natoreHeTH4YeCKOM 3HaUeHUH,
KOTOpOe MbI B CBOMX paboTax TpPaKTyeM C MO3ULIAH
paHHero (hOpMHUPOBaHUS UMMYHOJIOTUYECKOU TIaMSITH,
o0ecrieunBaroIL[ero UCK/IIOUNTETHLHO OCTPOe TeueHre
JlaHHOTO UH(EKI[MOHHOTO Tiporiecca [12].

OTMeueH pPOCT yuc/ia peryasaTopHbIX T-K/1eTok
(Tper, FoxP3") ¢ ux UMMyHOCYTIpeCCOPHOU aKTHBHO-
cteto nipu [JITIC [18]. ITo siBneHre WMeeT HEOJHO-
3HauyHOe TpakToBaHUe. CyIecTByeT Takoe 00bsICHEeHMe,
YTO NPUUMHA BBICOKUX 3HaueHUi Tper KpoeTcs B 00-
CJIeIOBAaHNY JIUL] U3 SH[IEMUUHBIX DETUOHOB, paHee yiKe
CTaJIKUBABILMXCS C opToxaHTaBupycami [19]. Hekoro-
pble aBTOPBI TIPUAIOT 3TOM 0COOEHHOCTH UMMYHHOTO
pearupoBaHus Ha OPTOXaHTaBUPYChI Kak (pakTopy, CHU-
JKaroleMy BOCITa/IMTe/IbHO-Je CTPYKTUBHBIE POLIeCChI
ripu IVITIC [5], B TO ke BpeMsi eCTb TOUKa 3peHUs, UTO
nMeHHO pocT uucia FoxP3* T-nmumdbonmToB (Tper)
orpegesisieT TSHKeCTb TeYeHUs OPTOXaHTaBUPYCHOU
VH(EKLMM, TIPY 3TOM 0TMedeH pocT Kak CD4", tak
u CD8" Tper [20]. EcTb cBegeHus o Tom, uto Tper
BBITIOTHSFOT 0COOYI0 (DYHKIUIO B 3aLIUTHBIX PeaKIUsX
Ha [OBpeX/eHue, BOCCTaHOB/IEHUE U IO epyKaHue
TKaHew [21]. B To >ke BpeMsi Mbl He BCTPETHU/TU CBe-
JleHul O TOM, YTO HapacTaHue Yucia 3TUX K/IeTOK
Habsmonaetcst ipu [JITIC yike B riepBbie JHUA UH(EKLU-
OHHOTO IpolLiecca, a TakKe yKa3aHU Ha BO3MOXKHYIO
TTOJIOXKUTE/TbHYIO KOPPEe/SILIMOHHYIO CBSI3b 3TUX KJIeTOK
¢ NKG2D* [JTJI.

UT0 KacaeTcs CONMyTCTBYOLINX CUCTEMHBIX BOC-
TNa/IMTe/IbHBIX peaklii, TO, KaKk OTMeYeHO U B HalllUX
uccienoBanusix, poct MJI-6 u ®HO B KpoBH, a Takxke
B MOYe ellle B JIMXOPaZI0YHBIN MePHOJ LITUPOKO 00CyK-
JlaeTcsl B IUTEpAType, MpU 3TOM aCCOLMUPYETCS KaK
C pasMHOXXeHHeM OPTOXaHTaBHUPYCOB B SHA0Te/INU
COCYZIOB, TaK Y C HapylleHHeM (QyHKLMY Touek [22].
OTmeuaeTcs Takke 3aperucTpUpOBaHHOe U HAMU
3HaAUUTebHOE MOBLIIIEHUE B KPOBU ypoBHA NJI-10
Ha paHHUX CTaAUsX 3aboeBaHus, aTOreHeTHYe-
CKOe 3HaueHue KOTOPOro OL|eHUBAETCS C MO3ULIUN ero
MIPOrHOCTUYECKOr0 3HaYeHUs PU TSDKeJIOM TeuyeHUH
[JITIC [22].
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BbiBOAbI

1. Pa3BuTHe reMopparvueckoi JMXopajKu C To-
YyeyHbIM CUH/POMOM YJKe Ha CaMbIX paHHHUX 3Tarax
3ab0s1eBaHusT COTIPOBOXKAETCST 0COOBIM HAOOPOM UMMY-
HOJIOTUYEeCKUX CIBUIOB, KaCaroLMXCsl KOPPeJIsiMOHHO
CBSI3aHHBIX MEXy C000¥ (PeHOTUTNUeCKUX XapaKTe-
PUCTUK TUM(OLUTOB U 0COOEHHOCTel LIMTOKUHOBOTO
npou/si KPOBH.

2. TTo BbIp@KeHHOCTH HaO/MIOjaeMbIX UMMYHOJIOTH-
yeckux uameHeHni ['JITIC cratucTuyecku JOCTOBEPHO
OT/IMYAeTCs OT APYTUX BUPYCHBIX uHpekimii (OPBIN)
C IPUMEPHO CXOXKUM MEXaHH3MOM 3apakeHHs.

3. B AuarHocTuyecku 3HaYMMble KpUTEPUU paH-
Heil fuarHocTuku [JITIC BXoguT poCT copepkaHust
B KPOBHU I[UTOTOKCHUecKux T-nmumdbonurtos (LTJT),
3KCIPeCCUPYIONIUX aKTUBUPYIOIUN JTeKTUHOBBIN
petentop NKG2D (>25 %), perynstopasix CD4*
(>7,8 %) u CD8" (>9,5 %) T-knetok, B-mumdoruTos
(>12,6 %), unrepneiikuna-10 (>11,3 nr/mi), a Takke
UHTepieKkuHa-6 (>24 nr/mn) u gakropa HeKpo3a
oryxosiet 3 (>55 nr/m).

4. KiroueBoe naToreHeTM4ecKoe 3HaueHue pocTa
CD3+CD8+CD314+ IITJI ripu I'TITIC co3paet repcriek-
TUBY PacKpbITUsI HOBbIX MUILIEHeH [/11 UMMyHOTeparnviu
[VITIC v pa3pabOTKKU HOBBIX TIPUHIUTIOB ITOJTyY€eHUsT
BaKL[MHHBIX TIPEaparoB C Lie/bi0 MPO(UIaKTUKU 3TOr0
3abosieBaHMs.
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Abstract. Relevance. The problem of diagnosing hereditary neuromuscular diseases is one of the most difficult in the
medical specialists’ practice. Molecular genetic diagnostics is one of the fundamental aspects in the classification and subsequent
approaches to the treatment and prevention of hereditary diseases. Pathogenic variants identification leads to the formation of
separate subtypes and phenotypically identical diseases syndromes. This review examines modern diagnostic methods and
algorithmization of patients with neuromuscular diseases. Despite enormous research and clinical efforts, the molecular causes
remain unknown for almost half of patients with neuromuscular diseases due to genetic heterogeneity and molecular diagnostics
based on a gene-by-gene approach. Next-generation sequencing (NGS) is an effective and cost-effective strategy for accelerating
patient diagnosis. However, the diagnostic value of conducting and prescribing whole-exome or whole-genome sequencing is
largely dependent on the clinical picture of the disease and the professional competence of the doctor. Hereditary neuromuscular
diseases have similar initial symptoms, and molecular genetic diagnostics can pinpoint the cause and pathogenesis of the
observed disorders in the patient. Conclusion. The molecular diagnostics algorithm is based on sequential analysis, starting
with the search for the most common pathogenic variants using inexpensive and rapid methods, and progressing to the search
for rare, previously undescribed pathogenic variants using whole-genome/whole-exome studies. The phasing allows science
and medicine to uncover previously unknown causes of severe disease in patients with neuromuscular diseases, which often
leading to disability or premature death. Earlier genetic diagnosis should provide more effective treatment of the disease and
better genetic counseling for families and will also allow access to pathogenetic therapy for neuromuscular diseases.
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Introduction

Hereditary diseases of the nervous system
are a severe and widespread form of hereditary
pathology that can lead to disability and premature
death [1]. Diagnosis of hereditary diseases can often
be complicated due to various types of inheritance,
genetic heterogeneity, and clinical polymorphism,
which can cause delays of several years. Information
on the clinical manifestations and diagnostic methods
of hereditary diseases has increased significantly in
recent years.

One of the largest groups of hereditary diseases
affecting the peripheral nervous system is neuromuscular
diseases (NMD) [2—4]. These diseases are characterized
by damage to the peripheral nervous system, which
includes motor and sensory neurons, the muscle itself,
or the neuromuscular junction. The OMIM (Online
Mendelian Inheritance in Man) database lists 4432
different neurological disorders and 1476 disorders that
involve both neurological and muscular symptoms [5].

There are five main nosological groups that can
be distinguished according to the degree of damage
to the neuromotor apparatus: monogenic myopathies,
spinal muscular atrophies, myotonic dystrophies,
hereditary myasthenia gravis and hereditary motor-
sensory neuropathies [6]. Muscle weakness is a common
symptom of all these diseases [7].

MEDICAL GENETICS

Most neuromuscular disorders (NMD) share
common features, including muscle weakness,
fasciculations, seizures, muscle pain, and bulbar
symptoms such as breathing and swallowing difficulties
and cranial nerve palsy [8]. In addition, patients may
present with non-specific manifestations such as toe
walking or musculoskeletal deformities (hollow foot,
scoliosis), which are classic secondary pleiotropic
manifestations. The term NMD encompasses a wide
range of syndromes with a similar clinical presentation
but varying pathogenesis and etiology. Therefore,
identifying genetic causes and differential diagnosis
of NMD is receiving increasing attention. Improving
existing classifications and developing effective
prevention methods for NMD are also important [9].

Hereditary neuromuscular diseases

Hereditary neuromuscular diseases encompass
a wide range of genetically diverse disorders of the
nervous system, including progressive muscular
dystrophies and disorders of neuromuscular impulse
transmission [10—-13]. Due to the variable age of disease
onset, the pronounced clinical polymorphism, and the
different types of inheritance of various forms of NMD,
there is an extraordinary variety of classifications that
take into account the affected gene or its product.
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The topographic principle is still the foundation of
modern classifications. It involves grouping diseases
based on the location of the lesions in the central and
peripheral nervous systems [1, 14—16]. Hereditary
neuromuscular diseases can be classified using a variety
of methods, including morphological, clinical, and
genetic approaches.

Morphological classification
of neuromuscular diseases

I. Associated with lesions of the skeletal muscles.

I1. Associated with lesions of the anterior horns of
the spinal cord.

I1I. Associated with the lesion of peripheral nerves.

IV-VII. Associated with lesions not only of nerve
and muscle structures, but also of synapses.

Clinical classification

I. Progressive muscular dystrophies.

Ia. Non-progressive muscular dystrophies
(myopathies).

I1. Spinal amyotrophies.

II1. Neural amyotrophies.

IV. Myasthenia gravis.

V. Myatonia.

— Congenital myatonia.
— Oppenheim’s disease.

VI. Thomson’s myotonia.

VII. Paroxysmal myoplegia.

However, recent advances in molecular genetics
have fundamentally altered the principles of
classification, diagnosis, and treatment of inherited
neuromuscular diseases. Molecular biology has
demonstrated genetic heterogeneity in a significant
number of nosological forms, leading to the
establishment of classifications based on the affected
gene and/or its product [17].

Hereditary neuromuscular diseases can be caused by
various types of mutations, including point pathogenic
variants, single-nucleotide insertions and deletions,
trinucleotide repeat expansions, copy number variations
(CNVs), and large deletions and duplications of entire
chromosome regions. Molecular genetic diagnostics employs
a range of methods to identify these mutations [18, 19].
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Algorithmisation of patients with suspected
neuromuscular diseases

The diagnosis of neuromuscular diseases requires
collaboration between the attending physician,
neurologist, and molecular diagnostics laboratory.
Paraclinical investigations, including biochemical
tests such as creatine kinase and other enzymes, play
a crucial role.

In the diagnosis of NMD, biochemical tests for muscle
enzymes, muscle biopsy, and electroneuromyography are
the first tests that a physician may order for differential
diagnosis [6, 20—22]. Before the advent of molecular
genetics, diagnosis was based solely on clinical
examination, electroneuromyography, and muscle and
nerve biopsies. Verification was performed to determine
whether the disease was caused by a primary defect in
the muscle (myogenic diseases) or a primary defect in the
innervating nerve (neurogenic diseases). If biochemical
analyses are the primary and most accessible method of
diagnosis for patients with suspected NMD, they should
be performed. However, muscle biopsy is also a valuable
diagnostic tool, despite the methodological difficulties
associated with it. Some patients may not agree to this
procedure.

The differential diagnosis of NMD should
include a neurological examination followed by
electroneuromyography to determine the speed of
conduction along the median nerve and the type
of neuropathy. At this stage, it may be possible to
determine which genetic study should be performed
first. Muscle imaging techniques such as magnetic
resonance imaging, X-ray computed tomography, or
ultrasound are increasingly used to differentiate between
clinically similar neuromuscular diseases. A definitive
diagnosis can only be accurately made by identifying
a specific pathogenic variant in the genes. Therefore,
molecular diagnostics is considered the gold standard
for the diagnosis of neuromuscular diseases.

The molecular genetic algorithm follows
a sequential analysis approach, starting with the search
for the most common pathogenic variants, such as
duplications or deletions of the PMP22 gene. This is
followed by gene spectrum sequencing using panels
and whole-genome or whole-exome studies (Fig. 1).
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Fig. 1. Algorithm for molecular genetic examination of patients with suspected NMD

Molecular genetic testing has the potential to
eliminate the need for invasive and costly diagnostic
procedures, such as muscle biopsies. Gene panel
sequencing can be used to sequence individual
genes that may lead to neuromuscular disorders due
to pathogenic variants. Additionally, Whole-Exome
Sequencing (WES) and Whole-Genome Sequencing
(WGS) can be employed to search for pathogenic
variants in protein-coding regions of the genome and
the entire genome, respectively [6, 23].

This method enables the screening of multiple
genes or genomic regions simultaneously, providing
a more cost-effective and efficient means of diagnosis.
While next generation sequencing (NGS) methods can
aid in molecular diagnosis, they may not be suitable
for all types of mutations. In some cases, it may be
appropriate to use molecular analysis of a single gene
as the primary test, particularly if the majority of
pathogenic variants associated with a particular disease
are located on that gene and account for more than 50 %
of all mutations associated with that form of NMD.
For example, in Duchenne-Becker myodystrophy, the
search for deletions in the DMD gene is carried out

MEDICAL GENETICS

using PCR. The most commonly used technology to
search for duplications of the PMP22 gene is multiplex
ligation-dependent probe amplification (MLPA) [24].
Currently, diagnostic molecular neurogenetics aims to
detect pathogenic mutations in patients.

The genetic heterogeneity of spinocerebellar ataxia
(SCA) can be illustrated by the example provided. In
1993, autosomal dominant cerebellar ataxias (ADCA)
were classified into three groups based on clinical
features: autosomal dominant cerebellar ataxia types
I, 11, and IIT [25-27].

ADCA type I is a mixed cerebellar ataxia where
the patient experiences additional neurological
symptoms alongside cerebellar ataxia. ADCA type
IT is characterized by ataxia and retinopathy, while
ADCA type III is diagnosed when cerebellar ataxia is
the only or predominant neurological manifestation. It
is important to note that there is no definitive correlation
between phenotype and genotype in SCA, so autosomal
dominant SCA is typically classified as mixed or pure
SCA by neurologists. Patients with any type of mixed
cerebellar ataxia may present only cerebellar signs.
However, in the early stages of the disease, additional

285



Fonova E.A., Zhalsanova 1.Zh., Skryabin N.A. Bectaux PYIH. Cepusa: Meguumnna. 2024. T. 28. Ne 2

neurological abnormalities such as extrapyramidal that fall under this category include SCA 1-4, 7, 8, 10,
symptoms, areflexia, seizures, sensory and cognitive 12-14, 17-21, 23, 25, 27-29, 32, 35, and 36 (Table 1).
impairment may also be noted. The cerebellar ataxias

Table 1
Spinocerebellar ataxia
Group Sca Localization Gene Mutation
SCA1 6p23 ATXN1 CAG repeat expansion
SCA2 12924 ATXN2 CAG repeat expansion
SCA3 14924.3-931 ATXN3 CAG repeat expansion
SCA4 16922.1 CAG repeat expansion
SCA7 3p21.1-p12 ATXN7 CAG repeat expansion
SCA8 13921 ATXNS8, ATXN8os Non-coding CTGxCAG repeat
SCA10 22913 ATXN10 Non-coding pentanucleotide repeat
SCA12 5q31-q33 PPP2R2B Non-coding CAG repeat (5UTR)
SCA13 19913.3-q13.4 KCNC3 Multiple missense mutations
SCA14 19913.4 PRKCG Multiple missense mutations
SCA17 6q27 TBP CAG or CAA repeat expansion
tixed SCA SCA18 7q22-q32 - -

SCA19/22 1p21-g21 KCND3 Multiple missense mutations
SCA20 11p13-q11 - Multiple missense mutations
SCA21 7p21.3-p15.1 - Multiple missense mutations
SCA23 20p13 PDYN Multiple missense mutations
SCA25 2p21-p13 - -

SCA27 13q34 FGF14 missense mutations F145S
SCA28 18p11 AFG3L2 Multiple gene mutations
SCA29 3p26 - -
SCA32 7q32-933 - -
SCA35 20p13 TGM6 Multiple gene mutations
SCA 36 20p13 NOP56 Extension of intronic hexanucleotide repeats
SCA 37 1p32 - -
SCA S5 11913 SPTBN2 missense mutations or in-frame deletion
SCA 6 19p13 CACNATA CAG repeat expansion
SCA 11 15915.2 TTBK2 Various mutations
only SCA SCA 15/16 3p26-p25 ITPR1 Large genomic deletions
SCA 26 19p13.3 eEF2 missense mutations P596H
SCA 30 4q34.3-935.1 - -
SCA 31 16921 BEAN Expansion of intronic pentanucleotide repeat
SCA 34 6912.3-q16.2 - -

The spectrum of mutations observed in 34 types of ~detected by NGS analysis, raising concerns about the
ADCA includes missense substitutions and expansion effectiveness of whole-exome sequencing as the primary
of nucleotide repeats. Notably, these repeats are not method of molecular diagnostics.
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Polyglutamine diseases are a group of
neurodegenerative disorders caused by the expansion
of cytosine-adenine-guanine (CAG) repeats encoding
the long polyglutamine tract in the corresponding
proteins [28]. The expansion of nucleotide repeats
is the cause of these diseases. Nine disorders have
been described to date, including six types of spino-
cerebellar ataxias (types 1, 2, 6, 7, 17), Machado-
Joseph disease (MJD/SCA3), Huntington’s disease,
dentatorubral pallidoluysis atrophy (DRPLA or Ho-
River syndrome and Naito-Oyanagi disease), and spinal
and bulbar muscular atrophy, X-linked 1 (SMAX1/
SBMA). Polyglutamine diseases are characterized by
the pathological expansion of the CAG trinucleotide
repeat in the translated region of various genes. The
molecular diagnosis of these mutations is based on the
MLPA method. This method calculates the number of
repeats and determines the patient’s status, whether it
is the absence of mutation, premutation, or mutation.
The phenomenon of anticipatory inheritance, i.e. the
progressive deterioration of the clinical features of the
disease, must be taken into account. This phenomenon
is caused by an increase in the number of repeats in
diseases of nucleotide expansion. The necessity of
presymptomatic testing for late-onset diseases is driven
by anticipation. This is because it is possible to predict
earlier and more severe development of the disease in
future offspring.

Genetic panels for neuromuscular diseases

After excluding major pathogenic variants, it is
recommended to sequence the entire gene to exclude
rare pathogenic variants. If no pathogenic variants
are found in the target gene, it is recommended to
investigate all genes that encode similar proteins, which
may lead to the development of neuromuscular diseases.
Sequencing a panel of genes provides information on
the spectrum of pathogenic variants in multiple genes
simultaneously, ensuring sufficient depth of coverage
for all exons of the genes of interest. Genetic panels are
typically customised by laboratories to meet practical
healthcare needs, and can range from single-gene to
several-hundred-gene panels. A recent study investigated
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the genetic causes of limb-girdle muscular dystrophy in
6473 patients. The study demonstrated the effectiveness
of genetic panels and the importance of collaboration
between laboratories and clinicians [15]. The cause of
the disease was identified in 1266 (19.6 %) patients.
Initially, the genetic panel included 105 genes, but
during the study, neurologists suggested reducing the
number of genes to 66 to focus on the subtypes of
lumbosacral muscular dystrophy.

Genetic panels are commonly used in routine
diagnostics due to their cost-effectiveness compared
to whole-exome and whole-genome sequencing. This
is because they target a smaller number of genes,
requiring less data processing, analysis and storage.
Additionally, the smaller analyzed region allows for
deeper coverage, resulting in better detection of certain
CNVs and mosaicism when compared to WES [29, 30].
The use of a limited number of target genes reduces
the likelihood of detecting incidental findings that are
unrelated to the phenotype under investigation, thereby
mitigating associated ethical issues [30].

The main challenge in using a disease-specific
targeting panel lies in its design. Attention must be
paid to which genes to include in order to maximize
diagnostic efficiency while minimizing the cost and
volume of sequencing data generated. Periodic updates
to gene panels are necessary due to the frequent and
continuous discovery of new genes that cause inherited
diseases.

Whole-exome and whole-genome sequencing

In cases where sequencing of a gene panel is
inconclusive, whole exome sequencing is performed.
This method covers all coding regions of the genome
where an estimated 85 % of disease-causing variants
occur [31-33]. Therefore, WES has the potential to
identify new disease genes and allows for re-diagnosis
at a later time.

Two main approaches are used to verify genes that
are causal for certain conditions. Two methods can be
used for genetic analysis. The first involves performing
WES or WGS analysis on a group of patients with the
same clinical features. Variants located in a common
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gene for all or some members of the study group are
then filtered sequentially. The second method involves
analyzing isolated patients along with their parents (trio-
analysis) and/or informative family members. Variants
are filtered based on different types of inheritance [30,
34].0ne limitation of the WES method is its inability
to analyze sites located in non-coding regions, such as
deep intronic or non-translational regions. Research
has shown that 15 % of variants that potentially cause
Mendelian traits are located in non-coding regions of

the genome [35]. In contrast, WGS provides uniform
coverage of both coding and non-coding regions and
can detect CNVs, gross chromosomal abnormalities,
and deep intronic variants [32]. WGS is a powerful tool
for genomic research. It can verify variants that are not
detected by WES in NMD patients.

The more expensive and complex the method, the
more data on the mutation spectrum can be obtained
(Figure 2). This staging of molecular diagnosis of NMD
follows a similar distribution.

Fig. 2. Methods for studying mutations of monogenic diseases

Efficient and effective use of resources and
staff organization are crucial in practical healthcare.
The availability of pathogenetic treatment and pre-
conceptional or prenatal diagnosis methods directly
correlates with the prevention of disabilities in patients
or subsequent births of children with inherited forms
of NMD. Existing screening programs largely target
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diseases that cause severe impairment of quality of life
from birth or early childhood, rather than those that
manifest in adulthood.

Therefore, the concept of ‘diagnostic cost-
effectiveness’ was introduced to compare different
types of tests available for the diagnosis of peripheral
neuropathies [36].
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In the case of NMD diagnostics, this refers to the
ratio of diagnostic informativeness to the price and
time of the trial. This value enables us to determine the
sequence and priority of prescribing tests for genetically
heterogeneous pathology of the peripheral nervous
system in a particular patient, without evaluating
the cost-effectiveness of using different tests in the
healthcare system.

Diagnostic cost-effectiveness = diagnostic
informativeness / price*timeframe

The diagnostic method for patients with NMD
becomes more favorable as the diagnostic cost-
effectiveness increases. If the method detects nothing
in the study group, the diagnostic cost-effectiveness is
assumed to be 0. The diagnostic cost-effectiveness of
different tests is not constant and may change with the
development of new technologies that enable faster and
more affordable genetic testing.

When dealing with well-studied ethnic groups
with a high prevalence of pathogenic variants, it is
advisable to exclude these variants initially. However,
single gene testing is only feasible when minimal
locus heterogeneity of a particular nosology is proven.
Previous studies have demonstrated that the ‘gene panel
first’ strategy is more cost-effective than sequencing
a single gene or searching for common pathogenic
variants [37, 38]. If gene panels are uninformative,
it may be necessary to use a more expensive but
informative method such as WES/WGS [39].

Conclusion

Neuromuscular diseases have a highly complex
genetic basis. To ensure appropriate genetic testing,
clinical judgement is crucial. If one of the molecular
genetic analyses yields a negative result, clinicians
should proceed to the next analysis of the target gene or
consider a broader sequencing approach, such as gene
panels, WES, and WGS. The diagnostic performance of
neuromuscular disorders is incomplete due to limitations
of targeted gene panels and whole-exome sequencing.
These methods are unable to detect structural variants,
trinucleotide tandem repeats, and non-coding variants.

MEDICAL GENETICS

However, the introduction of whole-genome
sequencing, functional tests, and improved analytical
methods may enhance the detection and interpretation
of pathogenic variants, leading to increased diagnostic
outcomes in cohorts of patients with NMD.

The interpretation of variants of uncertain
significance or genes of uncertain significance and
the identification of complex inheritance patterns are
critical factors in the genetic diagnosis of neuromuscular
diseases.

The continued development of sequencing
technologies, analytical tools, and reference databases
will contribute to the understanding and improvement
of NMD diagnosis.
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COBpeMeHHbIe acCneKTbl U noaxoAabl K MOHGKYJ'IHPHOI?I ANarHoCctTuke
HacneaCTBeHHbIX HEPBHO-MbILUEYHbIX 3aboneBaHumn

E.A. ®onoBa 8, N.)K. XKancanoBa ~, H.A. CKpsaouH

HayuHo-ucciejoBaTe/ibCKUil UHCTUTYT MeJULMHCKON TreHeTUKY, TOMCKUM HallMOHa/IbHbIN UCC/e[0BaTeTbCKUM
MeIULIUHCKUH 1[eHTp, 2. Tomck, Pocculickas ®@edepayust
< fonova.elizaveta@medgenetics.ru

AHnHoTapma. AkmyaabHocmb. [IpobieMa AMarHOCTUKY Hac/le/ICTBEHHBIX HEPBHO-MBIIIEUHBIX 3a00/1eBaHUN SIBSETCS
O/IHOM 13 Haubosee CJIMKHBIX B MPAKTHKe Bpauei-crelipanuctoB. OHUM U3 0CHOBOIIO/AraloIIUX acleKToB Kiaccu(rKamm
HEpPBHO-MBIIIEUHBIX 3a00/1eBaHUI SIB/ISIETCS] MOEKY/ISIpPHO-TeHeTHUeCKasl IMarHOCTHKA. BhIsiB/IeHe TIaTOreHHbIX BADUAaHTOB
TIPUBOJUT K (JOPMUPOBAHHIO OT/e/TbHBIX TIOATUTIOB U CMH/IPOMOB (DeHOTUTINYeCKU HIeHTUYHBIX 3a0osieBaHui. B aHHOM 0630pe
PaccMaTpUBarOTCS COBPEMEHHBIE METO/bI IMarHOCTUKY M a/ITOPUTMH3aLIUs MalMeHTOB C HEPBHO-MBILIIEYHBIMU 3a00/1€BaHUSIMH.
HecmoTpst Ha OTPOMHBIE UCC/Ie[OBaHUS U KJIMHUYeCKWe PaboThl, MOJIEKY/ISIPHBIE TIPUYMHBI OCTAIOTCS HEU3BECTHBIMU TIOUTH
TSI TIOJIOBUHBI MAIIEHTOB C HEPBHO-MBIIIIEYHBIMH 3a00/1eBaHNSIMU M3-3a TeHeTHYeCKOU reTepOreHHOCTH U TPa/IUL{MOHHON
MOJIEKY/ISIPHOM JIMarHOCTUKY, OCHOBAaHHOM Ha MO/X0/le aHa/M3a OfIHOTO reHa, HauboJsiee acCOLIMMPOBAHHOTO C OTIpe/ie/IeHHON
(hopmoii HepBHO-MbILIeYHOTO 3a00seBaHust. CekBeHUpOoBaHMe HOBOro nokoneHust (NGS) npezcraBisieT 3pQeKTHBHYIO U KO-
HOMMYHYIO CTPATErHI0 YCKOPEHUs! TUarHOCTUKU TIaLIMeHTOB, B TOM UHC/IE U Ha MOJIEKY/ISIPHO-TeHeTUYeCKOM ypoBHe. OZJHaKo
[IMarHOCTUYeCKasi peHTabeTbHOCTh TIPOBeZleHHsT U Ha3HaueH!s B TIEPBYIO Ouepe/ib TIOJTHO3K30MHOTO UJTH TTOJTHOT€HOMHOTO
CeKBEHHUPOBaHMsI BO MHOTOM 3aBUCHUT OT KJIMHUUECKOW KapTHUHBI 3a00/1eBaHus M podeCCHOHANTBLHON KOMIIETEHI[UM Bpaya.
HauasbHble CUMITTOMBI HaC/e[ICTBEHHBIX HEPBHO-MBIIIIEYHBIX 3a00/IeBaHM BO MHOTOM WJIeHTUYHBI, U IMEHHO TIPOBe/leHHe
MOJIEKY/ISIPHO-TeHeTUUEe CKOM IMaTHOCTUKY MOXKET OTPe/IeIUTh MPUUMHY U TIaToreHe3 HaO/M0jaeMbIX HapYIIeHUH y MarjeHTa.
Bbi800bl. ANrOpUTMH3aLUsI MOJIEKY/ISIPHOM AMarHOCTHKYA OCHOBAHA Ha TIOC/Ie/I0BaTeIbHOM aHajv3e OT MOUCKa Haubosiee 4acTo
BCTpeUaeMbIX MMaTOreHHBIX BAPUAHTOB C MOMOIIBbIO HEJOPOTUX U OBICTPBIX METOZOB /10 TOUCKA PeIKUX, PaHee HeONMMCaHHbIX
MaTOreHHBIX BAPUAHTOB C MTOMOII[BIO TIOTHOT€HOMHBIX TTOJTHO9K30MHBIX MCC/Ie/JOBaHUN. Byiarofiapst Takoi Tanu3aruy Hayka
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" MeJHIFHA T10/Iy4de€T OTBEThI Ha PdHE€ HEPACKDBITHIE IIPUYKUHBI TSXKEJIbIX 3abo0sieBaHuMi Yy NalijeHTOB C HEPBHO-MbILIIEYHBIMH
3&60]IEBEIHI/IHMI/I, KOTOpbI€ HEPEAKO IMPUBOAAT K UHBA/IMAW3dLINNA WU HPE)KAEBPEMQHHOﬁ rubemu. Bosee PaHHSAA TeHeTHYe CKast
AUAarHOCTHUKA MOXKET IT03BOJIUTh obecrieunTh Oosiee 3(1)(1)EKTI/IBHOE JieyeHye 3a00sieBaHus 1 00jiee KaueCTBEHHOE FeHeTHUEeCKOe
KOHCY/IbTUDOBaHUE [Jid IMPOTHO3d 6y,qyu_1ero MMOTOMCTBA B Ce€Mbe€, d TAKXKe TTO3BOJIMT ITIOJIYUHUTb JOCTYII K IaToreHeThue CKou
Teparii HEPBHO-MBbIILIEUHBIX 3a00/1eBaHUM.

KroueBsbie cji0Ba: HEPBHO-MBbIIIEUYHbIE 3&60]’[6‘BEIHI/IH, MOJIEKYJ/IAPpHAA AWarHOCTHUKA, MyTadliii, CEKB€HUPDOBdAHHE

Hudopmanus o puHaHcupoBaHuH. PaboTa BBINOIHEeHa TPy (UHAHCOBOM MOJ/1ep>KKe TeMbl FOCYIapCTBEHHOTO 3aanus HUN
MeULMHCKOW TeHeTHKH, TOMCK1I HaljioHaIbHBIN MCCTIe/i0BaTeIbCKH MeIUIMHCKII 1jeHTp PAH (HOoMep rocyzapcTBeHHOTo
yueta HUOKTP 123041700028-8).

Bknap aBropoB. ®oHoBa E.A. — 0630p nuTeparypel, Hanvcanue TekcTa; XKancanoea UK., Ckpsioun H.A. — mororoeka
Y pejaKTUPOBaHUe PYKOMMCH. Bce aBTOpBI BHEC/H CYILIeCTBEHHBIHM BK/IaZ B Pa3pab0TKy KOHLIEMLIMU, TIOATOTOBKY CTaThbH, MPOWIH
U 0f00pHii (DMHALHYO BePCHIO TTepef] MyOnuKariyel.

HNudopmanys o KOHQINKTe HHTEPEeCOB — aBTOPHI JIeKJIapUPYIOT OTCYTCTBHE KOH(JIMKTA HHTEpPeCOoB.
JTHYecKoe yTBep)KAeHne — HelIPUMEeHUMO.

BiarogapHocTH — HElIPUMEHUMO.

HudopmupoBaHHoe coryiacue Ha My0/IMKALHI0 — HEMPUMEHUMO.
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